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Eicosapentaenoic acid improves insulin sensitivity
and blood sugar in overweight type 2 diabetic mellitus
patients: a double-blind randomised clinical trial
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INTRODUCTION Diabetes mellitus is the most common metabolic disorder in humans, and its incidence is
increasing rapidly worldwide. Although polyunsaturated fatty acids have beneficial effects on diabetes mellitus,
previous data regarding the possible positive effects of n-3 fatty acids on glycaemic indices were inconclusive. We
conducted a double-blind randomised clinical trial to determine the effects of eicosapentaenoic acid (EPA), an n-3
polyunsaturated fatty acid, on overweight patients with type 2 diabetes mellitus (T2DM).

METHODS This double-blind, placebo-controlled randomised clinical trial was conducted on a total of 67
overweight patients with T2DM for a duration of three months. Of these 67 patients, 32 received 2 g purified EPA
daily, while 35 received a placebo of 2 g corn oil daily. The patients’ fasting plasma glucose (FPG), serum insulin,
glycated haemoglobin (HbA1lc) and insulin sensitivity indices were assessed.

RESULTS After three months of EPA supplementation, the group that received EPA showed significant decreases in
FPG (p < 0.001), HbA1lc (p = 0.01) and homeostasis model assessment of insulin resistance (HOMA-IR) (p = 0.032),
when compared to the placebo group. EPA supplementation resulted in decreased serum insulin levels, with the levels
between the EPA and placebo groups showing a significant difference (p = 0.004).

CONCLUSION The results of our study indicate that EPA supplementation could improve insulin sensitivity. It was
able to decrease serum insulin, FPG, HbAlc and HOMA-IR. EPA could have beneficial effects on glycaemic indices
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in patients with T2DM.
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INTRODUCTION
Most countries all over the world are experiencing a rapid
increase in the number of patients suffering from diabetes
mellitus (DM)." According to the statistics of the World
Health Organization (WHO), more than 180 million people
worldwide have DM and this number would double by
2030 if no urgent action is taken. Type 2 DM (T2DM) is the
most frequent form of the disease, accounting for 85% of
all DM cases, while type 1 DM and specific/gestational DM,
account for 10% and 5%, respectively.? It has been shown
that DM-related morbidity and clinical complications can
be reduced substantially by tight glycaemic control, which
is typically defined as a glycated haemoglobin (HbA1c)
level of less than 7%.54

Nutrition is likely to affect glycaemic control.
Epidemiological studies have reported a lower prevalence
of T2DM and other glucose metabolism disorders in
populations that consume larger amounts of n-3
polyunsaturated fatty acids (PUFAs), found mainly in fish.®
However, the findings of clinical studies are controversial.
Early studies reported that fish consumption had adverse
effects on blood glucose control and insulin activity

in patients with T2DM.®® [t is now believed that the
undesirable effects observed in those studies were due
to the use of high doses of fish oil (> 10 g/day) and small
sample size. Studies using lower doses of n-3 PUFAs
(1-2 g/day) reported no deterioration of glucose control
in their subjects.® Additionally, the beneficial effects of
n-3 PUFAs on glucose metabolism have been shown in
some clinical trials. One study reported a significant
improvement in insulin sensitivity after 12 weeks of n-3
PUFA supplementation with 1.3 g eicosapentaenoic
acid (EPA) and 2.9 g docosahexaenoic acid (DHA) in
obese, premenopausal, nondiabetic women.” Another
study compared the effects of consuming five portions
of either oily fish (containing n-3 PUFA) or red meat daily,
for a duration of two months on insulin resistance in young
women.™ The data obtained from that study suggested
that an oily fish diet induced a significant decrease in
both serum insulin levels and insulin resistance, as
determined by homeostasis model assessment of insulin
resistance (HOMA-IR) and quantitative insulin-sensitivity
check index (QUICKI). The results of these studies,1%™
which investigated the effects of fish oil, EPA and DHA
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intake on the development of T2DM, were ambiguous
and inconclusive. Since the role of n-3 PUFAs in T2DM
remains unresolved and few studies examining the impacts
of EPA and DHA have been conducted, we designed a
double-blind, randomised clinical trial to determine the
effects of EPA on the glycaemic indices of overweight
patients with T2DM.

METHODS

A total of 67 patients (26 men, 41 women) with T2DM,
defined as individuals taking oral hypoglycaemic agents or
with a fasting plasma glucose (FPG) level > 7.0 mmol/L,"™
participated in this study. The participants were aged
35-55 years, had a body mass index (BMI) of 25-30 kg/m?,
had been diagnosed with T2DM for 2-15 years, were
nonalcoholics and nonsmokers, had no history of drug
abuse, and were not pregnant or breastfeeding. Patients
had no recent digestive, hepatic, renal, cardiovascular,
thyroid or respiratory diseases, and no diagnosis of cancer
in the previous year. Informed consent was obtained from
all the patients.

In this placebo-controlled, double-blind clinical trial,
the patients were randomly assigned to either the control
group, which received four 500-mg capsules of corn oil
(Daana Pharmaceutical Company, Tabriz, Iran) daily, or
the EPA group, which received four 500-mg capsules of
EPA supplement (PlusEPA®; Minami Nutrition company,
Edegem, Belgium) daily. Each EPA 500 mg capsule contained
95% pure EPA. Corn oil was used as placebo because
it is the most popular dietary oil. EPA and corn oil were
administered in the form of soft gels, which were identical
in size, colour and taste. Patients were told to take
the supplements postprandially for a duration of 12 weeks.
They were also advised to maintain their diet, level of
physical activity and antidiabetic agents throughout the
duration of the study.

At the beginning of the study, the weight and height of
all patients were taken using a measuring scale and BMI was
calculated using the formula: weight/(height x height).
Follow-up sessions were conducted every two weeks,
during which the patients” weight, diet and compliance with
the rules of the study were checked. The study protocol
was approved by the Ethics Committee of Tehran University
of Medical Sciences, Iran.

Blood samples were collected in the morning, after an
overnight fast, and centrifuged at 3,000 rpm for 10 mins
at room temperature for serum separation. The fasting
serum samples were stored at -70°C until they were
analysed for glucose (Glucose kit; Pars Azmoon Co, Tehran,
Iran) and insulin (Immunotech Insulin IRMA IM3210;
Beckman Coulter Inc, France). T mL of whole blood was
preserved in tubes containing ethylenediaminetetraacetic
acid as an anticoagulant agent for the determination of

Table I. Baseline characteristics of patients (n = 67).

Characteristic Mean * SD p-value*
Control EPA
(n=35) (n=32)
Age (yrs) 45.3 £ 3.93 45.03 + 4.88 0.79
Male/female (no.) 13/22 13/19 0.77t
Weight (kg) 70.77 + 8.43 74.44 + 9.40 0.09
BMI (kg/m?) 27.80 + 1.65 27.9 +1.73 0.74
Duration of 8.57 + 3.86 7.43 +3.84 0.23
DM (yrs)

*Independent t-test showed no significant differences between two groups
at baseline. *Chi-square test was used to detect differences in gender profile
between the groups.

BMI: body mass index; DM: diabetes mellitus; EPA: eicosapentaenoic
acid; SD:standard deviation

HbATc percentage (NycoCard® kit 1042184; Axis-Shield
PoC, Oslo, Norway). HOMA-IR was computed as
FPG (mmol/L) x fasting serum insulin (mU/L)/22.5,"% and
QUICKI was calculated as 1/[log insulin (plU/mL) + log
glucose (mg/dL)].0%

The Statistical Package for the Social Sciences version
16.0 (SPSS Inc, Chicago, IL, USA) was used in all analyses.
The normality of the distribution of all variables was
checked using Kolmogorov-Smirnov test. All values were
presented as mean = standard deviation. Differences
between groups were assessed using independent t-test,
and considered significant at p < 0.05. To remove the
effects of baseline values, analysis of covariance (ANCOVA)
was used.

RESULTS

A total of 70 patients were recruited initially, but only 67
patients completed the study successfully (i.e. no changes
were made to their diet, level of physical activity and
antidiabetic agents throughout the duration of the study).
Three patients withdrew from the study - two due to
digestive intolerance to the supplement and one due to
unplanned travel. Analysis of the baseline characteristics of
the control and EPA groups confirmed that the groups
were well matched for the entry criteria (Table 1). There
were no significant differences between the groups in both
the type and amount of oral hypoglycaemic agents taken.
The patients took oral hypoglycaemic medications in the
form of sulfonylureas (16%), biguanides agents (8%) or
biguanides along with sulfonylureas (76%).

The baseline values of serum insulin, HbA1c and
HOMA-IR were not significantly different between the two
groups. However, FPG and QUICKI were higher in the control
group (Table II). Correlations were observed between the
duration of diagnosed DM and FPG (p = 0.006, r = 0.33),
and between HbAlc and FPG (p < 0.001, r = 0.62). Serum
insulin also correlated with weight (p = 0.027, r = 0.27)
and BMI (p = 0.02, r = 0.28). At the end of the study, there
was a decrease in the FPG, HbAlc and HOMA-IR of
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Table Il. Baseline and final values of the FPG, serum insulin,
HbA1c, HOMA-IR and QUICKI of patients in the control and
EPA groups.

Characteristic Control EPA p-value
(n = 35) (n=32)

FPG (mg/dL)
Baseline 187.09 + 56.28 146.56 + 38.77 0.001
Final 191.77 + 58.18 127.00 + 31.91 < 0.001
p-value 0.51 0.001

Serum insulin
Baseline 5.36 +2.18 7.34 + 3.06 0.1
Final 6.80 + 2.67 6.76 + 2.31 0.97
p-value 0.008 0.20

HbA1c (%)
Baseline 8.91+1.81 8.92 + 1.39 0.97
Final 9.11+1.79 8.14 +1.22 0.01
p-value 0.27 < 0.001

HOMA-IR
Baseline 243+ 1.76 2.73+1.31 0.55
Final 3.10 + 1.96 2.10+1.73 0.03
p-value 0.010 0.004

QUICKI
Baseline 417 +1.79 2.48 +1.02 0.02
Final 3.85+2.96 3.58+2.17 0.73
p-value 0.66 0.93

Note: Data is presented as mean + standard deviation. Baseline and final
values were compared using paired t-test, and the differences between the
groups were assessed using independent t-test. A p-value < 0.05 was
considered to be significant.

EPA: eicosapentaenoic acid; FPG: fasting plasma glucose; HOMA-IR:
homeostatic model assessment for insulin resistance; QUICKI: quantitative
insulin-sensitivity check index

patients in the EPA group when compared with the control
group (p < 0.001, p = 0.01 and p = 0.03, respectively).
Moreover, after the effects of baseline values were removed,
changes in the FPG, HbAlc, serum insulin and HOMA-IR
were noticeably greater in the EPA group than the control
group (p = 0.007, p < 0.001, p = 0.004 and p < 0.001,
respectively). In other words, conspicuous decreases were
observed in the FPG (11%), HbA1c (8%) and serum insulin (3%)
of patients in the EPA group, whereas these indices were
observed to have increased slightly in the control group
(4%, 3% and 4%, respectively).

DISCUSSION

In our study, we found that FPG and serum insulin levels
were reduced in the EPA group when compared with the
control group. This suggests that the consumption of EPA
supplements could improve glycaemic control in patients
with DM. The effect of baseline glycaemic control was
removed in our study using ANCOVA.

The results of previous studies were ambiguous, with
some studies showing that fish oil consumption could
increase plasma glucose concentrations. One study
reported that high intake of long-chain n-3 fatty acids may
even modestly increase the incidence of T2DM." A review
article by Heine, which was based on a limited number
of observations, concluded that the consumption of
n-3 PUFAs had an adverse effect on glycaemic control
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in patients with T2DM." However, it is now believed that
the undesirable effects observed in those studies were due
to the use of high doses of fish oil (> 10 g/day) and small
sample sizes.

A randomised, double-blind, placebo-controlled,
crossover study revealed that the consumption of 6 g of
n-3 PUFA (EPA plus DHA) daily for a duration of six
months, in addition to the usual oral therapy, caused a
nonsignificant net glucose increase of 3% in patients with
T2DM." This suggests that n-3 PUFA intake, along with
hypoglycaemic agents, had no adverse effects on glycaemic
control. In a study by Sirtori et al,® 89 patients
with T2DM received 2.6 g of EPA plus DHA daily for the
first two months, followed by 1.7 g daily for the next four
months. This treatment regimen was continued for up to
one year. At the end of the study, no significant changes
were observed in the FPG or serum insulin levels between
the treatment and control groups, with the latter receiving
olive oil as placebo. Some recent studies, however, have
shown that n-3 PUFAs have beneficial effects on glucose
metabolism. It was reported that consumption of n-3 fatty
acids or higher doses of fish oil could improve glucose and
insulin metabolism, as well as increase insulin sensitivity.%'®
Epidemiological studies have also reported a lower prevalence
of T2DM and other glucose metabolism disorders in
populations that consume larger amounts of n-3 PUFAs,
which are found mainly in fish.®

HbAT1c, which represents the average plasma glucose
concentration over a prolonged period of time, decreased
significantly following EPA supplementation in our study.
Since our study lasted for a duration of three months, there
was sufficient time for a noticeable change in HbAlc to be
observed. Egert et al reported no change in the HbATlc
level of individuals who consumed 2.8 g of EPA a day for
three weeks."” Another study, in which patients consumed
500 mg of EPA a day with or without vitamin C for eight
weeks, showed that EPA consumption could reduce HbAlc
conspicuously.?? From these studies, it seems that the
duration of intervention plays a key role in the changes
in HbATc levels, since the lifespan of red blood cells is
almost 120 days.

Consumption of EPA supplements could also reduce
HOMA-IR, an index of insulin resistance. However, in our
study, QUICKI did not change significantly. Previously,
Griffin et al cited that a diet enriched in EPA, DHA, or both,
caused no modification in HOMA-IR or QUICKI.®" In
contrast, another study, which examined the effects of oily
fish consumption for two months on insulin resistance,
showed that the consumption of oily fish induced
significant improvement in HOMA-IR and QUICKI when
compared with the consumption of red meat."? One of
the major putative mechanisms that could account for the
possible beneficial effects of n-3 PUFAs on insulin resistance
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is the anti-inflammatory properties of n-3 PUFAs, which
have been previously reported.?22%

In conclusion, our study showed that a diet supplemented
with 2 g of EPA daily can improve the indices of glycaemic
control, namely FPG, serum insulin, HbAlc and HOMA-IR, in
T2DM patients. While the complete mechanism of action
of EPA has yet to be elucidated, it is well known that an
increase in n-3 PUFAs intake causes an increase in the
fluidity of the skeletal muscle membrane.?® Hence, the
resulting improvement in glucose uptake might be related
to an increase in the residency time of glucose transporters
1 and 4 in the plasma membrane.?>2% Moreover, the genes
of adiponectin, adiponectin receptors and peroxisome
proliferator-activated receptors, which are likely associated
with insulin resistance, might be influenced by n-3 PUFA
intake.?”2® Further clinical and basic studies are needed
to elucidate the underlying mechanisms.
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