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Abstract

Purpose This study aimed to determine the effects of fish
oil-derived n-3 PUFA on glycemic control and lipid pro-
files in type 2 diabetic patients with abdominal obesity.
Methods In a randomized, double-blind, placebo-con-
trolled trial, 100 type 2 diabetic patients with abdominal
obesity were randomized into two groups including 4 g/
day of fish oil (2.4 g n-3 PUFA) or placebo (corn oil) for
6 months. Serum fatty acid, body composition, as well as
markers of glucose regulation and lipid parameters were
measured before and after intervention.

Results Thirty-five men and 64 women  aged
65.4 £ 5.3 years completed the intervention. Although body
composition was unchanged, serum EPA and DHA were
higher in the fish oil group than those in the placebo group
(P < 0.001 and P < 0.001, respectively). Serum triglyceride
(TG) decreased (P = 0.007), whereas high-density lipopro-
tein cholesterol (HDL-C) increased (P = 0.006) in the fish
oil group compared with the placebo group after 6 months.
Serum total cholesterol, low-density lipoprotein cholesterol
(LDL-C), the ratio of LDL-C to HDL-C, and glycemic con-
trol (measured by serum glucose, glycated hemoglobin, insu-
lin, and homeostasis model assessment—insulin resistance)
were not significantly different between the two groups after
6 months.
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Conclusions This study showed that 6 months of fish oil
supplement had no statistically significant effects on gly-
cemic control, but improved TG and HDL-C in type 2 dia-
betic patients with abdominal obesity.
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Introduction

Diabetes is currently one of the most important chronic
noncommunicable diseases and has become an enor-
mous worldwide medical challenge; thus, it has turned
into a major public health issue. Staggeringly, the num-
ber of adults with diabetes in the world increased from
108 million in 1980 to 422 million in 2014 [1]. The esti-
mated prevalence of diabetes in a representative sample
of Chinese adults was 11.6%, making China the country
with the highest prevalence of diabetes in Asia and the
largest absolute disease burden for diabetes in the world
[2]. Obesity, especially abdominal obesity, is a major
contributor to insulin resistance and type 2 diabetes [3].
Most people with type 2 diabetes are obese, and obesity
itself can directly cause some degree of insulin resist-
ance. Interestingly, Greenland Eskimos who consumed
large amounts of fish have a remarkably low incidence of
diabetes even when being obese [4]. This potential ben-
eficial effect has been ascribed to the high n-3 polyun-
saturated fatty acids (PUFA) content of fish oil: eicosa-
pentaenoic acid (EPA, 20:5 n-3) and docosahexaenoic
acid (DHA, 22:6 n-3) [5], although one recent study has
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reported that it relates to genetic and physiological adap-
tations to a diet rich in PUFA [6].

Subsequent prospective studies on the impact of fish
intake and risk of type 2 diabetes have produced inconsist-
ent outcomes, with the risk of type 2 diabetes increased in
some [7-9], but decreased in others [10-12]. The recent
systematic review and meta-analysis provided evidence
that marine n-3 PUFA had protective effects on type 2 dia-
betes in Asian populations, but was positively associated
with risk of type 2 diabetes in Western populations [13]. In
addition, the majority of randomized clinical trials support
the triglyceride (TG)-lowering effect of fish oil supplemen-
tation in type 2 diabetic patients [14], but the effects on gly-
cemic control are still inconclusive: Fasting blood glucose
was either deteriorated [15—18] or unchanged [19-24]. It is
important to note, however, that these studies are limited by
small sample size and short trial duration. Moreover, there
are few randomized controlled trials in Asian type 2 dia-
betic patients.

To our knowledge, the effects of fish oil-derived n-3
PUFA on glucose and lipid metabolism have not yet been
studied in type 2 diabetic patients with abdominal obe-
sity. Therefore, we performed a randomized, double-blind,
placebo-controlled trial to evaluate the effects of 6-month
supplementation of fish oil on glycemic control and lipid
profiles in Chinese type 2 diabetic patients with abdominal
obesity.

Methods
Study population

We recruited participants from the diabetes clinic at the
Guanlin hospital in Yixing City, China, and performed the
trial from September 2014 to March 2015. All participants
had known type 2 diabetes as defined by World Health
Organization (WHO) criteria (fasting glucose >7.0 mmol/L
or 2-h postprandial glucose >11.1 mmol/L) and abdomi-
nal obesity as measured by Working Group on Obesity
of China (WGOC) criteria (waist circumference >85 cm
for men and >80 cm for women) [25]. Exclusion criteria
included using n-3 PUFA supplements or lipid-lowering
treatment, allergy to fish oil, gastrointestinal disorders,
pregnancy or lactation, malignant tumor, hyperthyroid-
ism, or other serious diseases known to influence glucose
or lipid metabolism. The study protocol was approved by
the ethic committee of Zhongda Hospital Affiliated South-
east University, and written informed consent was obtained
from each participant prior to enrollment. This trial has
been registered in the Chinese clinical trial registry at
http://www.chictr.org.cn with the following registration
number: ChiCTR-TRC-14005084.
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Study design and intervention

We conducted a randomized, double-blind, placebo-con-
trolled trial of parallel design to evaluate the effects of
fish oil-derived n-3 PUFA supplementation on blood glu-
cose control and lipid levels. One hundred subjects were
randomly assigned to four 1-g capsules/d fish oil (con-
taining 1.34 g EPA and 1.07 g DHA) or a placebo con-
trol (four identical-looking capsules/d that contained corn
oil) for 6 months. The fatty acid composition of the two
types of oil is given in Table 1. Compliance was moni-
tored by monthly check-ins and returning empty bottles
during the study period. Participants were asked to swal-
low the whole capsules before their main meals to avoid
unmasking and maintain stable medications, diet pattern,
and physical activity throughout the supplement period.
The sample size was calculated after fixing the probability
of type 1 error at 0.05 and that of type 2 error at 0.10 for
changes in fasting glucose (mean difference = 1.0 mmol/L,
SD = 1.5 mmol/L). The randomization was developed
using a computer-generated random numbers. Both partici-
pants and investigators were blinded for treatment alloca-
tion until the completion of the final data analysis.

Measurements

Waistline, hipline, height, systolic and diastolic blood pres-
sure were measured according to standardized protocols.
Serum fatty acid composition and body composition were
determined before and after 6 months of fish oil supplementa-
tion for each subject. For serum fatty acid analysis, a total of
1 mL fasting serum samples were mixed with 100 L. BHT
methanol (100 pg/mL) and 2 mL 20% sulfuric acid metha-
nol solution and then incubated with 80 °C for 10 min. After
cooling to room temperature, the 2 mL hexane and saturated
sodium chloride were added to the solution, respectively. The
solution was mixed thoroughly and stood for about 30 min

Table 1 Fatty acid composition of capsules

Fatty acid Fish oil Placebo
Myristic acid, 14:0 1.50 -
Palmitic acid, 16:0 478 12.48
Stearic acid, 18:0 3.92 2.37
Oleic acid, 18:1 n-9 9.34 29.90
Linoleic acid, 18:2 n-6 - 52.18
Arachidonic acid, 20:4 n-6 2.84 -

EPA, 20:5 n-3 33.58 -
DHA, 22:6 n-3 26.70 -
a-Linolenic acid, 18:3 n-3 — 1.34

Only fatty acids detected in >1% of total fatty acids are shown

EPA eicosapentaenoic acid, DHA docosahexaenoic acid
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before centrifuging at 3000 r/min for 15 min. The 1 mL
supernatant was dried under nitrogen and then dissolved in
100 L hexane for analysis. Concentrations of fatty acids in
serum and capsules were detected by gas chromatography
(Agilent, 6890 N, USA). Body composition was assessed by
bioelectrical impedance analysis (Tanita, BC-420, Japan).

Measurements in the hospital were performed at base-
line, after 3 and 6 months of intervention. In all visits, fast-
ing venous blood sample was obtained from each study
subject to measure serum glucose, glycated hemoglobin
(HbAlc), insulin, TG, total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and low-density lipopro-
tein cholesterol (LDL-C) levels.

Assessments of serum fasting glucose and lipids param-
eters (including TG, TC, HDL-C, and LDL-C) were per-
formed by automatic biochemical analyzer (Beckman,
DxC800, USA). HbAlc concentration was determined
by chromatography (Bio-Rad, D10, USA) and insulin by
chemiluminescence (Roche, FG_cobase 8000, Switzer-
land). The insulin resistance was estimated using homeo-
stasis model assessment—insulin resistance (HOMA-IR)
formula (Fasting insulin x Fasting glucose/22.5).

Statistical analysis

Measurement data are presented as mean + SD for normally
distributed data sets or median (with interquartile range) for
skewed data sets. Skewed data were logarithmically trans-
formed prior to analysis and back transformed for presenta-
tion in tables. Assumptions of normality were checked by
using the Kolmogorov—Smirnov test. Categorical data are
presented as frequencies and percentages. Student’s ¢ test
(for normally distributed variables), Mann—Whitney U test
(for skewed variables), or Chi square test was used to com-
pare groups at baseline as appropriate. The end values of
the outcomes were compared by using two factors repeated-
measures ANOVA. A model of analysis of covariance
(ANCOVA) with the baseline value as a covariate was used
to evaluate the effects of fish oil supplementation on serum
fatty acid content and body composition, because these data
were sampled only at two time points (at baseline and at
the end of the intervention). Calculations were performed
in PASW statistics 18.0 (SPSS Inc, Chicago, IL, USA). A
value of P < 0.05 was considered as statistically significant.

Results
Baseline characteristics
Of the 100 subjects randomized in the trial, 99 subjects

completed the final follow-up after 6-month supplementa-
tion and one subject assigned to the fish oil group left the

study due to his own plan of moving out. Data from this
subject were excluded from all results. No side effects were
reported.

The baseline characteristics of the study popula-
tion are shown in Table 2. Their overall mean age was
65.4 £ 5.3 years, and the majority (64.6%) of the subjects
were women. Subjects randomly assigned to receive fish
oil or placebo were similar in demographics.

Serum n-3 PUFA composition

Subjects receiving fish oil had a median (25th, 75th percen-
tile) EPA and DHA of 0.55% (0.16, 1.35) and 2.15% (0.65,
3.61) at baseline, which was increased to 2.15% (1.21,
2.73) and 5.28% (3.42, 6.79) after 6 months of treatment,
respectively (Fig. 1). Relative to the placebo group, fish
oil significantly increased EPA and DHA (P < 0.001 and
P <0.001, respectively) after the 6-month follow-up.

Body composition

Table 3 shows that neither fish oil nor placebo significantly
affected body composition during the intervention.

Glycemic control

Fasting serum glucose, HbAlc, and insulin were not sig-
nificantly influenced by fish oil treatment when compared
with placebo (Table 4). Similarly, the insulin resistance
determined by HOMA remained unchanged.

Lipid profiles

The TG concentration was significantly lower (—21.25%
compared with 2.89% in the placebo group after 6 months;
P = 0.007), with the largest reduction occurring in the first
3 months, followed by a progressive reduction later on
(Table 4). However, the HDL-C concentration was signifi-
cantly higher (P = 0.006) after 6 months of intervention,
rose from 1.36 £ 0.35 on baseline to 1.56 + 0.39 mmol/L
on 6 months. Serum TC, LDL-C, and the ratio of LDL-C to
HDL-C were not significantly affected by fish oil treatment
when compared with placebo.

Discussion

In this randomized, double-blind, placebo-controlled trial,
fish oil-derived n-3 PUFA supplementation at a dose of
2.4 g/day for 6 months significantly decreased TG and
increased HDL-C in type 2 diabetic patients with abdomi-
nal obesity. Rather, we found no changes in TC, LDL-C,
ratio of LDL-C to HDL-C, body composition, and glycemic
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Table 2 General characteristics
of study participants

Variables Fish oil group (n =49)  Placebo group (n =50) P
Age, years 64.6 £5.5 66.3 £5.1 0.114%
Male/female (n) 15/34 20/30 0.329%
Duration of diabetes, years (median, IQR) 8.0 (4.3-12.0) 6.0 (4.0-9.0) 0.074¢
Diabetes treatment (r)

Diet only 3 2 0.819°

Oral agents 22 27

Insulin 12 10

Insulin + oral agents 12 11
Use of antihypertensive agents (1) 22 21 0.771°
Waistline (cm)

Male 90.2 +4.2 93.1 £ 6.0 0.119*

Female 89.3 £ 6.7 90.0+7.0 0.781*
Hipline (cm)

Male 96.8 £ 3.9 98.6 £ 8.3 0.457%

Female 96.1 £5.6 97.6 £6.5 0.339%
Waist-hip ratio 0.93 £ 0.05 0.93 + 0.06 0.893*
Body weight (kg) 643 +7.6 66.9 £ 9.0 0.130*
Height (cm) 1593+ 7.4 160.6 & 7.7 0.388*
BMI (kg/m?) 254 +2.6 259+128 0.311*
SBP (mmHg)

Baseline 143.5 £22.1 142.8 + 18.0 0.857%

6 months 1442 £ 18.4 141.3 £ 18.6 0.437%
DBP (mmHg)

Baseline 85.1 £8.0 85.2+09.1 0.983%

6 months 84.1+£73 853 +£7.8 0.434*

All data are mean =+ standard deviation unless otherwise stated

IQR interquartile range, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure

# Independent-samples # test
® Chi square test
¢ Mann-Whitney U test

2.5 )
(A) -e~ Fish oil . ®)
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£ —_ 44
2 1.51 ;

<

E 10_ I
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Fig. 1 Median concentrations of a EPA and b DHA in serum before
and after 6 months of intervention. EPA eicosapentaenoic acid, DHA
docosahexaenoic acid. *’Significant difference between 0 month
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and 6 months within group (P < 0.001), calculated by paired ¢ test.
*¥Significant difference between groups on 6 months (P < 0.001),
calculated by ANCOVA with the baseline value as the covariate
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Table 3_ Measures O_f body Variables Fish oil group (n = 49) Placebo group (n = 50) PP

composition at baseline and

after 6 months of intervention Baseline 6 months P? Baseline 6 months P?
Body fat (kg) 213+£55 21.7£50 0431 213+54 207+£46 0.103 0.127
Lean body mass (kg) 43.6+8.1 445+80 0451 450+81 457+8.7 0.670 0.719
Percentage of body fat (%) 32.4+83 329+65 0615 328+82 329+7.2 0811 0.159
Visceral fat rating 10.1 £3.5 11.0+4.0 0.136 11.5+39 122+44 0.796 0.181
Muscle mass (kg) 41.1+£77 420+7.7 0465 426+77 432+£84 0.669 0.693
Total body water (kg) 314 £50 3224+6.0 0400 329457 335+£6.7 0.879 0.636
Basal metabolism (kcal) 1252 £ 194 1277 £194 0.361 1283 £ 187 1302 +212 0.548 0.938

All data are mean =+ standard deviation

# Paired 1 test for comparing differences before and after intervention in each group

® Effect of fish oil supplementation (compared with the placebo) was evaluated by using an ANCOVA with

the baseline value as the covariate

control (serum glucose, HbAlc, insulin, and HOMA-IR)
due to the consumption of fish oil. Significant alterations
were noted in serum EPA and DHA, suggesting that sub-
jects complied with fish oil supplementation.

In our study, serum glucose control was neither deterio-
rated nor ameliorated by moderate doses of fish oil supple-
mentation. In contrast, researchers discovered the deleteri-
ous effects of fish oil on glucose control between the 1980s
and the 1990s [15-17]. Popp-Snijders [26] noticed these
adverse effects are predominantly occurred when the dos-
age is high, subjects are obese, and no oral diabetic medica-
tion is prescribed. Given the limitation of small sample size
and short duration, the results should be interpreted with
some caution. Further studies of doses of 2-3 g/day of n-3
PUFA showed no such deleterious impact [27-30], even
if the subjects are obese [20, 22, 31] or Asians [32-34].
The lack of positive results might be explained by the long
duration of insulin resistance in type 2 diabetic patients in
addition to relatively short-term experimental periods. But
results of a recent study have shown that treatment with a
daily dose of 3.9 g n-3 PUFA for 9 months did not alter
glycemic control in subjects with impaired glucose regula-
tion [35]. Consequently, the question of the potential role
of the fish oil supplementation remains open.

The decrease in TG, without changes in TC and LDL-
C, is in accordance with most previous studies in type 2
diabetic patients. The TG-lowering effect may be related
to decreased hepatic TG synthesis and increased fatty acid
oxidation [36]. In addition, decreased very low density
lipoprotein (VLDL) secretion [37] and augmented hepatic
glucose output [38] have also played a pivotal role in this
process. In animal studies, researchers have observed that
these favorable changes may be attributed to the increased
adiponectin and decreased TNF-a and resistin levels in
plasma [39]. Furthermore, we previously found the low
n-3 meal can strengthen the postprandial response of lipid

between hypertriglyceridemia group and healthy control
[40]. We also recently reported low n-6/n-3 PUFA ratio had
a beneficial effect on cardiovascular risk factors by enhanc-
ing favorable lipid profiles in rats fed a high-fat diet [41].

While fish oils lower TG almost uniformly, doubts have
been raised about the optimum EPA/DHA ratio. The most
recent meta-analyses of randomized clinical trials reported
that a greater decreasing tendency was observed in HbAlc,
insulin, TG, and TC within high-ratio (EPA/DHA > 1.5)
subgroup when compared to either low-ratio (EPA/
DHA < 1.4) or intermediate (1.4 < EPA/DHA < 1.5) sub-
groups [14]. An appropriate cutoff for this ratio still needs
to be elucidated, which is of great help for the development
of functional oil from fish.

In contrast to the effect on TG level, HDL-C level tends
to remain unchanged in type 2 diabetic patients treated with
n-3 PUFA [15-17, 19, 21, 22, 34, 38]. It is worth noting,
however, we observed that fish oil supplementation induced
increases in HDL-C, which was in agreement with the
results of a few previous studies [42—44]. It is well known
that HDL-C is considered a protective factor against coro-
nary heart disease. In individuals with abdominal obesity
and insulin resistance, small HDL particle size represents
another feature of the dyslipidemic profile that is common
in this population [45]. Fish oil raised HDL-2a cholesterol
and HDL-2b cholesterol concentrations as compared with
corn oil, although there were no significant effects of fish
oil on HDL-C [46]. Additionally, purified EPA and DHA
administration increased HDL, cholesterol, but was with-
out effect on HDL-C. EPA also significantly decreased
HDL; cholesterol in moderately obese type 2 diabetic
patients with treated hypertension [38]. Despite this, EPA
supplementation increased HDL in patients with diabetes
and comorbid major depressive depression [47]. Unfor-
tunately, the present study did not evaluate changes in the
HDL subfractions.
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Table 4 Measures of glycemic control and lipid levels at baseline
and after 3 and 6 months of intervention

Variables  Fish oil group (n =49) Placebo group (n = 50) P*

Fasting glucose, mmol/L

Baseline 8.04 £2.09 8.34 +2.75
3 months 9.03 +£2.73 8.86 £2.14 0.869
6 months 8.89 £ 2.46 8.88 £ 2.02

HbAlc, %
Baseline 7.72 +£1.23 7.79 £ 1.41
3 months 7.85 £ 1.55 748 £ 1.54 0.901
6 months 7.34 £+ 1.51 745+ 1.44

Insulin, ulU/mL (median, IQR)
Baseline 6.96 (4.57-18.61) 8.90 (5.91-12.35)
3 months 6.39 (4.45-11.80) 7.63 (5.84-11.52) 0.242
6 months 7.49 (3.92-12.54) 9.01 (6.53-11.94)

HOMA-IR (median, IQR)
Baseline 2.24 (1.42-7.07) 2.95 (2.01-4.04)
3 months 2.29 (1.48-5.54) 3.18 (2.13-4.74) 0.339
6 months 2.70 (1.41-6.11) 3.38 (2.51-4.73)

TG, mmol/L
Baseline 1.60 £ 0.92 1.73 £ 0.90
3months 1.36 & 0.70" 1.76 + 0.97 0.007
6 months 1.26 + 0.66 1.78 £0.95

TC, mmol/L
Baseline 4.63 £0.76 444 £0.94
3 months 5.36 £ 0.88 5.08 £ 0.97 0.454
6 months 5.28 £ 0.80 5.19+£1.08

HDL-C, mmol/L
Baseline 1.36 +0.35 1.26 £ 0.27
3 months 1.53 & 0.34" 1.34 £ 0.33 0.006
6 months  1.56 & 0.39" 1.35+0.28

LDL-C, mmol/L
Baseline 3.34 £0.70 3.27 £ 0.85
3 mo 3.87 £0.92 3.71 £0.94 0.911
6 mo 4.11 £0.95 4.08 £ 1.07

LDL-C/HDL-C
Baseline 2.60 £ 0.86 2.69 £ 0.86
3 mo 2.68 =+ 0.97 2.90 + 0.96 0.152
6 mo 2.86 £ 1.01 3.15+1.08

All data are mean =+ standard deviation unless otherwise stated

HbAlIc glycated hemoglobin, IQR interquartile range, HOMA-IR
homeostasis model assessment—insulin resistance, 7G triglyceride,
TC total cholesterol, HDL-C high-density lipoprotein cholesterol,
LDL-C low-density lipoprotein cholesterol

P

P < 0.05 versus placebo group at the same points

@ P for treatment by repeated-measures ANOVA, adjusted for age and
sex

It is intriguing that the fasting glucose, TC, and LDL-C
were increased in both intervention and control groups,
with no significant between-group difference nevertheless.
This phenomenon was probably not caused by changes in
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lifestyle, because weight and body composition were sta-
ble during the study period. One possible factor could be
the long duration of insulin resistance in type 2 diabetic
patients in addition to relatively older ages. This deterio-
ration could be more active in individuals with abdominal
obesity [48]. Another possible explanation might be that
lipid-lowering treatment was prohibited throughout the
study. However, it cannot be excluded that other undeter-
mined mechanisms may also be involved in the amplifi-
cation of fasting glucose, TC, and LDL-C, and additional
studies are needed for a deeper understanding of its causes.

In summary, this study illustrated that 6 months of fish oil
supplement had no statistically significant effects on glyce-
mic control, but improved TG and HDL-C in type 2 diabetic
patients with abdominal obesity. Further large, long-term,
randomized, controlled trials and greater inclusion of bio-
markers will be necessary to determine the specific effects
of fish oil on glucose and lipid metabolism in diabetes.
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