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ABSTRACT
Introduction: Diabetic dyslipidaemia is characterised by
hypertriglyceridaemia, low High Density Lipoprotein (HDL),
postprandial lipaemia, small and dense LDL particles is
considered to be a major predisposing factor for various
macrovascular complications. Omega-3 fatty acids are fish oil
derivative introduced in the market for dyslipidaemia associated
with increased triglyceride level.
Aim: To study the effect of omega-3 fatty acids on lipid profile
in Type II diabetes patients.
Materials and Methods: This study was prospective, single blind,
randomized comparative trial. Hundred patients were randomized
into three groups. Group I received metformin 500 mg twice daily
and placebo, Group II received metformin 500 mg twice daily and
omega-3 fatty acids (1 gram) once daily and the Group III received
metformin 500 mg twice daily and omega-3 fatty acids (1 gram)
twice daily. ANOVA test was applied for analysis.

Results: Group II was effective in reducing the triglyceride
level from 144.59±14.18 mg/dl to 101±13.31 mg/dl which was
significant as compared to Group I from 147.67±18.57 mg/dl to
145.8±19.86 mg/dl respectively. Group III containing 1 g of omega-3
fatty acids twice daily showed decrease from 144.83±22.17 mg/dl
to 86±17.46 mg/dl and was more effective in reducing triglyceride
levels than Group II containing 1 gram of omega-3 fatty acids once
daily.
Conclusion: Omega-3 fatty acids can be given in conjunction
with metformin to reduce triglyceride levels in diabetic
dyslipidaemia without any adverse drug reactions or any drug
interaction. Omega-3 fatty acids were effective in reducing the
triglyceride level significantly as compared to placebo. Two
grams of omega-3 fatty acids were more effective than 1 gram
of omega-3 fatty acids in reducing triglyceride levels.
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INTRODUCTION

MATERIALS AND METHODS

Diabetes Mellitus (DM) is a syndrome characterized by chronic
hyperglycaemia and disturbances in carbohydrate, fat and protein
metabolism, and occurs due to absolute and relative deficiency
of insulin [1]. Type I DM is insulin dependent and Type II is noninsulin dependent, with Type II being more common. Type II DM
is associated with other medical disorders such as dyslipidaemia,
obesity and hypertension, together known as metabolic syndrome
or syndrome X [2].

This study was prospective, single blind, randomized comparative
trial carried out at an Endocrinology Department after obtaining
approval by the Institutional Ethics Committee. After taking informed
consent from all the patients, 105 newly diagnosed diabetes mellitus
patients only on metformin treatment were included while patients
on additional antidiabetic, hypolipidaemic, anti-inflammatory drugs
or with systemic diseases like hypertension, systemic inflammatory
diseases were excluded from the study. Patients with known allergy
to fish or fish products were excluded.

Framingham Heart Study revealed marked increase in Coronary
Artery Disease (CAD) in diabetic patients and dyslipidaemia as one of
the major risk factor. In DM most common pattern of dyslipidaemia
is increased triglycerides and decreased HDL levels [3].
Antidiabetic drugs have favourable effect on lipid profile but the
effect may be selective or extent may be insufficient, mandating
additional hypolipidaemic therapy. With progression of disease
more drugs may need to be added to control Blood Sugar Level
(BSL) and dyslipidaemia thus enhancing the possibility of drug
interactions and adverse reactions. With such background, any
drug with favourable effect on BSL as well as other comorbidities
is acceptable. However, very few drugs have beneficial effects on
blood sugar levels and lipid profile. Omega-3 fatty acids are believed
to have these beneficial effects.
Omega-3 fatty acids are essential fatty acids found in certain fish
and some vegetables. They are necessary for normal growth and
development. Various studies have been reported that omega-3 fatty
acids reduce plasma triglycerides, and increase HDL. It has also been
reported to inhibit platelet aggregation, improve endothelial function,
reduce oxidative stress and act as a potent anti-inflammatory agent
[4]. The present study was undertaken to evaluate the effect of
omega-3 fatty acids supplementation in diabetic dyslipidaemic
patients on glycaemic control and lipid parameters.
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After Enrollment Patients were Randomized into three
Groups
Group I - Tab. Metformin 500 mg twice daily and placebo.
Group II -Tab. Metformin 500 mg twice daily and Capsule omega-3
fatty acids 1 g once daily.
Group III –Tab. Metformin 500 mg twice daily and Capsule omega-3
fatty acid 1 g twice daily.
Duration of study was one year. Patients were followed up at six
and 12 weeks for detailed clinical and biochemical examinations.
Subjective symptoms such as nausea, vomiting were assessed
by questioning. Laboratory investigations such as fasting and
postprandial blood glucose level, glycosylated haemoglobin (HbA1C)
and lipid profile were done on 0 day, six weeks and 12 weeks.

statistical ANALYSIS
Qualitative data such as sex, patient’s habits were analyzed by
using chi-square test. Data on adverse events was analyzed by
using chi-square test. Quantitative data analysis was carried out by
using ANOVA. The p-value <0.05 was taken as significant and p<
0.001 was taken as highly significant.
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RESULTS
In 2013, a total of 105 patients were enrolled and randomized into
three groups [Table/Fig-1]. Group I received Tab. Metformin 500 mg
BD with placebo, while Group II and III received Tab. Metformin 500
mg BD along with 1 g and 2 g omega-3 fatty acids respectively
for 12 weeks duration. [Table/Fig-2] reveals that the mean of age,
weight and height of participants in different groups are significantly
not different. In Group II and III though it appears there is a decrease
in the fasting and postprandial sugar levels at sixth and 12th week
as compared to group I, but statistically it is not significant (p>0.05)
[Table/Fig-3]. There is no effect of omega-3 fatty acids on the mean
glycosylated haemoglobin level throughout the duration of the study
period (p>0.05) [Table/Fig-4].
Mean triglyceride level on day 0 for Group I was 147.67±18.57 mg/
dl and at sixth and 12 weeks it was 146.24±18.7and 145.8±19.86
mg/dl respectively [Table/Fig-5]. In 1 g of omega-3 fatty acids treated
(Group II) mean triglyceride level on day 0 was 144.59±14.18 mg/dl
and at 6 and 12 weeks treatment it was 111±13.8 and 101±13.31
mg/dl respectively which is statistically significant [Table/Fig-6]. In 2
g of omega-3 fatty acids treated (Group III) mean triglyceride level
on day 0 was 144.83±22.17 mg/dl this level significantly decreased
to 104±18.8 mg/dl at six weeks and 86±17.46 mg/dl at 12 weeks
[Table/Fig-7]. As compared to placebo, both 1 g and 2 g of omega-3
fatty acids significantly reduced triglyceride levels at six and 12
weeks of treatment. This triglyceride lowering effect was additional
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with 2 g of omega-3 fatty acids at 12 weeks compared to placebo
treated group (p< 0.001) [Table/Fig-8].
On the other hand, effect of 1 g and 2 g of omega-3 fatty acids on
mean total cholesterol, HDL and Tryglyceride (TG) level as compared
to placebo at the end of study was not significant (p>0.05) [Table/
Fig-8].

Adverse Drug Reactions
The adverse effects of metformin are metallic taste, anorexia,
nausea, vomiting, diarrhoea, abdominal discomfort and rarely lactic
acidosis. In the present study, adverse effects observed were- in
Group I metallic taste (n=1), anorexia (n=1), in Group II metallic
taste (n=1) and Group III metallic taste (n=1). The difference is
not statistically significant (p>0.05). No other adverse effect was
observed. Omega-3 fatty acids neither showed any adverse drug
reaction nor did it interfere with the efficacy of metformin.

DISCUSSION
Diabetic dyslipidaemia is a condition characterized by hypertrigly
ceridaemia along with elevated VLDL remnants and reduced HDL-C
Parameters

0 Day
Mean±S.D

12 weeks
Mean±S.D

p-value

Group I

Glycosylated Hb

7.76±0.511

7.66±0.513

>0.05

Group II

Glycosylated Hb

7.74±0.50

7.47±0.54

>0.05

Group III

Glycosylated Hb

7.76±0.49

7.66±0.51

>0.05

Group

[Table/Fig-4]: Effect on glycosylated HbA1C across treatment groups.
Sr.
No.

Parameters

0 Day
Mean±S.D

6 weeks
Mean±S.D

12 weeks
Mean±S.D

p-value

1.

Triglycerides

147.67±18.57

146.24±18.7

145.8±19.86

>0.05

2.

Total
Cholesterol

197.18±23.90

196±23.6

194.8±23.82

>0.05

3.

HDL

45.82±3.52

45.6±3.78

46.02±4.26

>0.05

4.

LDL

103.91±14.71

NA

103.04±14.31

>0.05

[Table/Fig-5]: Mean triglycerides, total cholesterol, HDL and LDL in (mg /dl) after
six and 12 weeks of treatment in Group I (metformin and placebo).

[Table/Fig-1]: Randomization of patients in three groups each receiving treatment
as mentioned.
Criteria

Sr.
No.

Parameters

0 Day
Mean±S.D

6 weeks
Mean±S.D

12
weeks
Mean±S.D

p-value

1.

Triglycerides

144.59±14.18

111±13.28

101±13.31

<0.05 *

2.

Total
Cholesterol

199.52±29.67

195.53±29.40

193.58±29.88

>0.05

3.

HDL

46.82±6.91

47.9±6.41

48.60±6.46

>0.05

4.

LDL

106.17±10.40

NA

105.84±7.74

>0.05

[Table/Fig-6]: Mean triglycerides, total cholesterol, HDL and LDL in (mg /dl) after 6
and 12 weeks of treatment in Group ii (metformin and 1 gm omega-3 fatty acids).
* Significant

Group I

Group II

Group III

p-value

Sr.
No.

Parameters

0 Day
Mean±S.D

51±4.88

51.29±5.15

51.44±5.24

>0.05

1.

Triglycerides

144.83±22.17

45-57

45-62

43-59

2.

Total
Cholesterol

201.16±32.90

6 weeks
Mean±S.D

12 weeks
Mean±S.D

p-value

104±18.8

86±17.46

<0.05 *

194.44±32.76

192.5±32.04

>0.05

Age
(years)

Mean±S.D

Weight (kg)

Mean±S.D

77.64±7.49

78.23±6.87

78.33±6.27

>0.05

Height (m)

Mean±S.D

1.63±0.13

1.7±0.14

1.65±0.09

>0.05

3.

HDL

47±3.51

49.2±4.36

50.14±4.46

>0.05

>0.05

4.

LDL

106.33±19.57

NA

107.06±19.60

>0.05

Range

Alcohol

Habits

3(15%)

Smoking

2 (10%)

4(20%)
3(15%)

3(15%)
4(20%)

>0.05

[Table/Fig-2]: Demography of participants.

Sr. No.

Duration

[Table/Fig-7]: Mean triglycerides, total cholesterol, HDL and LDL in (mg/dl) after
six and 12 weeks of treatment in Group III (metformin and 2 g omega-3 fatty acids).
* Significant

Group I Mean±S.D

Group II Mean±S.D

Group III Mean±S.D

F

PP

F

PP

F

PP

1.

0 day

149.9±5.94

184±8.25

148.6±6.70

183.4±7.41

149.5±6.75

185.4±6.3

2.

6 weeks

115.7±7.12

148±11.3

112.17±9.83

147.05±10.43

109.8±8.58

145±5.01

3.

12weeks

105±7.62

143±11.6

104.52±7.07

141.52±8.31

102±8.62

138±7.45

[Table/Fig-3]: Effect on mean fasting (F) blood sugar level and post-prandial (PP) in (mg/dl) across treatment groups.
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Duration

Group I Mean±S.D

Group II Mean±S.D

Group III Mean±S.D

T.G.

T.C.

HDL

T.G.

T.C.

HDL

T.G.

T.C.

HDL

1

0 day

147.67±18.57

197.18±23.9

45.82±3.52

144.59±14.18

199.52±32.30

46.82±6.91

144.8±22.17

201.16±32.90

47±3.51

2

6 weeks

146.24±18.7

196±23.6

45.6±3.78

111±3.28

195.53±29.40

47.9±6.41

104±18.8

194.44±32.76

49.2±4.36

3

12 weeks

145.8±19.86

194.8±23.8

46.02±4.26

101±13.31

193.58±29.88

48.60±6.46

86±17.46

192.5±32.04

50.14±4.46

[Table/Fig-8]: Effect on mean triglycerides (TG), total cholesterol (TC) and HDL in (mg/dl) across treatment groups.

levels in blood. Additionally small-dense LDL particles, which are
derived from LDL-cholesterol particles, are major predisposing factor
for various macrovascular complications [5]. Omega-3 fatty acids is
FDA approved treatment for hypertriglyceridaemia [6].
Percentage reduction in fasting and postprandial BSL in both
omega-3 fatty acids treated groups was not significant as compared
with Group I [Table/Fig-3]. Friday KE and Childs MT et al., show
significant rise of plasma blood sugar level after supplementation
of omega-3 fatty acids [7]. This could be possibly because of the
high dose used in the study i.e., 8 g/day. Omega-3 fatty acids
supplementation in high doses may increase plasma blood sugar
level by increasing glycerol gluconeogenesis, which could contribute
to deterioration of glycaemic control during long-term treatment [8].
Also we didn’t see any effect of omega-3 fatty acids on the mean
glycosylated haemoglobin level throughout our study period [Table/
Fig-4]. Similar findings were shown by Woodman RJ et al., [9].
Omega-3 fatty acids has significantly reduced triglyceride level as
compared to placebo group, in which Group III has shown stronger
association with reduction of triglyceride level as compared to Group
II (p<0.001) [Table/Fig-8]. Similar findings were shown by Montori
VM et al., Friedberg C et al., and Hartweg J et al., in diabetic patients
[10-12]. Two main mechanisms have been proposed to explain
the triglyceride lowering effects of omega-3 fatty acids. Firstly, the
inhibition of acyl coA1, 2 diacylglycerol acyl transferase by omega-3
fatty acids may reduce the hepatic synthesis of triglycerides.
Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA)
have high affinity for the enzymes involved in triglyceride synthesis,
but are poor substrates for these enzymes. Thus, the esterification
and release of other fatty acids is prevented. Secondly, omega-3 fatty
acids have high affinity for peroxisome proliferator activated receptor
subtypes, thereby increasing hepatic peroxisomal β-oxidation and
up regulating fatty acids metabolism in the liver. This reduces the
quantity of free fatty acids available for triglyceride synthesis, and
reduces triglyceride levels; secretion of triglyceride rich in Very Low
Density Lipoprotein (VLDL) is also inhibited. Omega-3 fatty acids
also affect other nuclear receptors involved in the modulation of
triglyceride levels e.g., liver X receptor, hepatocyte nuclear factor 4α
and farnesol X receptor and may increase the removal of triglycerides
from circulating VLDL and chylomicron particles via upregulation of
enzymes, such as lipoprotein lipase [13]. The main effect of dietary
omega-3 fatty acids on plasma lipids and lipoproteins in general is
a reduction in plasma triglycerides, by 20-50% in healthy subjects
and even more in subjects with hypertriglyceridaemia in diabetic
patients. The effect is dose dependent but generally substantial with
intake of omega-3 fatty acids above 2-3 g/day [14].
But there was no significant effect of omega-3 fatty acids on serum
total cholesterol, HDL and LDL level (p>0.05). For cholesterol, similar
findings were shown by Friedberg C et al., and Hendra TJ [11,15].
For HDL, similar findings were shown by Woodman RJ et al., Bork
man M et al., and Schectman G et al., [9,16,17]. For LDL, similar
findings were shown by Goh YK et al., and Peterson et al., [18,19].
In another study conducted in patients of type II diabetes mellitus it
was seen that for every increase of 1 g/day of omega-3 fatty acids
there was a decrease in triglyceride levels by 0.36 mmol/L but this
was also accompanied by increase in LDL cholesterol level by 0.14
mmol/L [20].
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In the present study omega-3 fatty acids was given in the dose
of 1 g and 2 g/day since the triglyceride levels at baseline were
within normal limits. The total EPA and DHA dose recommended
for triglyceride lowering is approximately 2–4 g/day. In patients with
triglyceride levels above 500 mg/dl, approximately 4 g/day of EPA
and DHA reduce triglyceride levels by 45% and VLDL cholesterol
levels by more than 50% [21].
Omega-3 fatty acids has also shown some efficacy in treating
neurological disorders, inflammatory conditions, cancers, ophthal
mological disorders but evidence is weak compared to efficacy
in cardiac conditions [22]. Omega-3 fatty acids may boost the
effectiveness of statins on lipid profile and decrease the risk of
coronary vascular disease [23]. It also has shown to increase insulin
sensitivity in rodents but more studies in humans are encouraged
as earlier showed no beneficial effect of omega-3 fatty acids in Type
2 DM [24].

LIMITATION
This study has few limitations. First, the sample size was small so
results cannot be generalized. Secondly duration of study was
short. Despite that, during the short duration of 12 weeks treatment,
omega-3 fatty acids did not interfere adversely with the efficacy
of metformin neither were any adverse effects observed. Though
omega-3 fatty acids did not reduce blood sugar level significantly,
it affected atherogenic index favourably at 12 weeks of treatment.
On this background it is possible to plan a trial on a much bigger
sample size for a prolong duration as an adjuvant treatment in Type
II diabetes mellitus to determine the true effect of omega-3 fatty
acids on DM.

CONCLUSION
We have observed that omega-3 fatty acid does not have any effect
on fasting and postprandial blood glucose level and glycosylated
haemoglobin. We found that omega-3 fatty acids were effective in
reducing the triglyceride level significantly as compared to placebo.
Two gram of omega-3 fatty acids was more effective than 1 g of
omega-3 fatty acids in reducing triglyceride levels. No effect was
found on the serum level of total cholesterol, high density lipoprotein
and low density lipoprotein. It can be also concluded that omega-3
fatty acids can be given along with metformin with no adverse drug
reactions and no drug interaction.

REFERENCES

[1] Bennet PH. Definition, diagnosis and classification of diabetes mellitus and
impaired glucose tolerance. In, Kahn CR and Weir GC (ed). Joslins Diabetes
Mellitus, 13th edition. Philadelphia, Lea Febiger Publishers, 1994;93-200.
[2] Genuth S. Classification and diagnosis of diabetes mellitus. Med Clin North Am.
1982;66:1191-207.
[3] Bersot TP. Drug therapy for hypercholesterolemia and dyslipidemia. In Brunton
LL (ed). Goodman and Gilman’s The Pharmacological Basis of Theapeutics, 12th
edition. London, Mc Graw-Hill Publisher, 2011;890.
[4] Raghu B, Venkatesan P. Effect of n-3 fatty acid supplementation on blood
glucose, lipid profile and cytokines in humans: A pilot study. Indian J Clin
Biochem. 2008;23:85-88.
[5] Brown WV. Lipoprotein disorders in diabetes mellitus. Med Clin North Am.
1994;78:143-60.
[6] Mckenney JM and Sica D. Prescription omega-3 fatty acids for the treatment of
hypertriglyceridemia. Am J Health-Syst Pharm. 2007;64(15):1-11.
[7] Friday KE, Childs MT, Tsunehara CH, Fujimoto WY, Bierman EL, Ensinck JW.
Elevated plasma glucose and lowered triglyceride levels from omega-3 fatty acid
supplementation in type II diabetes. Diabetes Care. 1989;12:276-81.
[8] Puhakainen I, Ahola, Yki-Jarvinen H. Dietary supplementation with n-3 fatty acids
increases gluconeogenesis from glycerol but not hepatic glucose production

15

Shaylika Chauhan et al., Role of Omega 3 Fatty Acid on Lipid Profile in Diabetic Dyslipidemia: Single Blind, Randomized Clinical Trial

[9]

[10]
[11]
[12]

[13]

[14]

[15]

[16]

in patients with non-insulin-dependent diabetes mellitus. Am J Cin Nutr.
1995;61:121-26.
Woodman RJ, Mori TA, Burke V, Puddey IB, Watts GF, Beilin LJ. Effects of purified
eicosapentaenoic and docosahexaenoic acids on glycemic control, blood
pressure, and serum lipids in type II diabetic patients with treated hypertension.
Am J Cin Nutr. 2002;76:1007-15.
Montori VM, Farmer A, Wollan PC, Dinneen SF. Fish oil supplementation in type
II diabetes: a quantitative systematic review. Diabetes Care. 2000;23:1407-15.
Friedberg C, Janssen M J, Heine RJ, Grobbee DE. Fish oil and glycemic control
in diabetes: A meta-analysis. Diabetes care. 1998;21:494-500.
Hartweg J, Perera R, Montori V, Dinneen S, Neil HA, Farmer A. Omega 3
polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus. Cochrane
Database Syst Rev. 2008:CD003205.
Hoy SM, Keating GM. Omega 3 ethylester concentrate. A review of its use
in secondary prevention post-myocardial infarction and the treatment of
hypertriglycedaemia. Drugs. 2009;69:1077-106.
Kandasamy N, Joseph F, Goenka N. The role of omega 3 fatty acids in
cardiovascular disease, hypertriglyceridaemia and diabetes mellitus. Br J
Diabetes Vasc Dis. 2008;8:121-28.
Hendra TJ, Britton ME, Roper DR, Wagainetwabwe D, Jeremy JY, Dandona P, et
al. Effects of fish oil supplements in NIDDM subjects- Controlled study. Diabetes
Care. 1990;13:821-29.
Borkman M, Chisholm DJ, Furler SM, Storlien LH, Kraegen EW, Simons LA, et
al. Effects of fish oil supplementation on glucose and lipid metabolism in NIDDM.
Diabetes care. 1989;38:1314-19.

www.jcdr.net

[17] Schectman G, Kaul S, Kissebah AH. Effect of fish oil concentrate on lipoprotein
composition in NIDDM. Diabetes. 1988;37:1567-73.
[18] Goh YK, Jumpsen JA, Ryan EA, Clandinin MT. Effect of Omega 3 fatty acid on
plasma lipids, cholesterol and lipoprotein fatty acid content in NIDDM patients.
Diabetologia.1997;40:45-52.
[19] Petersen M, Pedersen H, Major-Pedersen A, Jensen T, Marckmann P. Effect of
fish oil versus corn oil supplementation on LDL and HDL subclasses in type II
diabetic patients. Diabetes Care. 2002;25:1704-08.
[20] De Caterina R, Madonna R, Bertolotto A, Schmidt EB. n-3 Fatty Acids in the
Treatment of Diabetic Patients Diabetes Care. 2017;40(2):164-70.
[21] McKenney JM, Sica D. Role of prescription omega-3 fatty acids in the treatment
of hypertriglyceridemia. Pharmacotherapy. 2007;27:715-28.
[22] Bays HE, Tighe AP, Sadovsky R, Davidson MH. Prescription omega-3 fatty acids
and their lipid effects: physiologic mechanisms of action and clinical implications.
Expert Review of Cardiovascular Therapy. 2008;6(3):391-409.
[23] Tajuddin N, Shaikh A, Hassan A. Prescription omega-3 fatty acid products:
considerations for patients with diabetes mellitus. Diabetes, metabolic syndrome
and obesity: targets and therapy. 2016;9:109-18.
[24] Lalia AZ, Lanza IR. Insulin-sensitizing effects of omega-3 fatty acids: lost in
translation? Nutrients. 2016;8(6)pii:E329.

PARTICULARS OF CONTRIBUTORS:
1. Resident Physician, Department of Internal Medicine, Saint Peter’s University Hospital, New Brunswick, New Jersey, USA.
2. Epidemiology-Biostatistics, MPH, City University of New York, New York, USA.
3. Research Associate, Department of Pulmonology, New York Methodist Hospital, New York, USA.
4. Medical Advisor Gufic Biosciences, Department of Pharmacology, Government Medical College, Miraj, Maharashtra, India.
5. Medical Officer, Department of Pharmacology, Government Medical College, Miraj, Maharashtra, India.
NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Shaylika Chauhan,
Resident Physician, Department of Internal Medicine, Saint Peter’s University Hospital, New Brunswick, New Jersey, USA.
E-mail: schauhan@saintpetersuh.com
Financial OR OTHER COMPETING INTERESTS: None.

Date of Submission: Apr 09, 2016
Date of Peer Review: Jun 01, 2016
Date of Acceptance: Oct 01, 2016
Date of Publishing: Mar 01, 2017
•

16

Journal of Clinical and Diagnostic Research. 2017 Mar, Vol-11(3): OC13-OC16

