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A B S T R A C T

Background

People with type 2 diabetes mellitus are at increased risk from cardiovascular disease. Dietary omega-3 polyunsaturated fatty acids (PUFAs)
are known to reduce triglyceride levels, but their impact on cholesterol levels, glycemic control and vascular outcomes are not well known.

Objectives

To determine the eIects of omega-3 PUFA supplementation on cardiovascular outcomes, cholesterol levels and glycemic control in people
with type 2 diabetes mellitus.

Search methods

We carried out a comprehensive search of The Cochrane Library, MEDLINE, EMBASE, bibliographies of relevant papers and contacted
experts for identifying additional trials.

Selection criteria

All randomised controlled trials were included where omega-3 PUFA supplementation or dietary intake was randomly allocated and
unconfounded in people with type 2 diabetes. Authors of large trials were contacted for missing information.

Data collection and analysis

Trials were assessed for inclusion. Authors were contacted for missing information. Data was extracted and quality assessed independently
in duplicate. Fixed-eIect meta-analysis was carried out.

Main results

Twenty three randomised controlled trials (1075 participants) were included with a mean treatment duration of 8.9 weeks. The mean dose
of omega-3 PUFA used in the trials was 3.5 g/d. No trials with vascular events or mortality endpoints were identified. Among those taking
omega-3 PUFA triglyceride levels were significantly lowered by 0.45 mmol/L (95% confidence interval (CI) -0.58 to -0.32, P < 0.00001) and
VLDL cholesterol lowered by -0.07 mmol/L (95% CI -0.13 to 0.00, P = 0.04). LDL cholesterol levels were raised by 0.11 mmol/L (95% CI 0.00 to
0.22, P = 0.05). No significant change in or total or HDL cholesterol, HbA1c, fasting glucose, fasting insulin or body weight was observed. The
increase in VLDL remained significant only in trials of longer duration and in hypertriglyceridemic patients. The elevation in LDL cholesterol
was non-significant in subgroup analyses. No adverse eIects of the intervention were reported.
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Authors' conclusions

Omega-3 PUFA supplementation in type 2 diabetes lowers triglycerides and VLDL cholesterol, but may raise LDL cholesterol (although
results were non-significant in subgroups) and has no statistically significant eIect on glycemic control or fasting insulin. Trials with
vascular events or mortality defined endpoints are needed.

P L A I N   L A N G U A G E   S U M M A R Y

Omega-3 polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus

People with type 2 diabetes are known to be at increased risk of cardiovascular disease (such as heart attack or stroke). Type 2 diabetes
mellitus is the fourth leading cause of death in developed countries with a two fold excess mortality and a two to four fold increased
risk of coronary heart disease and stroke. The typical dyslipidemia (abnormality in blood lipids) associated with type 2 diabetes is a
combination of hypertriglyceridemia (high levels of fats (triglycerides) in the blood), low levels of HDL (high density lipoprotein) cholesterol
and abnormal LDL (low density lipoprotein) composition. Low levels of HDL cholesterol and high levels of LDL cholesterol are associated
with an increased risk of cardiovascular disease, while the raised levels of triglycerides are less clearly linked to an increased risk of
cardiovascular disease. Several pharmacologic approaches have been used to treat diabetic dyslipidemia and standard dietary approaches
focus on restriction of saturated fat and limitation of simple carbohydrate and alcohol intake. In the late 1980s, several investigators
reported on the use of dietary supplementation with fish oil as a means of treating diabetic dyslipidemia. Dietary fats and oils from diIerent
sources diIer considerably in their fatty acid composition. Animal fat is rich in saturated fatty acids, vegetable and marine oils are rich in
polyunsaturated fatty acids. Most fish oils are of the so-called omega-3 variety (omega-3 polyunsaturated fatty acids (PUFAs)).
We identified 23 randomised trials (maximum duration of eight months) including 1075 people in which omega-3 PUFA was compared to a
vegetable oil or placebo. None of the trials looked at cardiovascular endpoints in cardiovascular disease or death as an outcome measure.
The review shows that although some types of fat in the blood are reduced through omega-3 supplementation, others including LDL
cholesterol (which may promote heart disease) were increased. Control of blood sugar levels was not aIected by the treatment. There
were no other adverse eIects of the interventions noted. Clinical outcome trials of suIicient duration are required to establish conclusively
the role of omega-3 PUFA in type 2 diabetes but our results do not suggest a major harmful eIect on the balance of blood fats and confirm
that it has no adverse aIect on blood sugar control.
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B A C K G R O U N D

Description of the condition

Diabetes mellitus is a metabolic disorder resulting from a defect in
insulin secretion, insulin action, or both. A consequence of this is
chronic hyperglycaemia (that is elevated levels of plasma glucose)
with disturbances of carbohydrate, fat and protein metabolism.
Long-term complications of diabetes mellitus include retinopathy,
nephropathy and neuropathy. The risk of cardiovascular disease is
increased. For a detailed overview of diabetes mellitus, please see
under 'Additional information' in the information on the Metabolic
and Endocrine Disorders Group in The Cochrane Library (see 'About
the Cochrane Collaboration', 'Collaborative Review Groups'). For an
explanation of methodological terms, see the main Glossary in The
Cochrane Library.

Type 2 diabetes mellitus is the fourth leading cause of death in
developed countries with a two fold excess mortality and a two
to four fold increased risk of coronary heart disease and stroke.
The typical dyslipidemia (abnormality in blood lipids) associated
with type 2 diabetes is a combination of hypertriglyceridemia
(high levels of fats (triglycerides) in the blood), low levels of
HDL (high density lipoprotein) cholesterol and abnormal LDL (low
density lipoprotein) composition (Howard 1987). Low levels of
HDL cholesterol and high levels of LDL cholesterol are associated
with an increased risk of cardiovascular disease (CVD), while the
raised levels of triglycerides are less clearly linked to an increased
risk of CVD. Several pharmacologic approaches have been used
to treat diabetic dyslipidemia (ADA 1998). These include use of
3-hydroxy 3-methylglutaryl coenzyme A (HMG Co-A) reductase
inhibitors (promoting the removal of LDL cholesterol from the
blood) (Pyorala 1997), fibric acid derivatives (exact mechanism
of action unclear, but probably includes stimulating triglyceride
breakdown and LDL cholesterol removal from the blood) (Elkeles
1998) and niacin (inhibits triglyceride production in the liver
and VLDL (very low density lipoprotein) secretion) (Garg 1990).
Standard dietary approaches focus on restriction of saturated fat
and limitation of simple carbohydrate and alcohol intake (ADA
1998). In the late 1980s, several investigators reported on the use
of dietary supplementation with fish oil as a means of treating
diabetic dyslipidemia (Glauber 1988; Friday 1989).

Description of the intervention

A potential role for marine-derived omega-3 polyunsaturated fatty
acids (PUFA) in CVD risk reduction first came from observations
of the native inhabitants of Greenland (Inuits) (MouraoI 1967).
Despite ingesting up to 40 percent of calories as fat (predominantly
of marine origin), this population had a lower incidence of coronary
heart disease compared to individuals with similar fat intake on
a more conventional diet (Bang 1976). Dietary fats and oils from
diIerent sources diIer considerably in their fatty acid composition.
Animal fat is rich in saturated fatty acids. Vegetable and marine
oils are rich in polyunsaturated fatty acids. Polyunsaturated fatty
acids are characterised by the presence of more than one double
bond (allowing them to stay liquid at very low temperatures). The
designation using n-3 or the Greek symbol omega-3, or n-6 and
omega-6, has been applied in the case of fatty acids with the
first double bond three or six carbon atoms from the end of the
chain. Most fish oils are of the omega-3 variety and most vegetable
oils are of the omega-6 variety, although alpha-linoleic acid is an
omega-3 fatty acid found in canola oil. The omega-3 fatty acids

found in fish oils are predominantly eicosapentaenoic acid (EPA) or
docosahexaenoic acid (DHA).

How the intervention might work

The beneficial eIect of marine-derived omega-3 PUFA on cardiac
risk markers and on lowering cardiovascular mortality and sudden
death in the general population have previously been reported in
the GISSI-Prevenzione (GISSI 1999) and DART 1 trials (Burr 1989)
and in a subsequent meta-analysis (Bucher 2002). However, the
results of a later secondary prevention trial on coronary heart
disease (CHD) and mortality (Burr 2003) do not support the earlier
conclusions and a subsequent review has also raised doubts that
omega-3 PUFA reduce cardiovascular endpoints (Hooper 2004). The
possibility of enhanced benefit from omega-3 PUFA in people with
diabetes has been shown in two previous reviews. In a previous
review of the role of omega-3 PUFA in diabetes (Friedberg 1998),
benefit in reducing triglyceride levels was suggested. However, the
authors included non-randomized studies and studies including
people with both type 1 and type 2 diabetes. Their review included
studies up to June 1995. Concerns were also raised about the
possibility of harm from omega-3 PUFA supplementation. Early
non-randomised studies in patients with type 2 diabetes suggested
that omega-3 PUFA might be associated with a deterioration in
glycemic control (Friday 1989; Glauber 1988). This concern was
addressed in the first publication of this systematic review, which
showed that omega-3 PUFA supplementation has no adverse
eIects on glycemic control (Farmer 2001; Montori 2000).

Why it is important to do this review

The first publication of this Cochrane review was limited to
randomized trials involving patients with type 2 diabetes and
included searches for trials up to September 2000 (Farmer 2001).
The current review includes randomised trials searched up to
September 2006 and diIers to our previous review in the following
respects:

• title was changed from 'fish oil in people with type 2 diabetes
mellitus' to 'Omega-3 polyunsaturated fatty acids (PUFA) for
type 2 diabetes mellitus';

• first author was changed to Janine Hartweg;

• change in outcomes from baseline to end-of-trial was used to
calculate the pooled eIect sizes;

• a further five trials up to 2006 were identified and included in the
analysis;

• two further outcomes are included in addition to those
previously pooled.

We therefore set out to update our previous systematic review of
dietary supplementation using omega-3 PUFA among people with
type 2 diabetes mellitus. Although our primary aim was to identify
trials in which morbidity was studied, we also identified secondary
aims of establishing the extent to which changes in serum lipids and
deterioration in glucose control occurs following omega-3 PUFA
supplementation .

O B J E C T I V E S

To assess the eIects of omega-3 PUFA supplementation on death
and vascular events in people with type 2 diabetes mellitus. We also
wished to establish changes in lipids and whether deterioration in
glucose control occurs.
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M E T H O D S

Criteria for considering studies for this review

Types of studies

Papers of any language were considered. Trials were eligible if
they were randomized placebo or vegetable oil controlled trials
of omega-3 polyunsaturated fatty acids (PUFA) (including cross-
over trials) as the only intervention in participants with type 2
diabetes. As no phase-specific information was available for cross-
over trials, data were used only from the first intervention period to
prevent measurements from the second period being aIected by
eIects carried over from the first intervention period. Where serial
measurement of an outcome was given during the intervention
phase, data were obtained from the final measurement since that
measurement was considered the conclusion of the study. The
eIect of trial design was explored in a sensitivity analysis.

Types of participants

Adults with type 2 diabetes mellitus. The diagnosis of type 2
diabetes among the participants of trials included in the review
was established using the standard criteria valid at the time of the
beginning of the trial.

Types of interventions

Trials in which participants were randomised to any type of
dietary supplementation with omega-3 PUFA were included. No
restrictions were imposed on dose or formulation, although trials
where the eIect of omega-3 PUFA could not be separated from the
eIect of simultaneously applied interventions, such as exercise or
monounsaturated fatty acids, were not included.

No restrictions were placed on the range of compounds used as
controls in the study. Some vegetable oils contain omega-3 PUFA,
or complex fatty acids that might be metabolised to form omega-3
PUFA.

Types of outcome measures

Primary outcomes

• fatal myocardial infarction or sudden cardiac death;

• proven non-fatal myocardial infarction;

• coronary or peripheral revascularization procedures.

Secondary outcomes

• triglycerides

• total cholesterol

• HDL cholesterol

• LDL cholesterol

• VLDL cholesterol

• HbA1c

• fasting glucose

• fasting insulin

• body weight

• adverse eIects

Timing of outcome measurement

Primary outcome measures will require studies of long duration to
yield meaningful results. We anticipated that changes in secondary

outcome measures would develop and remain stable over a short
period of time and so we included studies of any duration,
combining studies of short duration (three to eight weeks) and
medium duration (three to six months).

Search methods for identification of studies

Electronic searches

We searched the specialised register of the former Cochrane
Diabetes Group and the Cochrane Central Register of Controlled
Trials, as well as an electronic literature search of MEDLINE and
EMBASE (from the beginning of each database until April 2007) in
two phases to identify trials involving omega-3.

Our original search was conducted for publications from 1966 to
2000, and the second search was conducted up to 2006 using
a protocol that included the Cochrane Collaboration's search
strategy for randomized controlled trials (Dickersin 1994, adapted
for each database), using a similar search strategy for both phases
(see Appendix 1).

We searched for records in all languages.

The bibliographic sections of all publications of included or
excluded trials were searched for additional trials.

Searching other resources

Dr CR Sirtori (Milan) and Dr E Ryan (Edmonton, Alberta), two
trialists, were consulted in an attempt to identify any other
overlooked, unpublished or ongoing studies. We did not attempt to
contact other authors where the size of the trials was small.

Data collection and analysis

Selection of studies

The titles, abstracts and keywords of every record were retrieved to
determine the relevant trials. Full articles were retrieved for further
assessment if the information given suggested that the trial (1)
included patients with type 2 diabetes mellitus, (2) compared fish
oil with placebo or vegetable oil, (3) assessed one or more clinically
relevant outcome measures, (4) used random allocation for the
comparison groups. When there was any doubt regarding these
criteria from the information given in the title and abstract, the full
article was retrieved for clarification. When diIerences in opinion
existed, these were resolved by consensus referring back to the
original article.

The full articles retrieved were examined independently by the two
investigators to identify relevant trials. Discrepancies were resolved
by consensus.

Data extraction and management

Two reviewers extracted data from the studies independently.
Disagreements were resolved by consensus. The data extraction
form included the type of trial (randomised or cross-over),
type of omega-3 polyunsaturated fatty acids (PUFA) and type
of control (including dose), length of intervention, trial setting,
diabetes diagnosis, baseline characteristics of intervention and
control groups (including age, gender, duration of diabetes, co-
morbidity and complications, and treatment), outcomes assessed
and biochemical outcome data in relation to study duration.
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Assessment of risk of bias in included studies

Two investigators independently assigned quality scores to studies
with discrepancies resolved by consensus. A score developed from
the criteria of Jadad and Schulz (Jadad 1996; Schulz 1995) was used
to assess study quality, which had a possible range from zero to five
with a cutoI of two used to designate studies of high versus low
quality. The criteria used were:

• Was the study randomised? Was the method of randomisation
appropriate?

• Was the study double-blinded? Were the methods of blinding
appropriate?

• Was compliance assessed?

• Were there dropouts and withdrawals and were the numbers
and reasons for withdrawal stated? Did more than 80 percent of
those randomized complete the study?

Kappa values were calculated for inter-rater agreement on quality.

Data synthesis

Extracted data were analyzed using the Cochrane Review Manager
soPware. Quantitative analysis was based on changes in the means
between baseline and endpoint measures. Standard deviation of
the mean diIerence was calculated from the standard deviations
of the mean at the beginning and end of each trial by assuming a
degree of correlation of 0.5 (Rice 1995). Trials were included in the
pooled analysis where change data of the intervention and control
groups could be obtained from calculations of the mean diIerence
and standard deviation (SD).

A fixed-eIect model was used for the pooled results. Where
heterogeneity was indicated in the pooled analysis, a random-
eIects model was applied. EIect sizes are presented as
weighted mean diIerences with 95 percent confidence intervals.
Heterogeneity was assessed using the chi-squared test with the
significance set at a P value of < 0.1. Where serial measurement of
an outcome was given during the intervention phase, comparisons
were made with the final measurement. Where a trial used two
sets of doses, included comparisons of EPA and DHA, or more
than one control group, a sensitivity analysis was carried out to
determine which comparison gave the smallest eIect size (Tramer
1997), which was then included.

Publication bias was evaluated using a funnel plot method (Egger
1997).

Subgroup analysis and investigation of heterogeneity

Subgroup analyses were planned a priori and undertaken for the
following variables:

• length of intervention (less than two months, longer than two
months);

• dose of omega-3 PUFA (more than 2 g eicosapentaenoic acid
(EPA), less than 2 g EPA);

• type of omega-3 PUFA (where EPA or docosahexaenoic acid
(DHA) was given separately, the result which had the smallest
eIect size was included for statistical analysis to prevent sample

• duplication (Tramer 1997);

• baseline triglyceride level (studies including only
hypertriglyceridemic patients, studies including not only
hypertriglyceridemic patients).

Sensitivity analysis

Sensitivity analyses were carried out on:

• quality (two points or less on quality scale (low quality), more
than two points on quality scale (high quality));

• blinding;

• trial design (cross-over versus parallel design studies);

• exclusion of any particularly large study (to see how much they
dominate the results).

R E S U L T S

Description of studies

Results of the search

We identified 886 citations with their abstracts from electronic
searches carried out in 2006, of which 197 were deemed relevant.
One further trial was found from handsearching. These 197
abstracts included 38 publications that described 23 trials which
are further detailed below. Six of the trials were presented in more
than one publication, accounting for 17 of the published papers.

Assessment of publication bias inter-rater agreement

The interrater reliability for the assignment of a quality score was
kappa = 0. 71.

Included studies

Twenty-three trials met inclusion criteria and were included in
the review. The eIect of omega-3 PUFA on glycemic control and
lipid levels was the focus of twenty of the included trials. Two
trials were designed to assess the eIect of omega-3 PUFA on
vascular physiology; however, these investigators also reported
glycemic and lipid endpoints (McGrath 1996; Woodman 2002).
Characteristics of the included trials are tabulated. Vegetable oil
comparison groups included olive oil, saIlower oil and corn oil.

Characteristics of included studies

The 23 trials included twelve parallel group design (Alekseeva
2000; Axelrod 1994; Hendra 1990; Jain 2002; Morgan 1995; Mostad
2006; Pelikanova 1992; Petersen 2002; Silvis 1990; Sirtori 1997;
Westerveld 1993; Woodman 2002) and eleven cross-over trials
(Annuzzi 1991; Boberg 1992; Borkman 1989; Connor 1993; Goh
1997; Luo 1998; McGrath 1996; McManus 1996; Puhakainen 1995;
Schectman 1988; Vessby 1990). The parallel group trials ranged in
duration from three weeks to eight months. The cross-over trials
had phases that ranged in duration from 2 to 24 weeks. None of
the eleven cross-over trials reported phase-specific data. Four trials
had a washout period (3 to 8 weeks in duration) and one of these
looked for but did not find a carry-over eIect (Borkman 1989). Of
the seven trials that did not have a washout period, five looked for
and two found a carry-over eIect (Boberg 1992; McManus 1996).
Five new trials were identified since the first review was conducted
(Alekseeva 2000; Jain 2002; Mostad 2006; Petersen 2002; Woodman
2002).
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Interventions

The dose of omega-3 ranged from 1.08 to 5.2 grams of
eicosapentaenoic acid and 0.3 to 4.8 grams of docosahexaenoic
acid. The omega-3 was usually given in capsules except for one
trial in which a liquid form was used (Pelikanova 1992). The
dose of vegetable oil or placebo was matched to the dose of
omega-3. Although most trials used vegetable oils (including olive
oil, saIlower oil, linseed oil and corn oil) one used saline solution
as a placebo (Pelikanova 1992) and two used diet (Alekseeva 2000;
Jain 2002). In all of the trials omega-3 was added to the diet rather
than being a replacement for some component of the dietary fat
intake, however one trial reduced the high intake of omega-6 in the
patients (Jain 2002).

Participants

A total of 1075 participants were included in the 23 trials.
The individual trial sample size ranged from 8 to 418. The
majority of participants were male and the ages ranged between
21 and 85 years. Most participants had type 2 diabetes of
5 to 10 years duration and were treated with diet or oral
hypoglycemic agents. Few had diabetes-related complications. In
three trials, all participants were hypertriglyceridemic (Connor
1993; Morgan 1995; Vessby 1990). Two other trials included a subset
of hypertriglyceridemic participants and these comprised 46%
(Schectman 1988) and 10% (Luo 1998) of all participants. Individual
study exclusion criteria are outlined in the tables below.

Outcomes

No trials were identified that included the primary outcome
measures of fatal myocardial infarction or sudden cardiac death,
myocardial infarction or coronary revascularization procedures.

Eighteen trials reported data on triglycerides, 17 trials reported
data on total cholesterol, 16 trials reported data on LDL cholesterol,
16 trials reported data on HDL cholesterol, seven trials reported
on VLDL cholesterol that could be pooled for analysis. Eight of
the 10 cross-over trials and eight of the 12 parallel trials reported
on glycated hemoglobin and five had a phase duration of less
than eight weeks (that is less than the time normally required for
HbA1c to stabilize). Of the 23 trials identified in this review, only 18
reported their fasting glucose and six on fasting insulin results in a
way that permitted pooling of data. Ten trials reported on changes
in body weight.

Missing Data

We contacted Dr CR Sirtori in order to clarify details of the Italian
Multicenter Fish Oil Study. We were able to obtain unpublished
information about the inclusion of participants with type 2
diabetes, data about disease duration, the use of oral hypoglycemic
agents and also clarify the issue of duplicate publication by one of
the centres in the multicentre study. We did not attempt to contact
other authors where the size of the trials was small.

Details of missing data from each of the included trials are
described in the tables. One trial (Silvis 1990) reported total
glycated hemoglobin. This measure was converted to HbA1c using
the formula HbA1c=0.61 x (reported glycated Hb) + 2.1 (Nutall 1998;
Fairbanks, personal communication). Four trials (Connor 1993; Jain
2002; Schectman 1988; Sirtori 1997) reported lipid measures in mg/
dl, which were converted to mmol/L (Kratz 1998) and two trials

(Boberg 1992; Vessby 1990) reported only the P value from which
the SD was obtained to calculate the SD of change (Rice 1995).

Excluded studies

One hundred and ninety-seven of 886 citations with their abstracts
identified from the electronic and handsearches were deemed
appropriate for further consideration. One further trial was
found from handsearching. One hundred and sixty-four of the
197 abstracts were excluded because they had multi-factorial
interventions from which the eIect of omega-3 polyunsaturated
fatty acids (PUFA) could not be separated, or did not use omega-3
PUFA derivatives (Adler 1994; Das 1994a; Das 1994b; Das 1995;
Dunstan 1997; Holler 1996; Howard 1987; Lee 1994; Morris 1995;
Okuda 1992; Okuda 1996; Prince 1997; Sirtori 1998; Tonstad
1997; Urano 1991; Zambon 1992), were non-randomised studies
(Friedberg 1998; Herrmann 1992; Kasim 1988; Malasanos 1991;
Schaap 1991; Semplicini 1994; Sheehan 1997; Shunto 1992; Silva
1996; Stender 1990; Zak 1996), included patients without diabetes
or patients with type 1 diabetes (Bonnema 1995; Eritsland 1994;
Fasching 1991; Hamazaki 1990; Lungershausen 1997; Mackness
1994; Rossing 1996; Stacpoole 1989), did not include a placebo arm
(Fasching 1991; Friday 1989; Glauber 1988; Kasim 1988; Mori 2000;
Shimizu 1993; Shimizu 1995), did not include human participants
(Yamada 1995), lacked data or did not report on outcomes that
were relevant to this review. The 12-month follow-up report of
the Italian Multicenter Fish Oil Study (Sirtori 1998) was excluded
because it is a non-randomised non-placebo-controlled addition
to the original trial (Sirtori 1997). The remaining 33 publications
described 23 trials that met the inclusion criteria of this review.

Risk of bias in included studies

The trials could be classified by their quality scores into eleven trials
of equal or less than two points (Alekseeva 2000; Annuzzi 1991;
Borkman 1989; Connor 1993; Hendra 1990; Jain 2002; Morgan 1995;
Pelikanova 1992; Schectman 1988; Silvis 1990; Woodman 2002) and
twelve trials of greater than two points (Axelrod 1994; Boberg 1992;
Goh 1997; Hendra 1990; Luo 1998; McGrath 1996; McManus 1996;
Mostad 2006; Petersen 2002; Sirtori 1997; Vessby 1990; Westerveld
1993).

Allocation

Since randomisation was an inclusion criterion, all trials started
with a score of one. Most of the articles of less than two scores failed
to describe the method of randomisation.

Blinding

An additional point was assigned for the presence of blinding in 19
trials (Axelrod 1994; Boberg 1992; Borkman 1989; Connor 1993; Goh
1997; Hendra 1990; Jain 2002; Luo 1998; McGrath 1996; McManus
1996; Morgan 1995; Mostad 2006; Petersen 2002; Puhakainen
1995; Schectman 1988; Sirtori 1997; Vessby 1990; Westerveld 1993;
Woodman 2002). Most of the articles of low scores failed to describe
the method of blinding. Some failed to mask the odour of the fish
oil supplement aIecting blinding.

Incomplete outcome data

Six trials reported drop-outs or withdrawals (Axelrod 1994; Luo
1998; Mostad 2006; Petersen 2002; Silvis 1990; Woodman 2002).

Omega-3 polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus (Review)
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E=ects of interventions

Primary outcomes

No trials were identified that included the primary outcome
measures of fatal myocardial infarction or sudden cardiac death,
myocardial infarction or coronary revascularization procedures.

Secondary outcomes

As a guide, reference levels of triglycerides are 0.45-1.69 mmol/
L (serum), cholesterol less than 5.17 mmol/L (serum), HDL
cholesterol greater than 0.91 mmol/L (serum), LDL cholesterol less
than 3.36 mmol/L (serum), VLDL cholesterol 0.09 to 0.34 mmol/
L (serum), insulin 35 to 145 pmol/L, HbA1c 3.8% to 6.4%, fasting
plasma glucose 3.9 to 6.1 mmol/L (Kratz 1998).

Eighteen of 23 trials reported data on triglycerides (comparison
01.01) including 969 participants. Omega-3 supplementation was
associated with a mean (pooled weighted mean diIerence)
lowering of plasma triglyceride concentration by 0.45 mmol/
L (95% confidence interval (CI) -0.58 to -0.32) compared to
controls (including a placebo of vegetable oils). This reduction was
statistically significant (P < 0.00001).

Sixteen of 23 trials reported data on total cholesterol (comparison
01.02), in which 953 participants had a statistically non-significant
pooled weighted mean diIerence of -0.02 (95% CI -0.15 to 0.11).
Omega-3 supplementation was not associated with a change in
plasma cholesterol concentration compared to controls (P = 0.72).

Sixteen trials reported data on HDL cholesterol (comparison 01.03)
in 882 participants. Omega-3 supplementation was associated with
an increase in HDL concentration compared to controls, with a
change of 0.02 mmol/L (95% CI -0.01 to 0.06, P = 0.21).

Of 22 trials, 16 reported data on LDL cholesterol (comparison
01.04) including 565 participants. Omega-3 supplementation
was associated with an increase in plasma LDL cholesterol
concentration of 0.11 mmol/L (95% CI 0.00 to 0.22, P = 0.05).

Seven of eight trials reported data that could be pooled on
VLDL cholesterol including 238 participants (comparison 01.05).
Omega-3 supplementation was associated with a decrease in VLDL
concentration compared to controls, a weighted mean diIerence of
-0.07 mmol/L (95% CI -0.13 to 0.00, P = 0.04).

Of the 23 trials included in the review, 15 reported measurements
of glycated haemoglobin (comparison 01.06). The pooled weighted
mean diIerence for HbA1c in 848 participants was -0.01 % (95% CI
-0.03 to 0.01). Omega-3 supplementation was not associated with
a statistically significant mean change in glycated haemoglobin
compared with controls (P = 0.24).

Twenty-one of the 23 trials reported fasting glucose results, of
which only sixteen with 930 participants reported their results in
such a way to enable pooled analysis (comparison 01.07). The
weighted mean diIerence was 0.16 mmol/L (95% CI -0.13 to 0.46, P
= 0.27) showing that omega-3 supplementation did not significantly
change fasting glucose compared to controls.

Fasting insulin was reported by eight trials of which only
six reported data that could be pooled with 529 participants
(comparison 01.08). The pooled results showed a statistically non-
significant reduction, a weighted mean diIerence of -4.19 pmol/L

(95 % CI -13.09 to 4.71, P = 0.36). Compared to controls, omega-3
was not associated with a significant change in fasting insulin.

Ten trials reporting data on weight were pooled (comparison
01.09). Omega-3 PUFA compared with controls was not associated
with a significant weight change, and the weighted mean diIerence
was 0.4 kg (95% CI -3.2 to 4.1, P = 0.82).

Trials did not report the incidence of adverse eIects of nausea,
vomiting, belching, diarrhoea, constipation, eczema, acne or
arrhythmias.

Heterogeneity

The results for the test of heterogeneity for the overall results
(omega-3 versus control in all participants, comparison 01) were
non-significant (P > 0.1) for all outcomes studied, except for the
subgroup analysis on low dose of omega-3 polyunsaturated fatty
acids (PUFA) for VLDL cholesterol. These did not change when
diIerent statistical models were applied.

Subgroup analyses

Subgroup analyses were carried out for outcomes that resulted in
significant results in the overall analysis, that is for triglyceride,
LDL and VLDL cholesterol levels. Results should be regarded as
hypothesis-generating:

Hypertriglyceridemic patients

The pooled weighted mean diIerence for triglycerides in two
trials that recruited 72 hypertriglyceridemic participants was -2.24
mmol/L (95% CI -5.16 to 0.67, P = 0.13), and -0.44 mmol/L
(95% CI -0.58 to -0.32, P < 0.00001) for 16 trials with 897 non-
hypertriglyceridemic participants (comparison 02.01).

Increases in LDL cholesterol levels were statistically non-significant
in two trials with 72 hypertriglyceridemic patients, with a weighted
mean diIerence of 0.40 mmol/L (95% CI -0.26 to 1.06, P = 0.24) using
a fixed-eIect model. The weighted mean diIerence of 14 trials with
493 non-hypertriglyceridemic participants was 0.11 mmol/L (95%
CI 0.00 to 0.22, P = 0.05) (comparison 02.02).

VLDL cholesterol was significantly reduced by 0.53 mmol/L (95% CI
-1.04 to -0.02, P = 0.04) in two trials with 72 hypertriglyceridemic
participants. The pooled weighted mean diIerence of VLDL
cholesterol in five trials with 166 non-hypertriglyceridemic
participants was -0.06 mmol/L (95% CI -0.12 to 0.00, P = 0.06,
comparison 02.03).

Dose of omega-3 PUFA

Comparison 03 shows data from trials with high doses of omega-3
PUFA (more than 2 g eicosapentaenoic acid and docosahexaenoic
acid). Pooled results for triglycerides levels showed a decrease, a
weighted mean diIerence of -0.35 mmol/L (95% CI 0.53 to -0.18,
P < 0.0001) in the pooled analysis of 13 high dose trials with 457
participants, and -0.57 mmol/L (95 % CI -0.77 to -0.37, P < 0.00001)
in five low dose trials of 512 participants.

The increase in LDL cholesterol was 0.11 mmol/L (95% CI -0.01
to 0.23 mmol/L, P = 0.08) in 12 trials with 431 participants that
administered the high doses of omega-3 and also statistically non-
significant in four trials with 134 participants using lower doses,
a weighted mean diIerence of 0.14 mmol/L (95% CI -0.14 to 0.42
mmol/L, P = 0.34) (Comparison 03.02).

Omega-3 polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus (Review)
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For VLDL cholesterol, the weighted mean diIerence was -0.07
mmol/L (95% CI -0.13 to 0.00, P = 0.04) for six high dose trials
including 222 participants, with only one trial using a low dose of
omega-3.

Study duration

Comparison 04 shows data for trials with long (more than two
months) and short (two months and less) trial duration. Triglyceride
levels were reduced, a weighted mean diIerence of -0.58 mmol/L
(95% CI -0.78 to -0.38, P < 0.00001) in six trials of longer duration
with 525 participants and by -0.36 mmol/L (95% CI -0.53 to -0.19
mmol/L, P < 0.0001) in 12 shorter trials with 444 participants
(comparison 04.01).

LDL cholesterol levels increased non-significantly by 0.23 mmol/L
(95% CI -0.07 to 0.52, P = 0.13) in six trials lasting longer than two
months with 192 participants. In 10 trials less than two months
duration with 373 participants, the weighted mean diIerence was
0.12 mmol/L (95% CI 0.00 to 0.23 mmol/L, P = 0.05) aPer omega-3
supplementation compared to controls (comparison 04.02).

The weighted mean diIerence aPer omega-3 supplementation
compared to controls for VLDL cholesterol levels was -0.62 mmol/
L (95% CI -1.11 to -0.13, P = 0.01) in three trials of longer duration
with 88 patients and was -0.06 mmol/L (95% CI -0.12 to 0.01, P =
0.07) in four trials shorter than two months including 150 patients
(comparison 04.03).

Sensitivity analyses

Sensitivity analyses are shown in Appendix 2. For most outcomes
(total cholesterol, HDL cholesterol, triglycerides, HbA1c, fasting
plasma glucose, fasting plasma insulin) the conclusions of the main
analysis were unchanged when

• only studies with a quality score of three or more were included,
or

• when only blinded studies were included, or

• when only parallel design studies were included, or

• when the only large study (Sirtori 1997) was excluded;

• when the statistical model was adjusted.

However, conclusions regarding LDL and VLDL cholesterol levels
were more sensitive to these factors, with increases in LDL
becoming non-significant when only blinded or parallel group
trials were included. Pooled results for VLDL cholesterol were
non-significant when blinded, and parallel designs were included.
Using a random-eIects model for VLDL cholesterol changed the
pooled results to a non-significant weighted mean diIerence
of -0.13 mmol/L (95% CI -0.28 to 0.02, P = 0.08), but did not
change the conclusions with standardised mean diIerences, or
using weighted mean diIerence with a fixed-eIect model. Trials
measuring VLDL cholesterol with low doses of omega-3 PUFA
showed heterogeneity (P = 0.09) using both fixed-eIect or random-
eIects models -0.67 (95 % CI -2.09 to 0.75), P = 0.35). The weighted
mean diIerence for both high and low dose trials were statistically
non-significant, using either a fixed-eIect or random-eIects model,
however with standardized mean diIerence fixed-eIect or random-
eIects models the pooled reductions were significant in trials
only with high doses -0.36 mmol/L (95% CI -0.66 to -0.06, P
= 0.02). In hypertriglyceridaemic patients, using a standardised
mean diIerence fixed-eIect or random eIects model for VLDL-

cholesterol changed the results to -0.43 (95% CI -0.90 to 0.40,
P = 0.07) and -0.36 (95% CI -0.67 to -0.06, P = 0.02) in non-
hypertriglyceridemic patients. For fasting plasma glucose, the
pooled results for trials of shorter duration were significant with
weighted mean diIerence and a fixed-eIect or random-eIects
model (0.55 mmol/L (95% CI 0.02 to 1.08, P = 0.04), but were non-
significant when using standardised mean diIerences (0.17 mmol/
L (95% CI -0.04 to 0.38, P = 0.10).

D I S C U S S I O N

Summary of main results

This systematic review pools 23 randomized controlled trials of
omega-3 supplementation studying a total of 1075 patients with
type 2 diabetes mellitus. None of the trials examined hard clinical
endpoints (such as cardiovascular events or death). In the trials
reviewed, omega-3 supplementation had a statistically significant
triglyceride- and VLDL cholesterol lowering eIect. A statistically
significant increase in LDL cholesterol was noted aPer omega-3
supplementation. LDL was not significantly increased in subgroup
analyses of hypertriglyceridemic patients, high or low omega-3
polyunsaturated fatty acids (PUFA) doses and in trials lasting longer
than two months. Omega-3 supplementation did not result in any
statistically significant increase in fasting glucose, HbA1c, or fasting
insulin. No other adverse eIects were reported.

Overall, the subgroup analyses are diIicult to interpret as up to
50% of the trials included in the hypertriglyceridemia, high dose
and long duration subgroups were identical (that is including
hypertriglyceridemic patients on a high dose of fish oil in a long
trial) (Connor 1993; Morgan 1995), making it therefore diIicult
to determine which of these factors really caused the diIerential
response. Non-hypertriglyceridemia, long study duration and low
doses of omega-3 PUFA may have contributed to a greater
reduction in triglyceride and levels, whereas hypertriglyceridemia
and trials of longer duration may have had a contribution to the
larger reductions in VLDL levels. Subgroup analyses did not indicate
variables that increased in LDL cholesterol levels.

Overall completeness and applicability of evidence

Our data are relevant to clinicians managing patients with
type 2 diabetes. They indicate that, in hypertriglyceridemic
and normotriglyceridemic patients, dietary supplementation with
omega-3 PUFA leads to a modest lowering of triglycerides
without any statistically significant eIect on glycemic control.
The increases in LDL are not significant in hypertriglyceridemic
patients. It is unlikely that omega-3 PUFA will be prescribed in
normotriglyceridemic patients, but our results do not provide
evidence to discourage their use as over-the-counter preparations
provided the formulation has been manufactured to eliminate
undesirable contaminants.
Omega-3 PUFA has been suggested to have beneficial eIects
in other diseases including Crohn's disease, rheumatoid arthritis
and breast, colon and prostate malignancies (Connor 2000), and
our results show that omega-3 PUFA represents a reasonable
therapeutic strategy in hypertriglyceridemic individuals. We are
not aware of any studies that have reported the combination of
omega-3 PUFA with other lipid lowering drugs, and few trials have
compared omega-3 PUFA with fibric acid derivatives (Fasching
1996).

Omega-3 polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus (Review)
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The slight increase in LDL cholesterol seen with the use of
omega-3 PUFA can occur with other triglyceride lowering agents, in
patients without diabetes (Fisher 1998; Ouguerram 2006; Theobald
2004) and is consistent with physiological studies proposing the
mechanism of the LDL increase with omega-3 PUFA (Lindsey 1992;
Schectman 1996; Surette 1992). In addition, large buoyant LDL is
known to be less atherogenic than small dense LDL and this may be
the type of LDL produced in response to omega-3 PUFA (Minihane
2000; Mori 2000; Suzukawa 1995). The impact of omega-3 PUFA
on LDL levels in a larger trial included in this systematic review of
patients with diabetes have not yet been published (Sirtori 1997).

Although the GISSI-Prevenzione trial has published its findings on
the administration of fish oil to 11,324 survivors of myocardial
infarction (GISSI 1999), the analysis for the diabetes sub-group
(15% of participants) has not yet been reported. However, the
findings of reduced triglycerides and an overall beneficial eIect on
survival on the patients surviving myocardial infarction (relative
risk reduction of 10% for the primary endpoint of death, non-fatal
myocardial infarction and stroke) are encouraging.

Quality of the evidence

Several methodological challenges were encountered in the course
of this review. Eleven of 23 trials used a cross-over design and
phase-specific data were not available for any of these. For pooling
results from cross-over and parallel group design studies, ideally,
individual patient data or at least phase-specific data should be
available. In the absence of these data, three approaches are
possible. The first is not to analyse data from cross-over studies.
The second is to pool parallel group design and cross-over trials
separately. The third is to treat first phase data from cross-
over studies as coming from parallel group design studies, pool
these with data from parallel group design studies and look for
heterogeneity in the analysis. We adopted the latter approach and
our sensitivity analysis did not show any association between study
design and direction or magnitude of eIect. Use of the cross-
over design to study omega-3 PUFA supplementation has other
potential drawbacks. Omega-3 PUFA is incorporated into biologic
membranes and presumably would require washout periods of
appropriate duration to minimize any carryover eIect. In our
review, only four of the 11 cross-over studies had a washout period.
Despite these limitations, the main findings of the review were

similar if cross-over studies were included or excluded from the
analysis.

Another methodological problem is the use of HbA1c as an outcome
measure in trials of short duration. Glycated haemoglobin or HbA1c
provide an integrated measure of glycemic control over a period
of approximately 12 weeks. The use of such measurements in
studies of short duration will underestimate any eIects on glycemic
control. This may have occurred in several trials included in this
review (see tables).

The random-eIects model was used where the studies were
suIiciently diIerent to assume some level of heterogeneity that
could have been ignored in a fixed-eIect model, but except for VLDL
cholesterol, the conclusions did not change when the results were
analyzed with either model.

It is interesting to compare the current systematic review with that
of Friedberg et al. (Friedberg 1998). Despite the diIerences in design
of that review to Farmer et al (Farmer 2001) and our current review,
the findings of the two reviews are similar and are in keeping with
the results of the largest trial performed in this area (Sirtori 1997).

Potential biases in the review process

The subgroup and sensitivity analyses require elaboration to
undertake a more comprehensive comparison between groups
with diIerent characteristics. This will be addressed in a further
publication.

Limitations of our systematic review include the limited number
of trials with emerging cardiovascular risk markers as outcomes,
and small trial sizes with a median of 23 participants. Another
significant limitation of our study is the shorter duration of
the included trials. Some trials did not describe methods of
randomisation or blinding so that the degree of rigor with which
they were conducted was not clear. It was not possible to
pool all the identified outcomes because of non-standardised
measurement units, and non-reporting of changes in outcomes.
The findings from the funnel plot analysis (Figure 1) may indicate
bias in reporting, selection or methodology of the trials. However,
we included trials reported in any language to reduce selection and
language bias, and an assessment was made of the quality of the
trials.
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Figure 1.

 

A U T H O R S '   C O N C L U S I O N S

Implications for practice

In hypertriglyceridemic patients, dietary supplementation with
omega-3 PUFA leads to a modest lowering of triglycerides without
any clinically significant eIect on glycemic control, and omega-3
polyunsaturated fatty acids (PUFA) may represent a reasonable
therapeutic strategy in these individuals.

Implications for research

A recent review included patients with diabetes as part of a high
risk group analysis, but also included non-randomised control trials
(Balk 2004). Three previous systematic reviews have evaluated
the eIect of omega-3 PUFA on cardiovascular events, lipid and
glycemic markers in type 2 diabetes (Farmer 2001; Friedberg 1998;
Montori 2000). However, we considered lipid cardiovascular risk
factors beyond these markers, and used changes in the mean from
baseline to the end of the trial in the pooled analysis. We have also
identified more recent randomised trials.

The slight increase in LDL cholesterol seen with the use of
fish oil represents a cause for concern and long-term studies
assessing hard cardiovascular endpoints in patients with diabetes
are needed. In conclusion, our systematic review demonstrates
the diIiculties of existing trial designs. Rigorously designed
and conducted randomised controlled trials are required, using
standardised units measuring both established and emerging
cardiovascular risk markers in type 2 diabetes, to enable more
conclusive pooled analyses and improve the precision of the
eIect size estimates. Larger trials of longer duration would
conclusively establish the role and mechanisms of omega-3 PUFA
in cardiovascular disease risk reduction in type 2 diabetes. One trial
sub-group analysis awaits reporting (GISSI 1999), and four such
end-point trials are in progress (AFORRD 2004; ASCEND 2005; Galan
2003; ORIGIN 2005).
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Characteristics of included studies [ordered by study ID]

 

Methods DESIGN: 
Parallel 
DURATION: 
4 weeks 
BLINDING: No

Participants 60 patients with type 2 diabetes (30 in each arm); 30 patients in a further treatment arm receiving lin-
seed oil measuring lipid markers 
EXCLUSION CRITERIA: Diabetes confirmed diagnosis less than 1 year

Interventions 0.9 g of eicosapentaenoic acid plus 1.4 g of docosahexaenoic acid in codliver oil vs standard diet with
15g/d sunflower oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides, LDL cholesterol, HDL and VLDL cholesterol 
MARKERS OF OXIDATION: Diene conjugates, melonaldehyde

Notes Quality score: 1 
Trial divided into diet groups, with standard diet as controls, and 2 treatment groups of fish oil and lin-
seed oil

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk D - Not used

Alekseeva 2000 
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Methods DESIGN: Crossover 
DURATION: 2 weeks per phase 
BLINDING: no

Participants 8 male patients with type 2 diabetes 
EXCLUSION CRITERIA: renal/liver failure

Interventions 1.8 g of eicosapentaenoic acid plus 
1.2 g of docosahexaenoic acid 
VERSUS 
10 g of olive oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides; only final HDL and LDL cholesterol, and final HDL, LDL
and VLDL subfractions 
GLUCOSE PROFILE: only final fasting plasma glucose, postprandial glucose, fasting insulin, insulin sen-
sitivity index

Notes Quality score: 2

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Annuzzi 1991 

 
 

Methods DESIGN: Parallel 
DURATION: 6 weeks 
BLINDING: yes

Participants 20 ambulatory participants (10 in each arm, 9 in each arm for final analysis) with type 2 diabetes 
COMPLICATIONS/CO-MORBIDITY: macro/micro vascular complications (22%) 
DROP-OUTS: 2 patients - colon cancer, non-compliance 
EXCLUSION CRITERIA: bleeding, anemia, steroids, poorly controlled diabetes, proliferative retinopa-
thy, medication with aspirin, NSAIDS

Interventions 1.1 g of eicosapentaenoic acid plus 
1.5 g of docosahexaenoic acid 
VERSUS 
5 g of safflower oil

Outcomes Baseline - 
LIPID PROFILE: total cholesterol, triglycerides, HDL and LDL cholesterol 
GLUCOSE PROFILE: fasting plasma glucose, HbA1c 
OTHER: weight, blood pressure

% of change and p-value - 
LIPID PROFILE: total cholesterol, triglycerides 
GLUCOSE PROFILE: HbA1c 
OTHER: systolic blood pressure, platelet aggregation, thromboxanes

Notes Quality score: 5 
Only % of change and p-values available

Axelrod 1994 
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Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Axelrod 1994  (Continued)

 
 

Methods DESIGN: Crossover 
DURATION: 8 weeks per phase 
BLINDING: yes

Participants 14 participants (86% male) with type 2 diabetes 
COMPLICATIONS/CO-MORBIDITY: 43% hypertension, 7% coronary artery disease. 
EXCLUSION CRITERIA: renal and liver failure, hypothyroidism

Interventions 1.8 g of eicosapentaenoic acid plus 
1.2 g of docosahexaenoic acid 
VERSUS 
10 g of olive oil

Outcomes LIPID PROFILE: triglycerides, LDL and VLDL cholesterol, apolipoproteins, LDL:HDL ratio 
GLUCOSE PROFILE: HbA1c 
OTHER: plasminogen activator inhibitor

only % change, no p-value: 
LIPID PROFILE: total cholesterol, HDL cholesterol 
GLUCOSE PROFILE: fasting plasma glucose, fasting insulin, insulin sensitivity index, 
OTHER: Factor VIIc, Fibrinogen

Notes Quality score: 3 
Only least-square means, % of change an p-values are provided

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Boberg 1992 

 
 

Methods DESIGN: Crossover 
DURATION: 3 weeks per phase with a 3 week run-in and 3 week wash-out periods 
BLINDING: yes

Participants 10 participants (70% male, 57±6.3 years old) with mild type 2 diabetes for 3.5±2.8 years of disease. (7 in
the final analysis for HDL and LDL). 
COMPLICATIONS/CO-MORBIDITY: 20% hypertension, 10% coronary artery disease. 
EXCLUSION CRITERIA: renal or liver failure, microvascular disease

Interventions 1.8 g of eicosapentaenoic acid plus 
1.2 g of docosahexaenoic acid 
VERSUS 

Borkman 1989 
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10 g of safflower oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL and LDL cholesterol 
GLUCOSE PROFILE: fasting plasma glucose, fasting insulin, insulin sensitivity, C-peptide 
OTHER: weight

Notes Quality score: 2 
Blinding was invalid: 80% of participants were able to identify the capsules with fish oil. Investigators
remained blind.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Borkman 1989  (Continued)

 
 

Methods DESIGN: Crossover 
DURATION: 24 weeks per phase with 3 month run-in diet intervention 
BLINDING: yes

Participants 16 participants (81% male, 58.7±8 years-old) with type 2 diabetes 
COMPLICATIONS/CO-MORBIDITY: hypertriglyceridemia 
EXCLUSION CRITERIA: none

Interventions 4.1 g of eicosapentaenoic acid plus 
1.9 g of docosahexaenoic acid 
VERSUS 
15 g of olive oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL, VLDL and LDL cholesterol 
GLUCOSE PROFILE: fasting plasma glucose, HbA1c, C-peptide 
OTHER: weight

Notes Quality score: 2 
The reported SEM is most probably a SD

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Connor 1993 

 
 

Methods DESIGN: Crossover 
DURATION: 12 weeks of follow-up without washout period 
BLINDING: yes

Participants 28 people with type 2 diabetes were divided into a low polyunsaturated/saturated fat and a high
polyunsaturated/saturated fat diet group. Each group was then randomized to each crossover arm. 
EXCLUSION CRITERIA: heart disease, medication with lipid lowering agent

Goh 1997 

Omega-3 polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

19



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Interventions 1.4 g of eicosapentaenoic acid plus 
0.88 g of docosahexaenoic acid 
VERSUS 
35 mg/kg per day of linseed oil

Outcomes LIPID PROFILE: total cholesterol, HDL cholesterol: only baseline; complete record for triglycerides, LDL
cholesterol 
GLUCOSE PROFILE: fasting plasma glucose, HbA1c, insulin, C-peptide

Notes Quality score: 3 
Trial divided into diet groups, with high and low doses, and two control groups. Results reported per
group.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Goh 1997  (Continued)

 
 

Methods DESIGN: Parallel 
DURATION: 6 weeks 
BLINDING: yes

Participants 80 people (40 in each group, 56±1.3 years old) with type 2 diabetes 
COMPLICATIONS/CO-MORBIDITY: micro/macro vascular complications (70% of the intervention group
had microvascular complications compared with 42.5% in control group; 35% in control group had
coronary artery disease compared with 7.5% in fish oil group). 
EXCLUSION CRITERIA: pregnant, oral contraceptive pills, hypercholesterolemia, recent heart attack or
stroke

Interventions 1.8 g of eicosapentaenoic acid plus 
1.2 g of docosahexaenoic acid 
VERSUS 
10 g of olive oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL and LDL cholesterol 
GLUCOSE PROFILE: fasting plasma glucose, HbA1 change not reported 
OTHER: blood pressure, factor VII, factor X, fibrinogen, thromboxane, platelet aggregation, clotting
time

Notes Quality score: 3

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Hendra 1990 

 
 

Methods DESIGN: Parallel 
DURATION: 6 weeks 

Jain 2002 
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BLINDING: yes

Participants 65 people with type 2 diabetes (34 with vascular complications and 31 without) and 30 controls with-
out type 2 diabetes. 40 of the patients with type 2 diabetes (66% male) were randomized to 25 in the
treatment group and 15 in the control arm ( 52.3±8.8 years old and 5.41±4.31 years mean duration of di-
abetes) 
CO-MORBIDITIES/COMPLICATIONS: 16% neuropathy, 18% nephropathy, 20% retinopathy, 15% is-
chaemic heart disease 
EXCLUSION CRITERIA: Anti-oxidant medication, obese, smokers

Interventions 1.8g of eicosapentaenoic acid and 1.2 g of docosahexaenoic acid with 53.6 mg Vit E vs 4g corn oil (1g oil
with 13.4mg Vit E) and both groups were prescribed dietary modifications according to WHO guidelines
of fat intake

Outcomes LIPID PROFILE: 
total cholesterol, LDL and HDL cholesterol, triglycerides 
GLUCOSE PROFILE: HbA1c, fasting and postprandial glucose 
OTHER: blood pressure, lipid peroxides, diene conjugates, glutathione, weight (only baseline data
shown)

Notes Quality score: 2

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Jain 2002  (Continued)

 
 

Methods DESIGN: Crossover 
DURATION: 2 months run in, 2 months per period with 2 months of wash-out 
BLINDING: yes

Participants 12 male participants (54±9.5 years old) with 6±3.2 years of type 2 diabetes, not on insulin 
COMPLICATIONS/CO-MORBIDITY: 20% hypertension and 10% hyperlipidemia, 
DROP-OUTS: 10 completed the protocol 
EXCLUSION CRITERIA: hepatic disease, renal failure, thyroid and gastrointestinal disorders

Interventions 1.08 g of eicosapentaenoic acid plus 
0.72 g of docosahexaenoic acid 
VERSUS 
6 g of sunflower oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL and LDL cholesterol, HDL subfractions, Lipopro-
teins, Apolipoproteins 
GLUCOSE PROFILE: fasting plasma glucose, HbA1c, insulin 
OTHER: weight, GLUT 4, HSL and LPL expression (end values not given)

Notes Quality score: 4

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Luo 1998 
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Methods DESIGN: Crossover 
DURATION: 6 weeks per phase with a 6 week wash-out period 
BLINDING: yes

Participants 23 participants (87% male) with type 2 diabetes 
EXCLUSION CRITERIA: renal failure, cerebrovascular disease, coronary artery disease, peripheral vas-
cular disease, hypertension, cardiovascular drugs, lipid-lowering agents or vitamin intake.

Interventions 1.8 g of eicosapentaenoic acid plus 
1.2 g of docosahexaenoic acid 
VERSUS 
10 g of olive oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL and LDL cholesterol, LDL, HDL and VLDL subfrac-
tions, apolipoproteins, lipid ratios 
GLUCOSE PROFILE: fasting plasma glucose, HBA1c 
OTHER: melonaldehyde, forearm blood flow, blood pressure, heart rate, cardiac output, stroke vol-
ume, platelet adhesion

Notes Quality score: 3 
Data completed from McVeigh 1993 and 1994 report

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

McGrath 1996 

 
 

Methods DESIGN: Crossover 
DURATION: 3 months 
BLINDING: yes

Participants 11 participants (61.8±9.6 years old, 73% male) with 7.7±6.9 years of well-controlled type 2 diabetes 
COMPLICATIONS/CO-MORBIDITY: 36% obese 
EXCLUSION CRITERIA: medication with insulin or lipid-lowering agents

Interventions 1.8 g of eicosapentaenoic acid plus 
1.2 g of docosahexaenoic acid 
VERSUS 
35 mg/kg of linseed oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL and LDL cholesterol 
GLUCOSE PROFILE: fasting plasma glucose, HbA1c, fasting insulin 
OTHER: weight

Notes Quality score: 4, but allocation was predictable

Risk of bias

Bias Authors' judgement Support for judgement

McManus 1996 
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Allocation concealment? Low risk A - Adequate

McManus 1996  (Continued)

 
 

Methods DESIGN: Parallel 
DURATION: 4 weeks of run-in, 12 weeks of intervention, 4 weeks of post-ingestion phase 
BLINDING: yes

Participants 40 participants (50% males, mean age 54 years with 7-10 years of diabetes) with hypertriglyceridemia
and well-controlled type 2 diabetes. They were divided into 4 groups: 2 doses of fish oil and 2 doses of
placebo (10 patients per group). 
COMPLICATIONS/CO-MORBIDITY: hypertriglyceridemia; the intervention group had a greater weight. 
EXCLUSION CRITERIA: none

Interventions Low dose: 
2.6 g of eicosapentaenoic acid plus 
2.4 g of docosahexaenoic acid 
High dose: 5.2 g of eicosapentaenoic acid plus 
4.8 g of docosahexaenoic acid 
VERSUS 
9 or 18 g of corn oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL, LDL and VLDL cholesterol at 6 and 12 weeks of in-
tervention 
GLUCOSE PROFILE: fasting plasma glucose, HbA1c 
OTHER: weight, blood pressure

Notes Quality score: 3 
in final analysis all fish oil doses are reported together

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Morgan 1995 

 
 

Methods DESIGN: Parallel 
DURATION: 9 weeks

Participants 27 participants (13 in the fish oil arm, and 14 in the placeob arm, 55% male, aged 40 to 75 years) 
EXCLUSION CRITERIA: previous use of supplement with fish oil or marine n-3 fatty acids less than 6
months before baseline, insulin treatment, hypertriglyceridemia >2.2 mmol/L, proliferative retinopa-
thy, pregnancy or lactation, allergy to fish or citrus, smoking, alcoholism, congestive heart failure or
other serious diseases

Interventions 1.8 g of eicosapentaenoic acid plus 3 g decosahexaenoic acid with 60 mg/d Vitamin C and 51 mg/d Vita-
min E vs 8,5 g linoleic acid with 58 mg/d Vitamin C and 52 mg/d Vitamin E

Outcomes LIPID PROFILE: Total cholesterol, LDL, HDL, triglycerides, energy metabolism, leptin and glucagon hor-
mones GLUCOSE PROFILE: insulin, fasting plasma glucose, HbA1c, C-peptide, insulin sensitivity, glu-
cose utlisation, ketones

Mostad 2006 
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Notes Quality score: 5 
1 Participant was excluded from the final analysis of the fish oil group due to early withdrawal

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Mostad 2006  (Continued)

 
 

Methods DESIGN: Parallel 
DURATION: 4 weeks run-in, 3 weeks of intervention 
BLINDING: no

Participants 20 (10 in each arm) male participants with type 2 diabetes 
EXCLUSION CRITERIA: obesity, hypertriglyceridemia, renal or liver failure

Interventions 15 cc (3 g) of fish oil VERSUS 
15 cc of saline

Outcomes LIPID PROFILE: total cholesterol, triglycerides 
GLUCOSE PROFILE: fasting plasma glucose, 2 h post-prandial glucose, HbA1c. 
OTHER: plasma immunoreactive insulin after meal, C peptide given as area under the curve

Notes Quality score: 2

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Pelikanova 1992 

 
 

Methods DESIGN: Parallel 
DURATION: 8 weeks 
BLINDING: yes

Participants 49 participants (62% male) with type 2 diabetes (20 in the treatment and 22 in the control arm in one
publication and 23 in treatment and 21 in controls in another publication) with ± 9.5 years duration of
diabetes, aged 33 to 85 years. COMPLICATIONS/CO-MORBIDITY: hypertriglyceridemia 
PARTICIPANTS WITHDRAWN: 
7 (1 hospitalised, 1 gained weight during run-in phase, 1 had pneumonia, 3 had raised C-reactive pro-
tein in plasma, 1 was not fasting at blood sampling) 
EXCLUSION CRITERIA: Diabetes diagnosis of less than 2 years, age of onset less than 30 years, fasting
plasma less than 1.5 mmol/L, use of lipid-lowering drugs, use of dietary supplementation with fish oil/
garlic, more than 5 drinks of alcohol a day, hormone replacement therapy

Interventions 2.6g eicosapentaenoic and docosahexaenoic acid with 53.6mg Vit E vs 4g corn oil (1g oil with 13.4mg Vit
E)

Outcomes LIPID PROFILE: 

Petersen 2002 
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total cholesterol, triglycerides, LDL and HDL cholesterol, LDL and HDL subfractions, Lipid ratios 
GLUCOSE PROFILE: 
plasma glucose, HbA1c 
OTHER: Diene Conjugates (values not given)

Notes Quality score: 3 
Glucose profile was taken from Pedersen 2003, with 23 in treatment arm and 21 in controls

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Petersen 2002  (Continued)

 
 

Methods DESIGN: Crossover 
DURATION: 6 weeks per phase without washout period 
BLINDING: yes

Participants 9 community-dwelling participants (44% male, 53±4 years old) with type 2 diabetes 
COMPLICATIONS/CO-MORBIDITY: obesity 
EXCLUSION CRITERIA: macro or microvascular complications, liver or renal failure, bleeding or insulin
requirement, hypothyroidism

Interventions 2.16 g of eicosapentaenoic acid plus 
1.44 g of docosahexaenoic acid 
VERSUS 
12 g of corn plus olive oil (6 g each)

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL , LDL and VLDL cholesterol, HDL, LDL and VLDL sub-
fractions 
GLUCOSE PROFILE: fasting plasma glucose, HbA1c 
OTHER: weight

Notes Quality score: 3

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Puhakainen 1995 

 
 

Methods DESIGN: Crossover 
DURATION: 4 weeks per phase (low dose) with 4 weeks of washout in between phases. At the end all
participants received the high dose fish oil. 
BLINDING: yes

Participants 13 participants (69% males, 52±14.4 years old) with type 2 diabetes 
COMPLICATIONS/CO-MORBIDITY: 46% with hypertriglyceridemia, 46% hypertension, 15% coronary
artery disease 

Schectman 1988 
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EXCLUSION CRITERIA: liver failure, renal failure, hypothyroidism, poorly controlled diabetes, medica-
tion with lipid-lowering agents

Interventions Low dose: 
2.6 g of eicosapentaenoic acid plus 
1.4 g of docosahexaenoic acid 
VERSUS 
12 g of safflower oil

High dose: (non-randomized) 5.0 g of eicosapentaenoic acid plus 
2.5 g of docosahexaenoic acid

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL, LDL and VLDL cholesterol, VLDL triglycerides, lipid
ratios, apolipoproteins 
GLUCOSE PROFILE: fasting plasma glucose, 2 h post-prandial glucose, glycated hemoglobin, C-peptide

Notes Quality score: 2 
Information is provided for both low and high dose phases. High dose phase is not randomized

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Schectman 1988  (Continued)

 
 

Methods DESIGN: Parallel 
DURATION: 8 weeks for each phase with 8 weeks of washout 
BLINDING: no

Participants 63 participants with type 2 diabetes (not well controlled (HbA1c 9-11), 32-46% male, Black, age 54±10
years) randomized to placebo (21, analyzed 18 in phase II), first fish oil then fiber (24, analyzed 21 in
phase II) and first fiber then fish oil (18, analyzed 17 in phase II) 
COMPLICATIONS/CO-MORBIDITY: 52-67% hypertension 
EXCLUSION CRITERIA: none 
Ranges given refer to data for the different comparison groups

Interventions 1.4 g of eicosapentaenoic acid plus 
0.3 g of docosahexaenoic acid 
VERSUS 
12 g of olive oil

Outcomes LIPID PROFILE: total cholesterol, triglycerides, HDL cholesterol reported at initial 4 weeks and initial 8
weeks, HDL:TC ratio 
GLUCOSE PROFILE: HbA1c 
OTHER: Factor VII, Fibrinogen, Bleeding and clotting time, weight

Notes Quality score: 1 
Although described as crossover, this is really a parallel study between fish oil and placebo and be-
tween fiber and placebo, but the fiber and fish oil groups cross over. A subgroup received extra vitamin
E. Measurements were given at weeks 4 and 8 for phases I and II. For the pooled analyses, data from the
Fiber group was used as control when data for placebo group was not available. Only data from phase I
taken for all analyses.

Risk of bias

Silvis 1990 
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Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Silvis 1990  (Continued)

 
 

Methods DESIGN: Parallel 
DURATION: 8 months 
BLINDING: yes

Participants 935 participants of whom 418 had type 2 diabetes divided into 211 for control and 207 for fish oil (203
finished - Intention to treat used). 
Control group: 58.8±8.9 years old, 62% male 
Intervention: 58.2±9 years old, 62% male 
COMPLICATIONS/CO-MORBIDITY: hyperlipidemia 
EXCLUSION CRITERIA: obesity, malabsortion, duodenal ulcer, noncompliance or unreliable, epilep-
sy, alcoholism, insulin use, unstable angina or recent heart attack, severe hypertension, severe dyslipi-
demia

Interventions 1.5 g of eicosapentaenoic acid plus 
1.0 g of docosahexaenoic acid for 2 months, then 
1.0 g of eicosapentaenoic acid plus 
0.7 g of docosahexaenoic acid for 6 months 
VERSUS 
3 g olive oil for 24 weeks

Outcomes LIPID PROFILE: total cholesterol, HDL, LDL and VLDL cholesterol, triglycerides, LDL:HDL ratio, lipopro-
tein and heparin lipases, lipid subfractions , composition and particle size 
GLUCOSE PROFILE: fasting plasma glucose, HbA1c, fasting insulin 
OTHER: Blood pressure

Notes Quality score: 4 Lipid subfractions, particle sizes, ratios measured in subgroup of 16 participants. Wait-
ing for author's submission of LDL data

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Sirtori 1997 

 
 

Methods DESIGN: Crossover 
DURATION: 8 weeks per phase, without washout period 
BLINDING: yes

Participants 14 participants with type 2 diabetes (78% males, ages 39-72) 
COMPLICATIONS/CO-MORBIDITY: hyperlipidemia 
EXCLUSION CRITERIA: medication with lipid lowering agents

Interventions 1.8 g of eicosapentaenoic acid plus 
1.2 g of docosahexaenoic acid 
VERSUS 

Vessby 1990 
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10 g olive oil

Outcomes LIPID PROFILE: total cholesterol, HDL and LDL cholesterol, triglycerides, VLDL, LDL and HDL-triglyc-
erides, Lipid ratios, Apolipoproteins 
GLUCOSE PROFILE: fasting plasma glucose, HbA1c 
OTHER: blood pressure, melonaldehyde, serum insulin after glucagon IV infusion, C-peptide, weight
(data not given)

Notes Quality score: 2 
Least-square means are presented, % change and p-values given

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Vessby 1990  (Continued)

 
 

Methods DESIGN: Parallel 
DURATION: 8 weeks 
BLINDING: yes

Participants 24 participants (62.5% male) with type 2 diabetes divided into three groups of 8 
EXCLUSION CRITERIA: liver or renal failure, bleeding, cardiovascular disorder in last 3 months, insulin
use

Interventions Low dose: 0.9 g eicosapentaenoic acid 
High dose: 1.8 g eicosapentaenoic acid 
VERSUS 
1.6 g olive oil

Outcomes LIPID PROFILE: baseline total cholesterol and triglycerides, complete LDL cholesterol record for fish oil
group in high dose, apolipoprotein A and B and plasma Lp (a) (data not given) 
GLUCOSE PROFILE: HbA1c 
OTHER: weight (no SD and no p-value for placebo group), platelet aggregation, platelet adhesion, plas-
ma viscosity, bleeding time, fibrinogen (data not shown for any of these)

Notes Quality score: 4 
Least-square means are presented

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Westerveld 1993 

 
 

Methods DESIGN: Parallel 
DURATION: 6 weeks 
BLINDING: yes

Woodman 2002 
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Participants 59 participants with type 2 diabetes, (39 men and 12 women; age 61.2±1.2 years; duration of diabetes
5.2±4.8 years). 17 were randomized to eicosapentaenoic acid, 18 to docosahexaenoic acid, and 16 in
the placebo arm DROP-OUTS: 8 
COMPLICATIONS/CO-MORBIDITIES: All had hypertension 
EXCLUSION CRITERIA: Smokers, non-hypertensive, 
pre-menopausal participants, diagnosis less than 3 months, insulin use, more than 2 fish meals per
week or supplementation, symptomatic heart disease, myocardial infarction, stroke, liver or renal dis-
ease, symptomatic autonomic neuropathy, regular use of non-steroidal anti-inflammatory drugs, re-
cent major surgery

Interventions 4g eicosapentaenoic acid or 4g docosahexaenoic acid vs 4g olive oil

Outcomes LIPID PROFILE: 
total cholesterol, triglycerides, LDL and HDL cholesterol, HDL2 and HDL3 cholesterol 
GLUCOSE PROFILE: 
HbA1c, fasting glucose, fasting insulin, insulin sensitivity index, C-peptide 
OTHER: F2 Isoprostanes, von Willebrand factor, blood flow, blood pressure, heart rate, interleuken-6,
tumor-necrosis factor-alpha, C-reactive protein, P-selectin, plasminogen activator inhibitor-1, tissue
plasminogen activator, thromboxane B2 and platelet aggregation (calculated as area under the curve),
weight (change data not given)

Notes Quality score: 3 
Trial divided into diet groups, with EPA and DHA treatment groups compared to olive oil

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? High risk C - Inadequate

Woodman 2002  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Adler 1994 Did not assess fish oil supplementation

Bonnema 1995 Participants not all diabetic or had type 1 diabetes

Das 1994a Not a randomized trial

Das 1994b Not a randomized trial

Das 1995 Not a randomized trial

Dunstan 1997 Did not assess fish oil supplementation

Eritsland 1994 Participants not all diabetic or had type 1 diabetes

Fasching 1991 Participants not all diabetic or had type 1 diabetes 
No placebo arm included

Friedberg 1998 A meta-analysis

Hamazaki 1990 Participants not all diabetic or had type 1 diabetes. Also a before and after comparison
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Study Reason for exclusion

Herrmann 1992 Not a randomized trial

Holler 1996 Did not assess fish oil supplementation

Howard 1993 Did not assess fish oil supplementation and was a non-randomized study

Kasim 1988 Not a randomized trial

Lee 1994 Did not assess fish oil supplementation

Lungershausen 1997 Participants not all diabetic or had type 1 diabetes

Mackness 1994 Participants not all diabetic or had type 1 diabetes

Malasanos 1991 Not a randomized trial

Morris 1995 Did not assess fish oil supplementation - although included fish oil

Okuda 1992 Before and after comparison

Okuda 1996 Before and after comparison

Prince 1997 Not a randomized trial

Rossing 1996 Participants not all diabetic or had type 1 diabetes

Schaap 1991 Not a randomized trial

Semplicini 1994 Not a randomized trial

Sheehan 1997 Not a randomized trial

Shimizu 1993 No placebo arm included

Shimizu 1995 No placebo arm included

Shunto 1992 Not a randomized trial

Silva 1996 Not a randomized trial

Sirtori 1998 Non-randomized extension of previous study

Stacpoole 1989 Participants not all diabetic or had type 1 diabetes

Stender 1990 Not a randomized study

Tonstad 1997 Did not assess fish oil supplementation - a non-randomized trial

Urano 1991 Did not assess fish oil supplementation

Yamada 1995 Did not include human participants

Zak 1996 Not a randomized study

Zambon 1992 Did not assess fish oil supplementation
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Omega-3 versus placebo

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Triglycerides (mmol/l) 18 969 Mean Difference (IV, Fixed, 95% CI) -0.45 [-0.58, -0.32]

2 Total cholesterol (mmol/
l)

16 953 Mean Difference (IV, Fixed, 95% CI) -0.02 [-0.15, 0.11]

3 HDL cholesterol (mmol/l) 16 882 Mean Difference (IV, Fixed, 95% CI) 0.02 [-0.01, 0.06]

4 LDL cholesterol (mmol/l) 16 565 Mean Difference (IV, Fixed, 95% CI) 0.11 [0.00, 0.22]

5 VLDL cholesterol (mmol/
l)

7 238 Mean Difference (IV, Fixed, 95% CI) -0.07 [-0.13, -0.00]

6 HbA1c (%) 15 848 Mean Difference (IV, Fixed, 95% CI) -0.01 [-0.03, 0.01]

7 Fasting glucose (mmol/l) 16 930 Mean Difference (IV, Fixed, 95% CI) 0.16 [-0.13, 0.46]

8 Fasting insulin (pmol/l) 6 529 Mean Difference (IV, Fixed, 95% CI) -4.19 [-13.09, 4.71]

9 Weight (kg) 10 296 Mean Difference (IV, Fixed, 95% CI) 0.43 [-3.22, 4.07]

 
 

Analysis 1.1.   Comparison 1 Omega-3 versus placebo, Outcome 1 Triglycerides (mmol/l).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Alekseeva 2000 30 -0.7 (1) 30 -0.3 (1.6) 3.82% -0.4[-1.07,0.27]

Borkman 1989 10 -0.1 (0.9) 10 0 (1) 2.62% -0.15[-0.95,0.65]

Connor 1993 16 -2 (10.1) 16 0.2 (11.6) 0.03% -2.2[-9.75,5.35]

Goh 1997 28 -0.6 (1.4) 28 0.3 (1.7) 2.53% -0.86[-1.68,-0.04]

Hendra 1990 37 -1 (1.5) 37 0.2 (1.3) 3.99% -1.2[-1.85,-0.55]

Jain 2002 25 -0.4 (0.4) 15 -0 (0.5) 16.64% -0.39[-0.71,-0.07]

Luo 1998 10 -0.6 (1) 10 -0.5 (1.1) 2.01% -0.15[-1.07,0.77]

McGrath 1996 23 -0.4 (0.9) 23 -0.2 (0.8) 7.34% -0.2[-0.68,0.28]

McManus 1996 11 -0.5 (1.3) 11 0.1 (1.4) 1.31% -0.62[-1.76,0.52]

Morgan 1995 20 -1.5 (2.9) 20 0.8 (6.6) 0.17% -2.25[-5.41,0.91]

Mostad 2006 12 0 (0.8) 14 -0 (1.1) 3.07% 0.01[-0.73,0.75]

Pelikanova 1992 10 -0 (0.9) 10 -0.1 (0.7) 3.58% 0.07[-0.62,0.76]

Petersen 2002 20 -0.5 (1.1) 22 -0 (2.3) 1.47% -0.5[-1.57,0.57]

Puhakainen 1995 9 -1.4 (1.8) 9 -0.8 (1.6) 0.68% -0.58[-2.15,0.99]

Schectman 1988 13 -0.5 (0.8) 13 0.1 (0.9) 3.76% -0.6[-1.27,0.07]

Silvis 1990 24 -0.3 (0.6) 21 0 (1.4) 4.03% -0.36[-1.01,0.29]

Sirtori 1997 175 -0.7 (1) 174 -0.1 (1.2) 33.65% -0.6[-0.82,-0.38]

Woodman 2002 17 -0.2 (0.7) 16 -0.1 (0.6) 9.29% -0.17[-0.6,0.26]

Favours treatment 42-4 -2 0 Favours control
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

   

Total *** 490   479   100% -0.45[-0.58,-0.32]

Heterogeneity: Tau2=0; Chi2=17.09, df=17(P=0.45); I2=0.54%  

Test for overall effect: Z=6.74(P<0.0001)  

Favours treatment 42-4 -2 0 Favours control

 
 

Analysis 1.2.   Comparison 1 Omega-3 versus placebo, Outcome 2 Total cholesterol (mmol/l).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Alekseeva 2000 30 -0.6 (1.1) 30 -0.3 (1.1) 5.44% -0.33[-0.89,0.23]

Borkman 1989 10 -0.1 (0.9) 10 -0.2 (1) 2.46% 0.12[-0.71,0.95]

Connor 1993 16 0.2 (4.3) 16 0.2 (4.8) 0.17% -0.07[-3.22,3.08]

Hendra 1990 37 0 (0.9) 37 0.2 (1.8) 4.1% -0.2[-0.84,0.44]

Jain 2002 25 -0.1 (0.8) 15 -0 (1.2) 3.58% -0.09[-0.78,0.6]

Luo 1998 10 -0 (1) 10 -0.4 (1.4) 1.51% 0.41[-0.64,1.46]

McGrath 1996 23 0 (1.1) 23 0 (1.1) 4.58% 0[-0.61,0.61]

McManus 1996 11 -0.2 (0.9) 11 0 (1) 2.75% -0.2[-0.98,0.58]

Morgan 1995 20 0.1 (0.9) 20 0.3 (1.2) 3.89% -0.18[-0.84,0.48]

Pelikanova 1992 10 0.2 (1.1) 10 -0.1 (0.9) 2.24% 0.27[-0.6,1.14]

Petersen 2002 20 -0 (0.9) 22 -0.1 (1.1) 4.75% 0.07[-0.53,0.67]

Puhakainen 1995 9 -0.5 (0.9) 9 -0.4 (0.9) 2.38% -0.07[-0.91,0.77]

Schectman 1988 13 0.1 (1.1) 13 -0.5 (1) 2.76% 0.54[-0.24,1.32]

Silvis 1990 24 -0.2 (1.2) 21 0.1 (1.2) 3.38% -0.32[-1.03,0.39]

Sirtori 1997 203 -0 (1) 211 -0 (1) 48.76% -0.01[-0.2,0.18]

Woodman 2002 18 0.1 (0.7) 16 0 (0.7) 7.26% 0.03[-0.45,0.51]

   

Total *** 479   474   100% -0.02[-0.15,0.11]

Heterogeneity: Tau2=0; Chi2=5.96, df=15(P=0.98); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

Favours treatment 42-4 -2 0 Favours control

 
 

Analysis 1.3.   Comparison 1 Omega-3 versus placebo, Outcome 3 HDL cholesterol (mmol/l).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Alekseeva 2000 30 0 (0.4) 30 0.1 (0.2) 4.55% -0.06[-0.23,0.11]

Borkman 1989 7 0 (0.1) 7 -0 (0.1) 13.3% 0.04[-0.06,0.14]

Connor 1993 16 0 (0.6) 16 0 (0.5) 0.82% -0.03[-0.42,0.36]

Hendra 1990 37 0 (0.3) 37 0.1 (0.4) 4.52% -0.1[-0.27,0.07]

Jain 2002 25 0.2 (0.6) 15 -0 (0.4) 1.42% 0.26[-0.04,0.56]

Luo 1998 10 0 (0.2) 10 -0.1 (0.3) 2.46% 0.14[-0.08,0.36]

McGrath 1996 23 0 (0.5) 23 -0 (0.4) 1.87% 0.06[-0.2,0.32]

McManus 1996 11 0.1 (0.2) 11 -0 (0.2) 4.44% 0.09[-0.08,0.26]

Morgan 1995 20 -0 (0.4) 20 -0 (0.3) 2.59% -0.04[-0.26,0.18]

Mostad 2006 12 0.1 (0.3) 14 0.1 (0.3) 2.64% 0[-0.22,0.22]

Petersen 2002 20 0.1 (0.3) 22 -0 (0.3) 5.21% 0.07[-0.08,0.22]

Favours treatment 10.5-1 -0.5 0 Favours control
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Puhakainen 1995 9 0 (0.2) 9 0 (0.2) 3.23% -0.01[-0.21,0.19]

Schectman 1988 13 -0 (0.3) 13 0 (0.3) 2.58% -0.06[-0.28,0.16]

Silvis 1990 24 -0 (0.4) 21 0.2 (0.3) 3.12% -0.2[-0.4,-0]

Sirtori 1997 173 0.1 (0.3) 171 0 (0.3) 44.45% 0.04[-0.01,0.09]

Woodman 2002 17 0 (0.4) 16 0 (0.2) 2.77% 0[-0.21,0.21]

   

Total *** 447   435   100% 0.02[-0.01,0.06]

Heterogeneity: Tau2=0; Chi2=14.11, df=15(P=0.52); I2=0%  

Test for overall effect: Z=1.24(P=0.21)  

Favours treatment 10.5-1 -0.5 0 Favours control

 
 

Analysis 1.4.   Comparison 1 Omega-3 versus placebo, Outcome 4 LDL cholesterol (mmol/l).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Alekseeva 2000 30 0.1 (0.4) 30 -0 (0.2) 53.23% 0.1[-0.05,0.25]

Borkman 1989 7 -0.1 (0.6) 7 -0.2 (0.6) 3.12% 0.16[-0.46,0.78]

Connor 1993 16 0.8 (3.3) 16 0.1 (3.2) 0.23% 0.72[-1.54,2.98]

Goh 1997 28 0.2 (0.8) 28 0 (0.9) 6.09% 0.13[-0.31,0.57]

Hendra 1990 37 0.3 (1.1) 37 0.1 (1.1) 4.8% 0.2[-0.3,0.7]

Jain 2002 25 -0.1 (0.7) 15 -0 (0.8) 5.23% -0.09[-0.57,0.39]

Luo 1998 10 0.4 (0.7) 10 0.2 (1) 2.35% 0.18[-0.53,0.89]

McGrath 1996 23 0.4 (1.5) 23 0.2 (1.5) 1.63% 0.25[-0.61,1.11]

McManus 1996 11 -0 (0.9) 11 -0 (0.9) 2.09% -0.02[-0.78,0.74]

Morgan 1995 20 0.4 (0.8) 20 0 (1.4) 2.5% 0.37[-0.32,1.06]

Mostad 2006 12 0 (1) 14 -0 (1) 2.04% 0.03[-0.74,0.8]

Petersen 2002 20 0.1 (0.7) 22 0.1 (0.8) 5.66% 0.06[-0.4,0.52]

Puhakainen 1995 9 0.1 (0.8) 9 -0.1 (0.9) 1.96% 0.2[-0.58,0.98]

Schectman 1988 13 0.1 (1.1) 13 -0.5 (1) 1.88% 0.57[-0.23,1.37]

Sirtori 1997 8 0.4 (1.2) 8 -0.1 (0.9) 1.06% 0.49[-0.57,1.55]

Woodman 2002 17 0 (0.8) 16 0.1 (0.5) 6.12% -0.04[-0.48,0.4]

   

Total *** 286   279   100% 0.11[0,0.22]

Heterogeneity: Tau2=0; Chi2=4.28, df=15(P=1); I2=0%  

Test for overall effect: Z=2(P=0.05)  

Favours treatment 42-4 -2 0 Favours control

 
 

Analysis 1.5.   Comparison 1 Omega-3 versus placebo, Outcome 5 VLDL cholesterol (mmol/l).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Alekseeva 2000 30 -0 (0.2) 30 0 (0.1) 88.32% -0.05[-0.12,0.02]

Connor 1993 16 -0.7 (3.4) 16 0.1 (3.9) 0.06% -0.8[-3.31,1.71]

McGrath 1996 23 -0.2 (0.5) 23 -0.1 (0.5) 5.45% -0.16[-0.43,0.11]

Morgan 1995 20 -0.3 (0.6) 20 0.2 (1) 1.5% -0.52[-1.04,-0]

Puhakainen 1995 9 -0.5 (0.6) 9 -0.3 (0.6) 1.45% -0.29[-0.82,0.24]

Schectman 1988 13 -0.1 (0.5) 13 -0.1 (0.5) 3.08% -0.02[-0.38,0.34]

Favours treatment 42-4 -2 0 Favours control
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Sirtori 1997 8 -1.3 (2) 8 0.4 (1.6) 0.13% -1.7[-3.47,0.07]

   

Total *** 119   119   100% -0.07[-0.13,-0]

Heterogeneity: Tau2=0; Chi2=7.98, df=6(P=0.24); I2=24.83%  

Test for overall effect: Z=2.11(P=0.04)  

Favours treatment 42-4 -2 0 Favours control

 
 

Analysis 1.6.   Comparison 1 Omega-3 versus placebo, Outcome 6 HbA1c (%).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Connor 1993 16 1.3 (3) 16 0.6 (2.6) 0.01% 0.7[-1.23,2.63]

Jain 2002 25 -0.2 (1.1) 15 -0 (0.6) 0.1% -0.13[-0.66,0.4]

Luo 1998 10 -0.1 (1.8) 10 0.3 (1.8) 0.01% -0.4[-1.95,1.15]

McGrath 1996 23 0.3 (3) 23 0.1 (2.6) 0.01% 0.2[-1.41,1.81]

McManus 1996 11 0 (0) 11 0 (0) 99.26% -0.01[-0.03,0.01]

Morgan 1995 20 0.4 (1.6) 20 0.2 (1.9) 0.02% 0.2[-0.88,1.28]

Mostad 2006 12 0 (0.7) 14 -0 (1.1) 0.06% 0.02[-0.67,0.71]

Pelikanova 1992 10 -0.7 (1.4) 10 -0.6 (1.4) 0.02% -0.05[-1.28,1.18]

Petersen 2002 23 0 (1.3) 21 0 (1.9) 0.03% -0.02[-0.99,0.95]

Puhakainen 1995 9 -1.4 (1.8) 9 -0.8 (1.6) 0.01% -0.58[-2.13,0.97]

Schectman 1988 13 0.6 (1.3) 13 0.5 (1.4) 0.02% 0.1[-0.95,1.15]

Silvis 1990 24 -0.1 (2.4) 18 -0.1 (2.5) 0.01% -0.02[-1.52,1.48]

Sirtori 1997 203 -0.2 (1.6) 211 -0.2 (1.5) 0.3% 0.05[-0.25,0.35]

Westerveld 1993 16 0.1 (2.7) 8 0.1 (2.9) 0% 0[-2.37,2.37]

Woodman 2002 18 -0.1 (0.8) 16 -0.1 (0.6) 0.13% -0.05[-0.52,0.42]

   

Total *** 433   415   100% -0.01[-0.03,0.01]

Heterogeneity: Tau2=0; Chi2=1.91, df=14(P=1); I2=0%  

Test for overall effect: Z=1.17(P=0.24)  

Favours fish oil 42-4 -2 0 Favours control

 
 

Analysis 1.7.   Comparison 1 Omega-3 versus placebo, Outcome 7 Fasting glucose (mmol/l).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Alekseeva 2000 30 -1.5 (2.7) 30 -1.4 (4.4) 2.54% -0.12[-1.97,1.73]

Borkman 1989 7 1 (1.8) 7 0.8 (1.8) 2.33% 0.2[-1.73,2.13]

Connor 1993 16 1 (12) 16 0.6 (11.3) 0.13% 0.34[-7.74,8.42]

Hendra 1990 37 1.3 (4.8) 37 0.5 (4.1) 2.08% 0.8[-1.24,2.84]

Jain 2002 25 -0.9 (2) 15 -0.3 (1.3) 8.42% -0.54[-1.55,0.47]

Luo 1998 10 0.2 (3.2) 10 -0.3 (3.4) 1.04% 0.49[-2.4,3.38]

McGrath 1996 23 1.2 (3.9) 23 0.8 (3.7) 1.78% 0.4[-1.81,2.61]

McManus 1996 11 0.6 (2.6) 11 0.3 (2.4) 1.96% 0.3[-1.8,2.4]

Morgan 1995 20 1.2 (3.4) 20 0.8 (3.5) 1.9% 0.4[-1.74,2.54]

Mostad 2006 12 0 (1.1) 14 0 (2.3) 4.86% 0.03[-1.31,1.37]

Pelikanova 1992 10 -0.1 (2.2) 10 -0.6 (2.2) 2.31% 0.55[-1.39,2.49]

Favours fish oil 42-4 -2 0 Favours control
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Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Petersen 2002 23 0.6 (2.5) 21 0.4 (3.1) 3.09% 0.2[-1.47,1.87]

Puhakainen 1995 9 0.3 (3) 9 0.4 (3.3) 1.01% -0.1[-3.03,2.83]

Schectman 1988 13 0 (1.9) 13 0.1 (2.1) 3.62% -0.06[-1.61,1.49]

Sirtori 1997 203 -0.1 (2.1) 211 -0.2 (2.1) 53.66% 0.11[-0.29,0.51]

Woodman 2002 18 0.6 (1.1) 16 -0.4 (1.7) 9.28% 0.96[-0.01,1.93]

   

Total *** 467   463   100% 0.16[-0.13,0.46]

Heterogeneity: Tau2=0; Chi2=5.45, df=15(P=0.99); I2=0%  

Test for overall effect: Z=1.09(P=0.27)  

Favours fish oil 42-4 -2 0 Favours control

 
 

Analysis 1.8.   Comparison 1 Omega-3 versus placebo, Outcome 8 Fasting insulin (pmol/l).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Borkman 1989 7 6 (45.1) 7 8 (41.6) 3.83% -2[-47.46,43.46]

Luo 1998 10 -1 (20.7) 10 -15 (35.2) 12.35% 14[-11.32,39.32]

McManus 1996 11 -10.7 (20.4) 11 -9 (20.5) 27.17% -1.7[-18.77,15.37]

Mostad 2006 12 -7 (79.5) 14 0 (57.1) 2.71% -7[-61.03,47.03]

Sirtori 1997 203 -3.9 (58.5) 211 8.1 (74.7) 47.62% -12[-24.9,0.9]

Woodman 2002 17 2.2 (50) 16 -6.1 (53.6) 6.31% 8.31[-27.13,43.75]

   

Total *** 260   269   100% -4.19[-13.09,4.71]

Heterogeneity: Tau2=0; Chi2=3.97, df=5(P=0.55); I2=0%  

Test for overall effect: Z=0.92(P=0.36)  

Favours treatment 10050-100 -50 0 Favours control

 
 

Analysis 1.9.   Comparison 1 Omega-3 versus placebo, Outcome 9 Weight (kg).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Alekseeva 2000 30 -4.8 (18.7) 30 -4.9 (25.5) 10.37% 0.1[-11.21,11.41]

Borkman 1989 7 0.5 (13.9) 7 1.2 (13.9) 6.27% -0.7[-15.25,13.85]

Connor 1993 16 1.1 (45.4) 16 1 (45) 1.35% 0.1[-31.22,31.42]

Luo 1998 10 -2 (12.7) 10 -2 (12.7) 10.8% 0[-11.09,11.09]

Morgan 1995 20 0 (16.4) 20 -1 (11.2) 17.57% 1[-7.69,9.69]

Mostad 2006 12 0.8 (17) 14 -0.1 (11.8) 10.16% 0.9[-10.53,12.33]

Petersen 2002 23 0.6 (15.1) 21 1 (14.9) 16.85% -0.4[-9.28,8.48]

Puhakainen 1995 9 1 (17.9) 9 0.4 (18.3) 4.75% 0.6[-16.12,17.32]

Schectman 1988 13 1.4 (13.2) 13 0.3 (13.3) 12.79% 1.1[-9.09,11.29]

Sirtori 1997 8 1 (14.1) 8 0 (10.2) 9.09% 1[-11.08,13.08]

   

Total *** 148   148   100% 0.43[-3.22,4.07]

Heterogeneity: Tau2=0; Chi2=0.11, df=9(P=1); I2=0%  

Test for overall effect: Z=0.23(P=0.82)  

Favours fish oil 10050-100 -50 0 Favours control
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Comparison 2.   Fish oil versus placebo (subgroups triglyceride levels)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Triglycerides (mmol/l) 18 969 Mean Difference (IV, Fixed,
95% CI)

-0.45 [-0.58, -0.32]

1.1 Hypertriglyceridemic patients (con-
trol triglycerides > 4 mmol/l)

2 72 Mean Difference (IV, Fixed,
95% CI)

-2.24 [-5.16, 0.67]

1.2 Non-hypertriglyceridemic patients
(control triglycerides < 4 mmol/l)

16 897 Mean Difference (IV, Fixed,
95% CI)

-0.44 [-0.57, -0.31]

2 LDL cholesterol (mmol/l) 16 565 Mean Difference (IV, Fixed,
95% CI)

0.11 [0.00, 0.22]

2.1 Hypertriglyceridemic patients (con-
trol triglycerides > 4 mmol/l)

2 72 Mean Difference (IV, Fixed,
95% CI)

0.40 [-0.26, 1.06]

2.2 Non-hypertriglyceridemic patients
(control triglycerides < 4 mmol/l)

14 493 Mean Difference (IV, Fixed,
95% CI)

0.10 [-0.01, 0.21]

3 VLDL cholesterol (mmol/l) 7 238 Mean Difference (IV, Fixed,
95% CI)

-0.07 [-0.13, -0.00]

3.1 Hypertriglyceridemic patients (con-
trol triglycerides >4mmol/l)

2 72 Mean Difference (IV, Fixed,
95% CI)

-0.53 [-1.04, -0.02]

3.2 Non-hypertriglyceridemic patients
(control triglycerides < 4 mmol/l)

5 166 Mean Difference (IV, Fixed,
95% CI)

-0.06 [-0.12, 0.00]

 
 

Analysis 2.1.   Comparison 2 Fish oil versus placebo (subgroups
triglyceride levels), Outcome 1 Triglycerides (mmol/l).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.1.1 Hypertriglyceridemic patients (control triglycerides > 4 mmol/l)  

Connor 1993 16 -2 (10.1) 16 0.2 (11.6) 0.03% -2.2[-9.75,5.35]

Morgan 1995 20 -1.5 (2.9) 20 0.8 (6.6) 0.17% -2.25[-5.41,0.91]

Subtotal *** 36   36   0.2% -2.24[-5.16,0.67]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=1.51(P=0.13)  

   

2.1.2 Non-hypertriglyceridemic patients (control triglycerides < 4 mmol/l)  

Borkman 1989 10 -0.1 (0.9) 10 0 (1) 2.62% -0.15[-0.95,0.65]

Goh 1997 28 -0.6 (1.4) 28 0.3 (1.7) 2.53% -0.86[-1.68,-0.04]

Hendra 1990 37 -1 (1.5) 37 0.2 (1.3) 3.99% -1.2[-1.85,-0.55]

Luo 1998 10 -0.6 (1) 10 -0.5 (1.1) 2.01% -0.15[-1.07,0.77]

McGrath 1996 23 -0.4 (0.9) 23 -0.2 (0.8) 7.34% -0.2[-0.68,0.28]

McManus 1996 11 -0.5 (1.3) 11 0.1 (1.4) 1.31% -0.62[-1.76,0.52]

Pelikanova 1992 10 -0 (0.9) 10 -0.1 (0.7) 3.58% 0.07[-0.62,0.76]

Favours fish oil 42-4 -2 0 Favours control
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Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Puhakainen 1995 9 -1.4 (1.8) 9 -0.8 (1.6) 0.68% -0.58[-2.15,0.99]

Schectman 1988 13 -0.5 (0.8) 13 0.1 (0.9) 3.76% -0.6[-1.27,0.07]

Silvis 1990 24 -0.3 (0.6) 21 0 (1.4) 4.03% -0.36[-1.01,0.29]

Alekseeva 2000 30 -0.7 (1) 30 -0.3 (1.6) 3.82% -0.4[-1.07,0.27]

Jain 2002 25 -0.4 (0.4) 15 -0 (0.5) 16.64% -0.39[-0.71,-0.07]

Mostad 2006 12 0 (0.8) 14 -0 (1.1) 3.07% 0.01[-0.73,0.75]

Petersen 2002 20 -0.5 (1.1) 22 -0 (2.3) 1.47% -0.5[-1.57,0.57]

Sirtori 1997 175 -0.7 (1) 174 -0.1 (1.2) 33.65% -0.6[-0.82,-0.38]

Woodman 2002 17 -0.2 (0.7) 16 -0.1 (0.6) 9.29% -0.17[-0.6,0.26]

Subtotal *** 454   443   99.8% -0.44[-0.57,-0.31]

Heterogeneity: Tau2=0; Chi2=15.63, df=15(P=0.41); I2=4.04%  

Test for overall effect: Z=6.68(P<0.0001)  

   

Total *** 490   479   100% -0.45[-0.58,-0.32]

Heterogeneity: Tau2=0; Chi2=17.09, df=17(P=0.45); I2=0.54%  

Test for overall effect: Z=6.74(P<0.0001)  

Test for subgroup differences: Chi2=1.46, df=1 (P=0.23), I2=31.52%  

Favours fish oil 42-4 -2 0 Favours control

 
 

Analysis 2.2.   Comparison 2 Fish oil versus placebo (subgroups
triglyceride levels), Outcome 2 LDL cholesterol (mmol/l).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.2.1 Hypertriglyceridemic patients (control triglycerides > 4 mmol/l)  

Connor 1993 16 0.8 (3.3) 16 0.1 (3.2) 0.23% 0.72[-1.54,2.98]

Morgan 1995 20 0.4 (0.8) 20 0 (1.4) 2.5% 0.37[-0.32,1.06]

Subtotal *** 36   36   2.74% 0.4[-0.26,1.06]

Heterogeneity: Tau2=0; Chi2=0.08, df=1(P=0.77); I2=0%  

Test for overall effect: Z=1.19(P=0.24)  

   

2.2.2 Non-hypertriglyceridemic patients (control triglycerides < 4 mmol/l)  

Borkman 1989 7 -0.1 (0.6) 7 -0.2 (0.6) 3.12% 0.16[-0.46,0.78]

Goh 1997 28 0.2 (0.8) 28 0 (0.9) 6.09% 0.13[-0.31,0.57]

Hendra 1990 37 0.3 (1.1) 37 0.1 (1.1) 4.8% 0.2[-0.3,0.7]

Luo 1998 10 0.4 (0.7) 10 0.2 (1) 2.35% 0.18[-0.53,0.89]

McGrath 1996 23 0.4 (1.5) 23 0.2 (1.5) 1.63% 0.25[-0.61,1.11]

McManus 1996 11 -0 (0.9) 11 -0 (0.9) 2.09% -0.02[-0.78,0.74]

Puhakainen 1995 9 0.1 (0.8) 9 -0.1 (0.9) 1.96% 0.2[-0.58,0.98]

Alekseeva 2000 30 0.1 (0.4) 30 -0 (0.2) 53.23% 0.1[-0.05,0.25]

Jain 2002 25 -0.1 (0.7) 15 -0 (0.8) 5.23% -0.09[-0.57,0.39]

Mostad 2006 12 0 (1) 14 -0 (1) 2.04% 0.03[-0.74,0.8]

Petersen 2002 20 0.1 (0.7) 22 0.1 (0.8) 5.66% 0.06[-0.4,0.52]

Schectman 1988 13 0.1 (1.1) 13 -0.5 (1) 1.88% 0.57[-0.23,1.37]

Sirtori 1997 8 0.4 (1.2) 8 -0.1 (0.9) 1.06% 0.49[-0.57,1.55]

Woodman 2002 17 0 (0.8) 16 0.1 (0.5) 6.12% -0.04[-0.48,0.4]

Subtotal *** 250   243   97.26% 0.1[-0.01,0.21]

Heterogeneity: Tau2=0; Chi2=3.44, df=13(P=1); I2=0%  

Test for overall effect: Z=1.82(P=0.07)  

Favours fish oil 42-4 -2 0 Favours control
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Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

   

Total *** 286   279   100% 0.11[0,0.22]

Heterogeneity: Tau2=0; Chi2=4.28, df=15(P=1); I2=0%  

Test for overall effect: Z=2(P=0.05)  

Test for subgroup differences: Chi2=0.75, df=1 (P=0.39), I2=0%  

Favours fish oil 42-4 -2 0 Favours control

 
 

Analysis 2.3.   Comparison 2 Fish oil versus placebo (subgroups
triglyceride levels), Outcome 3 VLDL cholesterol (mmol/l).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.3.1 Hypertriglyceridemic patients (control triglycerides >4mmol/l)  

Connor 1993 16 -0.7 (3.4) 16 0.1 (3.9) 0.06% -0.8[-3.31,1.71]

Morgan 1995 20 -0.3 (0.6) 20 0.2 (1) 1.5% -0.52[-1.04,-0]

Subtotal *** 36   36   1.56% -0.53[-1.04,-0.02]

Heterogeneity: Tau2=0; Chi2=0.05, df=1(P=0.83); I2=0%  

Test for overall effect: Z=2.05(P=0.04)  

   

2.3.2 Non-hypertriglyceridemic patients (control triglycerides < 4 mmol/l)  

Alekseeva 2000 30 -0 (0.2) 30 0 (0.1) 88.32% -0.05[-0.12,0.02]

McGrath 1996 23 -0.2 (0.5) 23 -0.1 (0.5) 5.45% -0.16[-0.43,0.11]

Puhakainen 1995 9 -0.5 (0.6) 9 -0.3 (0.6) 1.45% -0.29[-0.82,0.24]

Schectman 1988 13 -0.1 (0.5) 13 -0.1 (0.5) 3.08% -0.02[-0.38,0.34]

Sirtori 1997 8 -1.3 (2) 8 0.4 (1.6) 0.13% -1.7[-3.47,0.07]

Subtotal *** 83   83   98.44% -0.06[-0.12,0]

Heterogeneity: Tau2=0; Chi2=4.68, df=4(P=0.32); I2=14.58%  

Test for overall effect: Z=1.86(P=0.06)  

   

Total *** 119   119   100% -0.07[-0.13,-0]

Heterogeneity: Tau2=0; Chi2=7.98, df=6(P=0.24); I2=24.83%  

Test for overall effect: Z=2.11(P=0.04)  

Test for subgroup differences: Chi2=3.25, df=1 (P=0.07), I2=69.27%  

Favours treatment 42-4 -2 0 Favours control

 
 

Comparison 3.   Fish oil versus placebo (subgroups dose)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Triglycerides (mmol/l) 18 969 Mean Difference (IV, Fixed, 95% CI) -0.45 [-0.58, -0.32]

1.1 High dose (> 2 g/d omega-3
PUFA)

13 457 Mean Difference (IV, Fixed, 95% CI) -0.35 [-0.53, -0.18]

1.2 Low dose (< 2 g/d omega-3
PUFA)

5 512 Mean Difference (IV, Fixed, 95% CI) -0.57 [-0.77, -0.37]

Omega-3 polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus (Review)
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2 LDL cholesterol (mmol/l) 16 565 Mean Difference (IV, Random, 95%
CI)

0.11 [0.00, 0.22]

2.1 High dose (> 2 g/d omega-3
PUFA)

12 431 Mean Difference (IV, Random, 95%
CI)

0.11 [-0.01, 0.23]

2.2 Low dose (< 2 g/d omega-3
PUFA)

4 134 Mean Difference (IV, Random, 95%
CI)

0.14 [-0.14, 0.42]

3 VLDL cholesterol (mmol/l) 7 238 Mean Difference (IV, Fixed, 95% CI) -0.07 [-0.13, -0.00]

3.1 High dose (> 2g/d omega-3
PUFA)

6 222 Mean Difference (IV, Fixed, 95% CI) -0.07 [-0.13, -0.00]

3.2 Low dose (< 2g/d omega-3
PUFA)

1 16 Mean Difference (IV, Fixed, 95% CI) -1.70 [-3.47, 0.07]

 
 

Analysis 3.1.   Comparison 3 Fish oil versus placebo (subgroups dose), Outcome 1 Triglycerides (mmol/l).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.1.1 High dose (> 2 g/d omega-3 PUFA)  

Alekseeva 2000 30 -0.7 (1) 30 -0.3 (1.6) 3.82% -0.4[-1.07,0.27]

Borkman 1989 10 -0.1 (0.9) 10 0 (1) 2.62% -0.15[-0.95,0.65]

Connor 1993 16 -2 (10.1) 16 0.2 (11.6) 0.03% -2.2[-9.75,5.35]

Hendra 1990 37 -1 (1.5) 37 0.2 (1.3) 3.99% -1.2[-1.85,-0.55]

Jain 2002 25 -0.4 (0.4) 15 -0 (0.5) 16.64% -0.39[-0.71,-0.07]

McGrath 1996 23 -0.4 (0.9) 23 -0.2 (0.8) 7.34% -0.2[-0.68,0.28]

McManus 1996 11 -0.5 (1.3) 11 0.1 (1.4) 1.31% -0.62[-1.76,0.52]

Morgan 1995 20 -1.5 (2.9) 20 0.8 (6.6) 0.17% -2.25[-5.41,0.91]

Mostad 2006 12 0 (0.8) 14 -0 (1.1) 3.07% 0.01[-0.73,0.75]

Pelikanova 1992 10 -0 (0.9) 10 -0.1 (0.7) 3.58% 0.07[-0.62,0.76]

Puhakainen 1995 9 -1.4 (1.8) 9 -0.8 (1.6) 0.68% -0.58[-2.15,0.99]

Schectman 1988 13 -0.5 (0.8) 13 0.1 (0.9) 3.76% -0.6[-1.27,0.07]

Woodman 2002 17 -0.2 (0.7) 16 -0.1 (0.6) 9.29% -0.17[-0.6,0.26]

Subtotal *** 233   224   56.3% -0.35[-0.53,-0.18]

Heterogeneity: Tau2=0; Chi2=12.71, df=12(P=0.39); I2=5.61%  

Test for overall effect: Z=3.99(P<0.0001)  

   

3.1.2 Low dose (< 2 g/d omega-3 PUFA)  

Goh 1997 28 -0.6 (1.4) 28 0.3 (1.7) 2.53% -0.86[-1.68,-0.04]

Luo 1998 10 -0.6 (1) 10 -0.5 (1.1) 2.01% -0.15[-1.07,0.77]

Petersen 2002 20 -0.5 (1.1) 22 -0 (2.3) 1.47% -0.5[-1.57,0.57]

Silvis 1990 24 -0.3 (0.6) 21 0 (1.4) 4.03% -0.36[-1.01,0.29]

Sirtori 1997 175 -0.7 (1) 174 -0.1 (1.2) 33.65% -0.6[-0.82,-0.38]

Subtotal *** 257   255   43.7% -0.57[-0.77,-0.37]

Heterogeneity: Tau2=0; Chi2=1.78, df=4(P=0.78); I2=0%  

Test for overall effect: Z=5.67(P<0.0001)  

   

Favours fish oil 105-10 -5 0 Favours control
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Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Total *** 490   479   100% -0.45[-0.58,-0.32]

Heterogeneity: Tau2=0; Chi2=17.09, df=17(P=0.45); I2=0.54%  

Test for overall effect: Z=6.74(P<0.0001)  

Test for subgroup differences: Chi2=2.6, df=1 (P=0.11), I2=61.55%  

Favours fish oil 105-10 -5 0 Favours control

 
 

Analysis 3.2.   Comparison 3 Fish oil versus placebo (subgroups dose), Outcome 2 LDL cholesterol (mmol/l).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

3.2.1 High dose (> 2 g/d omega-3 PUFA)  

Alekseeva 2000 30 0.1 (0.4) 30 -0 (0.2) 53.23% 0.1[-0.05,0.25]

Borkman 1989 7 -0.1 (0.6) 7 -0.2 (0.6) 3.12% 0.16[-0.46,0.78]

Connor 1993 16 0.8 (3.3) 16 0.1 (3.2) 0.23% 0.72[-1.54,2.98]

Hendra 1990 37 0.3 (1.1) 37 0.1 (1.1) 4.8% 0.2[-0.3,0.7]

Jain 2002 25 -0.1 (0.7) 15 -0 (0.8) 5.23% -0.09[-0.57,0.39]

McGrath 1996 23 0.4 (1.5) 23 0.2 (1.5) 1.63% 0.25[-0.61,1.11]

McManus 1996 11 -0 (0.9) 11 -0 (0.9) 2.09% -0.02[-0.78,0.74]

Morgan 1995 20 0.4 (0.8) 20 0 (1.4) 2.5% 0.37[-0.32,1.06]

Mostad 2006 12 0 (1) 14 -0 (1) 2.04% 0.03[-0.74,0.8]

Puhakainen 1995 9 0.1 (0.8) 9 -0.1 (0.9) 1.96% 0.2[-0.58,0.98]

Schectman 1988 13 0.1 (1.1) 13 -0.5 (1) 1.88% 0.57[-0.23,1.37]

Woodman 2002 17 0 (0.8) 16 0.1 (0.5) 6.12% -0.04[-0.48,0.4]

Subtotal *** 220   211   84.84% 0.11[-0.01,0.23]

Heterogeneity: Tau2=0; Chi2=3.69, df=11(P=0.98); I2=0%  

Test for overall effect: Z=1.76(P=0.08)  

   

3.2.2 Low dose (< 2 g/d omega-3 PUFA)  

Goh 1997 28 0.2 (0.8) 28 0 (0.9) 6.09% 0.13[-0.31,0.57]

Luo 1998 10 0.4 (0.7) 10 0.2 (1) 2.35% 0.18[-0.53,0.89]

Petersen 2002 20 0.1 (0.7) 22 0.1 (0.8) 5.66% 0.06[-0.4,0.52]

Sirtori 1997 8 0.4 (1.2) 8 -0.1 (0.9) 1.06% 0.49[-0.57,1.55]

Subtotal *** 66   68   15.16% 0.14[-0.14,0.42]

Heterogeneity: Tau2=0; Chi2=0.55, df=3(P=0.91); I2=0%  

Test for overall effect: Z=0.95(P=0.34)  

   

Total *** 286   279   100% 0.11[0,0.22]

Heterogeneity: Tau2=0; Chi2=4.28, df=15(P=1); I2=0%  

Test for overall effect: Z=2(P=0.05)  

Test for subgroup differences: Chi2=0.04, df=1 (P=0.85), I2=0%  

Favours fish oil 42-4 -2 0 Favours control

 
 

Analysis 3.3.   Comparison 3 Fish oil versus placebo (subgroups dose), Outcome 3 VLDL cholesterol (mmol/l).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.3.1 High dose (> 2g/d omega-3 PUFA)  

Favours treatment 105-10 -5 0 Favours control
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Alekseeva 2000 30 -0 (0.2) 30 0 (0.1) 88.32% -0.05[-0.12,0.02]

Connor 1993 16 -0.7 (3.4) 16 0.1 (3.9) 0.06% -0.8[-3.31,1.71]

McGrath 1996 23 -0.2 (0.5) 23 -0.1 (0.5) 5.45% -0.16[-0.43,0.11]

Morgan 1995 20 -0.3 (0.6) 20 0.2 (1) 1.5% -0.52[-1.04,-0]

Puhakainen 1995 9 -0.5 (0.6) 9 -0.3 (0.6) 1.45% -0.29[-0.82,0.24]

Schectman 1988 13 -0.1 (0.5) 13 -0.1 (0.5) 3.08% -0.02[-0.38,0.34]

Subtotal *** 111   111   99.87% -0.07[-0.13,-0]

Heterogeneity: Tau2=0; Chi2=4.71, df=5(P=0.45); I2=0%  

Test for overall effect: Z=2.04(P=0.04)  

   

3.3.2 Low dose (< 2g/d omega-3 PUFA)  

Sirtori 1997 8 -1.3 (2) 8 0.4 (1.6) 0.13% -1.7[-3.47,0.07]

Subtotal *** 8   8   0.13% -1.7[-3.47,0.07]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.88(P=0.06)  

   

Total *** 119   119   100% -0.07[-0.13,-0]

Heterogeneity: Tau2=0; Chi2=7.98, df=6(P=0.24); I2=24.83%  

Test for overall effect: Z=2.11(P=0.04)  

Test for subgroup differences: Chi2=3.27, df=1 (P=0.07), I2=69.43%  

Favours treatment 105-10 -5 0 Favours control

 
 

Comparison 4.   Fish oil versus placebo (subgroups study duration)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Triglycerides (mmol/l) 18 969 Mean Difference (IV, Fixed, 95% CI) -0.45 [-0.58, -0.32]

1.1 Trial longer than 2
months

6 525 Mean Difference (IV, Fixed, 95% CI) -0.58 [-0.78, -0.38]

1.2 Trial shorter than 2
months

12 444 Mean Difference (IV, Fixed, 95% CI) -0.36 [-0.53, -0.19]

2 LDL Cholesterol (mmol/l) 16 565 Mean Difference (IV, Random, 95%
CI)

0.13 [0.02, 0.24]

2.1 Trial longer than 2
months

6 192 Mean Difference (IV, Random, 95%
CI)

0.23 [-0.07, 0.52]

2.2 Trial shorter than 2
months

10 373 Mean Difference (IV, Random, 95%
CI)

0.12 [-0.00, 0.23]

3 VLDL cholesterol (mmol/l) 7 238 Mean Difference (IV, Fixed, 95% CI) -0.07 [-0.13, -0.00]

3.1 Trials longer than 2
months

3 88 Mean Difference (IV, Fixed, 95% CI) -0.62 [-1.11, -0.13]

3.2 Trials shorter than 2
months

4 150 Mean Difference (IV, Fixed, 95% CI) -0.06 [-0.12, 0.01]

Omega-3 polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus (Review)
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Analysis 4.1.   Comparison 4 Fish oil versus placebo (subgroups study duration), Outcome 1 Triglycerides (mmol/l).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

4.1.1 Trial longer than 2 months  

Connor 1993 16 -2 (10.1) 16 0.2 (11.6) 0.03% -2.2[-9.75,5.35]

Goh 1997 28 -0.6 (1.4) 28 0.3 (1.7) 2.54% -0.86[-1.68,-0.04]

McManus 1996 11 -0.5 (1.3) 11 0.1 (1.4) 1.31% -0.62[-1.76,0.52]

Morgan 1995 20 -1.5 (2.9) 20 0.8 (6.6) 0.17% -2.25[-5.41,0.91]

Mostad 2006 12 0 (1) 14 -0 (1) 2.89% 0.03[-0.74,0.8]

Sirtori 1997 175 -0.7 (1) 174 -0.1 (1.2) 33.71% -0.6[-0.82,-0.38]

Subtotal *** 262   263   40.65% -0.58[-0.78,-0.38]

Heterogeneity: Tau2=0; Chi2=4.18, df=5(P=0.52); I2=0%  

Test for overall effect: Z=5.57(P<0.0001)  

   

4.1.2 Trial shorter than 2 months  

Borkman 1989 10 -0.1 (0.9) 10 0 (1) 2.63% -0.15[-0.95,0.65]

Hendra 1990 37 -1 (1.5) 37 0.2 (1.3) 4% -1.2[-1.85,-0.55]

Luo 1998 10 -0.6 (1) 10 -0.5 (1.1) 2.02% -0.15[-1.07,0.77]

McGrath 1996 23 -0.4 (0.9) 23 -0.2 (0.8) 7.36% -0.2[-0.68,0.28]

Pelikanova 1992 10 -0 (0.9) 10 -0.1 (0.7) 3.59% 0.07[-0.62,0.76]

Puhakainen 1995 9 -1.4 (1.8) 9 -0.8 (1.6) 0.68% -0.58[-2.15,0.99]

Schectman 1988 13 -0.5 (0.8) 13 0.1 (0.9) 3.77% -0.6[-1.27,0.07]

Silvis 1990 24 -0.3 (0.6) 21 0 (1.4) 4.04% -0.36[-1.01,0.29]

Alekseeva 2000 30 -0.7 (1) 30 -0.3 (1.6) 3.82% -0.4[-1.07,0.27]

Jain 2002 25 -0.4 (0.4) 15 -0 (0.5) 16.67% -0.39[-0.71,-0.07]

Petersen 2002 20 -0.5 (1.1) 22 -0 (2.3) 1.48% -0.5[-1.57,0.57]

Woodman 2002 17 -0.2 (0.7) 16 -0.1 (0.6) 9.3% -0.17[-0.6,0.26]

Subtotal *** 228   216   59.35% -0.36[-0.53,-0.19]

Heterogeneity: Tau2=0; Chi2=10.23, df=11(P=0.51); I2=0%  

Test for overall effect: Z=4.14(P<0.0001)  

   

Total *** 490   479   100% -0.45[-0.58,-0.32]

Heterogeneity: Tau2=0; Chi2=17.13, df=17(P=0.45); I2=0.76%  

Test for overall effect: Z=6.74(P<0.0001)  

Test for subgroup differences: Chi2=2.73, df=1 (P=0.1), I2=63.31%  

Favours fish oil 105-10 -5 0 Favours control

 
 

Analysis 4.2.   Comparison 4 Fish oil versus placebo (subgroups
study duration), Outcome 2 LDL Cholesterol (mmol/l).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

4.2.1 Trial longer than 2 months  

Connor 1993 16 0.8 (3.3) 16 0.1 (3.2) 0.24% 0.72[-1.54,2.98]

Goh 1997 28 0.2 (0.8) 28 0 (0.9) 6.12% 0.13[-0.31,0.57]

McManus 1996 11 -0 (0.9) 11 -0 (0.9) 2.1% -0.02[-0.78,0.74]

Morgan 1995 20 0.4 (0.8) 20 0 (1.4) 2.51% 0.37[-0.32,1.06]

Mostad 2006 12 0.4 (1.2) 14 -0 (1) 1.66% 0.44[-0.41,1.29]

Sirtori 1997 8 0.4 (1.2) 8 -0.1 (0.9) 1.06% 0.49[-0.57,1.55]

Favours fish oil 42-4 -2 0 Favours control

Omega-3 polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

42



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Subtotal *** 95   97   13.69% 0.23[-0.07,0.52]

Heterogeneity: Tau2=0; Chi2=1.42, df=5(P=0.92); I2=0%  

Test for overall effect: Z=1.5(P=0.13)  

   

4.2.2 Trial shorter than 2 months  

Borkman 1989 7 -0.1 (0.6) 7 -0.2 (0.6) 3.13% 0.16[-0.46,0.78]

Hendra 1990 37 0.3 (1.1) 37 0.1 (1.1) 4.82% 0.2[-0.3,0.7]

Luo 1998 10 0.4 (0.7) 10 0.2 (1) 2.36% 0.18[-0.53,0.89]

McGrath 1996 23 0.4 (1.5) 23 0.2 (1.5) 1.64% 0.25[-0.61,1.11]

Puhakainen 1995 9 0.1 (0.8) 9 -0.1 (0.9) 1.97% 0.2[-0.58,0.98]

Alekseeva 2000 30 0.1 (0.4) 30 -0 (0.2) 53.44% 0.1[-0.05,0.25]

Jain 2002 25 0.1 (0.7) 15 -0 (0.8) 5.25% 0.17[-0.31,0.65]

Petersen 2002 20 0.1 (0.7) 22 0.1 (0.8) 5.68% 0.06[-0.4,0.52]

Schectman 1988 13 0.1 (1.1) 13 -0.5 (1) 1.89% 0.57[-0.23,1.37]

Woodman 2002 17 0 (0.8) 16 0.1 (0.5) 6.14% -0.04[-0.48,0.4]

Subtotal *** 191   182   86.31% 0.12[-0,0.23]

Heterogeneity: Tau2=0; Chi2=2.17, df=9(P=0.99); I2=0%  

Test for overall effect: Z=1.95(P=0.05)  

   

Total *** 286   279   100% 0.13[0.02,0.24]

Heterogeneity: Tau2=0; Chi2=4.05, df=15(P=1); I2=0%  

Test for overall effect: Z=2.36(P=0.02)  

Test for subgroup differences: Chi2=0.46, df=1 (P=0.5), I2=0%  

Favours fish oil 42-4 -2 0 Favours control

 
 

Analysis 4.3.   Comparison 4 Fish oil versus placebo (subgroups
study duration), Outcome 3 VLDL cholesterol (mmol/l).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

4.3.1 Trials longer than 2 months  

Connor 1993 16 -0.7 (3.4) 16 0.1 (3.9) 0.06% -0.8[-3.31,1.71]

Morgan 1995 20 -0.3 (0.6) 20 0.2 (1) 1.5% -0.52[-1.04,-0]

Sirtori 1997 8 -1.3 (2) 8 0.4 (1.6) 0.13% -1.7[-3.47,0.07]

Subtotal *** 44   44   1.69% -0.62[-1.11,-0.13]

Heterogeneity: Tau2=0; Chi2=1.59, df=2(P=0.45); I2=0%  

Test for overall effect: Z=2.49(P=0.01)  

   

4.3.2 Trials shorter than 2 months  

Alekseeva 2000 30 -0 (0.2) 30 0 (0.1) 88.32% -0.05[-0.12,0.02]

McGrath 1996 23 -0.2 (0.5) 23 -0.1 (0.5) 5.45% -0.16[-0.43,0.11]

Puhakainen 1995 9 -0.5 (0.6) 9 -0.3 (0.6) 1.45% -0.29[-0.82,0.24]

Schectman 1988 13 -0.1 (0.5) 13 -0.1 (0.5) 3.08% -0.02[-0.38,0.34]

Subtotal *** 75   75   98.31% -0.06[-0.12,0.01]

Heterogeneity: Tau2=0; Chi2=1.38, df=3(P=0.71); I2=0%  

Test for overall effect: Z=1.8(P=0.07)  

   

Total *** 119   119   100% -0.07[-0.13,-0]

Heterogeneity: Tau2=0; Chi2=7.98, df=6(P=0.24); I2=24.83%  

Favours treatment 105-10 -5 0 Favours control
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=2.11(P=0.04)  

Test for subgroup differences: Chi2=5.01, df=1 (P=0.03), I2=80.03%  

Favours treatment 105-10 -5 0 Favours control

 
 

Comparison 5.   Sensitivity

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 HbA1c (%) 13 800 Mean Difference (IV, Fixed, 95% CI) -0.00 [-0.21, 0.20]

 
 

Analysis 5.1.   Comparison 5 Sensitivity, Outcome 1 HbA1c (%).

Study or subgroup Fish Oil Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Connor 1993 16 1.3 (3) 16 0.6 (2.6) 1.09% 0.7[-1.23,2.63]

Jain 2002 25 -0.2 (1.1) 15 -0 (0.6) 14.26% -0.13[-0.66,0.4]

Luo 1998 10 -0.1 (1.8) 10 0.3 (1.8) 1.69% -0.4[-1.95,1.15]

McGrath 1996 23 0.3 (3) 23 0.1 (2.6) 1.57% 0.2[-1.41,1.81]

Morgan 1995 20 0.4 (1.6) 20 0.2 (1.9) 3.5% 0.2[-0.88,1.28]

Pelikanova 1992 10 -0.7 (1.4) 10 -0.6 (1.4) 2.69% -0.05[-1.28,1.18]

Petersen 2002 23 0 (1.3) 21 0 (1.9) 4.31% -0.02[-0.99,0.95]

Puhakainen 1995 9 -1.4 (1.8) 9 -0.8 (1.6) 1.69% -0.58[-2.13,0.97]

Schectman 1988 13 0.6 (1.3) 13 0.5 (1.4) 3.66% 0.1[-0.95,1.15]

Silvis 1990 24 -0.1 (2.4) 18 -0.1 (2.5) 1.8% -0.02[-1.52,1.48]

Sirtori 1997 203 -0.2 (1.6) 211 -0.2 (1.5) 44.47% 0.05[-0.25,0.35]

Westerveld 1993 16 0.1 (2.7) 8 0.1 (2.9) 0.72% 0[-2.37,2.37]

Woodman 2002 18 -0.1 (0.8) 16 -0.1 (0.6) 18.55% -0.05[-0.52,0.42]

   

Total *** 410   390   100% -0[-0.21,0.2]

Heterogeneity: Tau2=0; Chi2=1.9, df=12(P=1); I2=0%  

Test for overall effect: Z=0.03(P=0.97)  

Favours fish oil 105-10 -5 0 Favours control

 

 

A P P E N D I C E S

Appendix 1. Search strategy

 

Search terms

Unless otherwise stated, search terms were free text terms; exp = exploded MeSH: Medical Subject Heading (Medline medical index
term); the dollar sign ($) stands for any character(s); the question mark (?) = substitute for one or no characters; ab = abstract; ti = ti-
tel; ot = original titel; pt = publication type; sh = MeSH: Medical subject heading (MEDLINE medical index term); adj = adjacency. 
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Search strategy for meta-analyses/systematic review 
 
1.exp Fish Oils/ 
2.fish-oil$.tw. 
3.omega-3-fatty acid$.tw. 
4.polyunsaturated fatty acid$.tw. 
5.n-3-fatty acid$.tw. 
6.nycomed.tw. 
7.eicosapen.tw. 
8.(himega or lipitac or maxepa).tw. 
9.n-3 FAs.tw. 
10.EPA.tw. 
11.DHA.tw. 
12.(pikasol or epax or superepa).tw. 
13.exp alpha-Linolenic Acid/ 
14.alpha-linolenic acid$.tw. 
15.docosahexaenoic acid$.tw. 
16.eicosapentaenoic acid$.tw. 
17.cod liver oil$.tw. 
18.exp Fatty Acids, Omega-3/ 
 
19.or / 1-18 
 
20.exp diabetes mellitus, non-insulin-dependent/ 
21.exp insulin resistance/ 
22.impaired glucose toleranc$.tw. 
23.glucose intoleranc$.tw. 
24.insulin$ resistanc$.tw. 
25. (obes$ adj diabet$).tw. 
26.(MODY or NIDDM).tw. 
27.(non insulin$ depend$ or noninsulin$ depend$ or noninsulin?depend$ or non 
insulin?depend$).tw. 
28.((typ$ 2 or typ$ II) adj diabet$).tw. 
29.((keto?resist$ or non?keto$) adj diabet$).tw. 
30.((adult$ or matur$ or late or slow or stabl$) adj diabet$).tw. 
31.(insulin$ defic$ adj relativ$).tw. 
32.pluri?metabolic$ syndrom$.tw. 
 
33.or / 20-32 
 
34.exp diabetes insipidus/ 
35.diabet$ insipidus.tw. 
 
36.34 or 35 
37.33 not 36 
 
38.exp meta-analysis/ 
39.exp Review Literature/ 
40.meta-analysis.pt. 
41.review.pt. 
 
42.or/38-41 
 
43.letter.pt. 
44.comment.pt. 
45.editorial.pt. 
46.historical-article.pt. 
 
47.or/43-46 
48.42 not 47 
 

  (Continued)

Omega-3 polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

45



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

49.((systematic$ or quantitativ$ or methodologic$) adj (review$ or overview$)).tw. 
50.meta?anal$.tw. 
51.(integrativ$ research review$ or research integration$).tw. 
52.quantitativ$ synthes$.tw. 
53.(pooling$ or pooled analys$ or mantel$ haenszel$).tw. 
54.(peto$ or der?simonian$ or fixed effect$ or random effect$).tw. 
 
55.or / 49-54 
56.48 or 55 
57.limit 56 to human 
 
58.19 and 37 and 57

  (Continued)
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Appendix 2. Sensitivity analyses

Criterion Triglycerides Total choles-
terol

HDL choles-
terol

LDL choles-
terol

VLDL choles-
terol

HbA1c (%) Fasting glu-
cose

Insulin
(pmol/L)

Body weight
(kg)

Quality (stud-
ies with score
of 3 and
above)

WMD -0.49
(-0.65 to -0.34),
p<0.00001; 11
trials included

WMD -0.01
(-0.15 to 0.13),
p=0.88; 10 tri-
als included

WMD 0.03
(-0.01 to 0.07),
p=0.12; 10 tri-
als included

WMD 0.18
(0.00 to
0.36),
p=0.05; 11
trials includ-
ed

WMD -0.27
(-0.49 to 0.05),
p=0.02; 4 tri-
als included

WMD -0.01
(-0.03 to 0.01),
p=0.24; 10 tri-
als included

WMD -0.03
(-0.36, 0.30),
p=0.88; 10 tri-
als included

WMD -4.28
(-13.35, 4.80),
p=0.36; 5 tri-
als included

WMD 0.46
(-3.92, 4.84),
p=0.84; 6 tri-
als included

Blinding
(blinded stud-
ies only)

WMD -0.49
(-0.64 to -0.34),
p<0.00001; 14
trials included

WMD -0.01
(-0.15 to 0.12),
p=0.85; 14 tri-
als included

WMD 0.03
(0.00 to 0.07),
p=0.08; 13 tri-
als included

WMD 0.15
(-0.02
to 0.32),
p=0.08; 14
trials includ-
ed

WMD -0.21
(-0.39 to
-0.02), p=0.3;
6 trials includ-
ed

WMD -0.01
(-0.03 to 0.01),
p=0.24; 10 tri-
als included

WMD 0.23
(-0.09, 0.55),
p=0.15; 13 tri-
als included

WMD -4.19
(-13.09, 4.17),
p=0.36; 6 tri-
als included

WMD 0.47
(-3.38, 4.31),
p=0.81; 9 tri-
als included

Study design
(parallel trials
only)

WMD -0.48
(-0.64 to -0.32),
p<0.00001; 9 tri-
als included

WMD -0.04
(-0.18 to 0.11),
p=0.61; 9 tri-
als included

WMD 0.02
(-0.01 to 0.06),
p=0.51; 7 tri-
als included

WMD 0.10
(-0.02
to 0.23),
p=0.10; 7 tri-
als included

WMD (random
effects) -0.36
(-0.91 to 0.19),
p=0.20; 3 tri-
als included

WMD -0.01
(-0.03 to 0.01),
p=0.25; 9 tri-
als included

WMD 0.26
(-0.07,
0.59),p=0.12;
8 trials includ-
ed

WMD -5.92
(-16.68, 4.84);
p=0.28; 4 tri-
als includ-
ed (using the
DHA interven-
tion group for
Woodman et
al.)

WMD 0.54
(-4.43, 5.51),
p=0.83; 4 tri-
als included

Study size
(large trial ex-
cluded)

WMD -0.37
(-0.53 to -0.21),
p<0.00001; 17
trials included

WMD -0.02
(-0.20 to 0.15),
p=0.80; 16 tri-
als included

WMD 0.01
(-0.04 to 0.06),
p=0.73; 15 tri-
als included

No large tri-
al included

No large trial
included

WMD -0.01
(-0.03 to 0.01),
p=0.23; 14 tri-
als included

WMD 0.23
(-0.21, 0.66),
p=0.30; 15 tri-
als included

WMD 2.91
(-9.39, 15.21),
p=0.64; 5 tri-
als included

WMD 0.43
(-3.22, 4.07),
p=0.82; 10 tri-
als included

NOTES:
units (ex-
cept HbA1c,
insulin and
body weight) -
mmol/l
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Date Event Description

4 November 2008 Amended Converted to new review format.

 

H I S T O R Y

Protocol first published: Issue 1, 1998
Review first published: Issue 3, 2001

 

Date Event Description

4 April 2007 New search has been performed This review is a 2007 update of the initial Farmer 2001 review.
The title was changed from 'fish oil in people with type 2 dia-
betes mellitus' to 'omega-3 polyunsaturated fatty acids (PUFA)
for type 2 diabetes mellitus'. First author now is Janine Hartweg. 
 
In the current review, we further developed the search criteria,
and have used change data calculated from the difference be-
tween baseline and after intervention values for the meta-analy-
sis, whereas in the previous review only the values after interven-
tion were used. We have also included additional outcomes to
those included in the previous review, i.e. VLDL and insulin. 
 
A total of eight new trials have been identified in a literature
search up to April 2007, of which four have been included in this
review from the search conducted up to December 2006. This
brings the total number of randomized controlled trials to 31
considering the effects of omega-3 fatty acids in patients with
type 2 diabetes. One of these has endpoint data (myocardical in-
farction) not previously assessed by trials identified in the origi-
nal review.

 

C O N T R I B U T I O N S   O F   A U T H O R S

VICTOR MONTORI: Initial review data extraction, review development.

ANDREW FARMER: Protocol development, quality assessment of trials, data extraction, data analysis, review development and editing.
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development and editing.

ANDREW NEIL: Data analysis, review development

RAFAEL PERERA: Statistical assessment
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