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fish oil, suggesting that the negative effects on
glucose metabolism may be related to the extra energy
or fat intake. These data indicate that fish oil
supplementation should be used with caution in
subjects with NIDDM. Diabetes 38:1314-19, 1989

T

he regular consumption of even small amounts of
fish has been correlated with a reduced mortality
from coronary artery disease (CAD;1-4). This phenomenon has been ascribed to the beneficial effects of the two major long-chain polyunsaturated omega-3
fatty acids (co3FAs), eicosapentaenoic acid (EPA; C20:5w3)
and docosahexaenoic acid (DHA; C22:6co3), on lipoprotein
metabolism (5-8), platelet function (9-11), and leukotriene
production (12), although other mechanisms may contribute
(13-15). Non-insulin-dependent diabetes mellitus (NIDDM)
is associated with hyperlipoproteinemia, enhanced platelet
aggregability, and a marked predisposition to development
of atherosclerotic complications, especially CAD (16). Because the resultant mortality in NIDDM subjects is twice that
of nondiabetic subjects, increased consumption of w3FAs
may be of benefit.
Another issue is whether dietary w3FAs influence the abnormal glucose metabolism of individuals with NIDDM.
Greenland Eskimos, whose diet contains large amounts of
fish (17), have a low prevalence of CAD and NIDDM despite
their relative obesity (18,19); this suggests that fish oils might
have a preventive influence on NIDDM and CAD. Such an
effect could result from changes in insulin-stimulated glucose uptake, which is characteristically impaired in NIDDM
(20). We have shown that a diet rich in safflower oil produces
a similar impairment of insulin action in rats (21), which is
prevented by substitution of some of the linoleic acid (an w6
fatty acid) with w3FAs derived from fish oil (22). If the same
effect occurs in humans, fish oil could be a valuable adjunct
to therapy for NIDDM.
In this study, we evaluated the potential benefits of dietary
fish oil supplementation in subjects with mild NIDDM. Effects
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Fish oils, containing omega-3 fatty acids (o>3FAs),
favorably influence plasma lipoproteins in nondiabetic
humans and prevent the development of insulin
resistance induced by fat feeding in rats. We studied
the effects of fish oils in 10 subjects (aged 42-65 yr)
with mild non-insulin-dependent diabetes mellitus
(NIDDM). Subjects were fed a standard diabetic diet
plus 7) no supplementation (baseline), 2) 10 g fish oil
concentrate (30% <o3FAs) daily, and 3) 10 g safflower
oil daily over separate 3-wk periods, the latter two
supplements being given in radom order by use of a
double-blind crossover design. At the end of each diet
period, fasting blood glucose (FBG), insulin, and lipids
were measured, and insulin sensitivity was assessed
with a hyperinsulinemic-euglycemic clamp performed
with [3-3H]glucose. FBG increased 14% during fish
oil and 11% during safflower oil supplementation
compared with baseline (P < .05), whereas body
weight, fasting serum insulin levels, and insulin
sensitivity were unchanged. The absolute increase in
FBG during each supplementation period correlated
with the baseline FBG (fish oil, r = .83, P < .005;
safflower oil, r = .75, P = .012). Fasting plasma
triglyceride levels decreased during fish oil
supplementation in the 4 subjects with baseline
hypertriglyceridemia (>2 mM) but were not
significantly reduced overall. There was no significant
change in fasting plasma total, high-density
lipoprotein, and low-density lipoprotein cholesterol
levels. In summary, dietary fish oil supplementation
adversely affected glycemic control in NIDDM subjects
without producing significant beneficial effects on
plasma lipids. The effect of safflower oil
supplementation was not significantly different from
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on glycemic control, insulin sensitivity, and plasma lipids
were assessed after 3-wk periods of dietary supplementation
with a fish oil concentrate and safflower oil in random order.
Comparison was made with safflower oil so the specific effects of fish oil could be separated from any effects of additional calories or unsaturated fatty acids.
RESEARCH DESIGN AND METHODS

TABLE 1
Clinical details of subjects at entry into the study

Subject

Sex

1
2
3
4
5
6
7
8
9
10
Mean ± SE

M
M
F
M
M
M
M
M
F
F

Age
(yr)
62
49
58
56
64
57
63
43
56
64
57 ± 2

Body mass Duration of Fasting blood
index
diabetes
glucose
(mM)
(kg/m2)
(yr)
31
34
36
29
22
25
26
33
27
25
29 ± 1
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0.3
1.5
1
1.5
6
4
4
3.5
3.5
10
3.5 ± 0.9

4.9
5.0
8.4
6.8
5.7
8.7
6.1
7.1
10.0
4.4
6.7 ± 0.6
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Subjects. After a complete explanation of the protocol, 10
subjects with NIDDM gave written informed consent to the
study, which was approved by the St. Vincent's Hospital
Ethics and Research Committee. Six were treated with diet
alone, and 4 were treated with diet and 2.5 or 5 mg glyburide
daily. Subjects had no clinical or biochemical evidence of
kidney or liver disease or any diabetic microvascular complications. One had stable ischemic heart disease, and 2
had hypertension controlled with medicine. Clinical details
are shown in Table 1. The mean ± SE fasting plasma
triglyceride and cholesterol levels were 2.41 ± 0.46 and
6.03 ± 0.38 mM, respectively, at entry into the study.
Protocol. Subjects were studied over 12 wk, during which
they consumed a standard diabetic diet and took their usual
medicine. The dosage of hypoglycemic agents was held
constant throughout the study. The initial 3 wk served as a
baseline during which no additional therapy was taken. Subjects were then instructed to supplement their basic diet with
10 g fish oil concentrate daily and 10 g safflower oil daily
over separate 3-wk periods, with a randomized double-blind
crossover design with an intervening 3-wk washout period.
Fasting blood samples were taken weekly during each diet
period for measurement of glucose, insulin, C-peptide, and
lipid concentrations. Insulin sensitivity was assessed with a
hyperinsulinemic-euglycemic clamp at the end of the baseline and both oil supplementation periods.
Diets and dietary assessment. On recruitment into the
study, each subject was given individual dietary counseling,
and a standard diet low in fat and high in complex carbohydrate and fiber was prescribed to be consumed throughout the study. Subjects were instructed to avoid eating fish.
Self-recorded 4-day food records, obtained on recruitment
and at the end of each diet period, were used to monitor
dietary composition. This data was analyzed with the Computerized Dietary Analysis Package developed by the Commonwealth Scientific and Industrial Research Organisation

of Australia, which is based on British food-composition tables (23).
Oil capsules. The fish oil supplement was provided as unlabeled T-g capsules of a commercially available fish oil
extract, MaxEPA (Scherer, Melbourne, Australia), containing
- 1 8 % EPA and 12% DHA as triacylglycerols and 6 mg
cholesterol/g. The safflower oil supplement, which was cholesterol free, was provided in similar 1-g capsules.
Euglycemic clamp. At the end of each diet period, a hyperinsulinemic-euglycemic clamp was performed as previously described (24). At 0800-0900, after a 10- to 12-h
overnight fast, an intravenous cannula was inserted into
an antecubital vein for infusion of insulin, glucose, and
[3-3H]glucose. Another cannula was inserted into a dorsal
vein of the contralateral hand and warmed to ~50°C with a
heating pad to provide arterialized venous blood for sampling. A continuous infusion of [3-3H]glucose (25 (xCi/h) was
then begun and continued throughout the study. One
hundred twenty minutes after the tracer infusion was started,
68 mU • kg" 1 • h~1 purified porcine insulin (Actrapid, Novo,
Copenhagen) was infused until the end of the study. A variable-rate glucose infusion was adjusted according to glucose measurements taken every 5 min to clamp the blood
glucose level at 5 mM. Plasma samples were taken at
10-min intervals during the basal 120 min and at 15-min
intervals during the clamp for measurement of glucose levels
and [3-3H]glucose specific activity. Samples were taken for
measurement of serum insulin levels at 0, 60, and 120 min
basally and at 25, 45, 70, and 90 min during the clamp.
Analytical methods. Blood and plasma glucose concentrations were measured by the glucose oxidase method with a
glucose analyzer (YSI, Yellow Springs, OH). Serum insulin,
C-peptide, and plasma [3-3H]glucose specific activity were
determined as previously described (25). Serum nonesterified fatty acids were measured with an acyl-CoA oxidase-based colorimetric kit (WAKO NEFA-C, Wako, Osaka,
Japan). Plasma cholesterol and triglyceride concentrations
were estimated with automated enzymatic methods (26,27);
the interassay coefficients of variation (C.V.) were 3.6 and
5.9%, respectively. High-density lipoprotein cholesterol
(HDL-chol) was determined after precipitation of other lipoprotein classes with phosphotungstic acid/magnesium
chloride (28); interassay C.V. was 7.8%. Plasma fatty acid
composition was assessed after extraction of total lipids with
chloroform/methanol. The fatty acid methyl esters were extracted with hexane and analyzed by gas-liquid chromatography with a flame-ionization detector (8).
Calculations. The disappearance (ftd) and appearance
(fta) rates of glucose in the plasma were calculated from the
[3-3H]glucose specific activities with the non-steady-state
equations of Steele (25,29). Basal Ra, which is equivalent
to basal hepatic glucose output, was estimated during the
80- to 120-min period of the tracer infusion before insulin
administration. During the clamp, the peripheral glucose disposal rate (ftd) and the hepatic glucose output were estimated over the final 45 min. The hepatic glucose output
(HGO) was calculated as the difference between the rate of
exogenous glucose infusion (GIR) and the derived Ra
(i.e., HGO = Ra - GIR). Negative values were interpreted
as complete suppression of HGO and treated as 0. Lowdensity lipoprotein cholesterol (LDL-chol) levels were de-
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rived with the formula LDL-chol = total chol - [(0.458 x
triglyceride) + HDL-chol], with all parameters expressed in
millimoles per liter.
Data analysis and statistics. The results obtained during
the initial baseline diet period and on completion of the fish
oil and safflower oil supplementation periods were analyzed.
Statistical comparisons were performed with analysis of variance or paired t tests as appropriate. Statistical significance
was taken as P < .05. Values are presented as means ±
SE.

•

u

m

10•
8-

•

A

•

1

Baseline

Safflower oil

Fish oil

2000 ± 208

1994 ±292

1939 ±211

227 ± 25

228 ± 30

218 + 26

32 ± 5

29 ± 6

29 ± 6

28 ± 5

27 ± 6

29 ± 5

14 ± 2

15 ± 3

12 ± 2

296 ± 50

291 ± 57

276 ± 40

Details of dietary composition obtained from analysis of 4-day food
records during each dietary period. Nutrients provided by oil capsules during the supplementation periods are not included. Differences between dietary periods were not significant. Values are
means ± SE. n = 8 for each dietary period; 2 subjects failed to
supply complete dietary records.

s

*

9

4Diet Alone

Safflower

Oil

Fish Oil

FIG. 1. Individual and mean fasting blood glucose levels at end of
baseline (diet alone), safflower oil, and fish oil supplementation.
Individual subjects indicated by symbols. Mean for each dietary
period indicated by bars. *P < .05 vs. diet alone.

achieved during the euglycemic clamp studies were not
significantly different (baseline, 637 ± 78 pM; safflower oil,
603 ± 62 pM; fish oil, 617 ± 56 pM).
Plasma lipids. The plasma levels of EPA and DHA (expressed as a percentage of total plasma fatty acids) increased in all subjects during fish oil supplementation (EPA:
baseline, 0.1%; safflower oil, 0.3%; fish oil, 3.8%; P < .001;
DHA: baseline, 2.1%; safflower oil, 2.6%; fish oil, 4.3%; P <
.01). Total serum nonesterified fatty acid levels did not
change significantly. Plasma triglyceride and cholesterol levels fell significantly between entry into the study and completion of the baseline diet period (triglyceride: entry vs.
baseline, 2.41 ± 0.46 vs. 1.80 ± 0.30 mM, P = .024; cholesterol: entry vs. baseline, 6.03 ± 0.38 vs. 5.50 ± 0.32 mM,
P = .01).
As shown in Table 4, triglyceride levels did not change
significantly during either period of oil supplementation compared with the baseline. During fish oil supplementation,
triglyceride levels decreased in the 4 subjects with baseline
hypertriglyceridemia (>2 mM), whereas the response varied in the remaining subjects, 1 of whom developed an elevated triglyceride level (Fig. 2). This subject, who failed to
submit a complete dietary record, had a greater weight gain
than the others ( + 3.2 kg vs. baseline), implying some degree of dietary noncompliance. However, even if this subject's results are excluded, the change in triglyceride levels
is not significant (P = .16). Similarly, there was no significant
effect of either period of oil supplementation on plasma total
cholesterol, HDL-chol, or LDL-chol levels compared with
baseline (Table 4). Because of technical difficulties, baseline
HDL-chol data for 3 subjects were not adequate. Consequently, the HDL- and LDL-chol levels reported in Table 4
refer to only the 7 subjects with complete data. However,
data from all 10 subjects were available for both oil supplementation periods (HDL-chol: safflower oil vs. fish oil, 0.91
± 0.07 vs. 0.94 ± 0.06 mM, NS; LDL-chol: safflower oil vs.
fish oil, 3.54 ± 0.21 vs. 3.71 ± 0.23 mM, NS).
Washout. Data were also analyzed to assess the adequacy
of the washout. There was a clear tendency for parameters
to return toward baseline levels at the end of the washout
between the first and second oil treatments (defined temporally). This tendency was seen in the levels of FBG (base-
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TABLE 2
Dietary composition data

*

B

•

Dietary composition was similar during each study period
(Table 2). All subjects tolerated the oil capsules without significant adverse effects, although three experienced mild
dyspeptic symptoms that did not affect their participation in
the study. Eight subjects noted an aftertaste that allowed
them to correctly identify the fish oil capsules; however, the
investigators remained blind until the end of the study. Body
weight increased marginally during both periods of dietary
supplementation compared with baseline (baseline, 84.4 ±
5.2 kg; safflower oil, 85.6 ± 5.3 kg; fish oil, 84.9 ± 5.3 kg;
NS).
Glucose metabolism. Fasting blood glucose (FBG) levels
increased significantly during both periods of oil supplementation compared with the baseline period (Fig. 1). The
increase was 14% during fish oil and 11% during safflower
oil supplementation. The absolute increase in FBG during
oil supplementation periods correlated with the baseline FBG
for each subject (fish oil, r = .83, P < .005; safflower oil,
r = .75, P = .012). Fasting serum insulin and C-peptide
levels did not change.
Data from the clamp studies were available from only nine
subjects. Basal HGO was slightly, but not significantly, elevated during both supplementation periods and was correlated with FBG levels (r = .71, P < .001). Insulin-stimulated
glucose disposal', measured during the euglycemic clamp,
was similar during each dietary period, as was the degree of suppression of HGO (baseline, 89%; safflower oil,
92%; fish oil, 91%; Table 3). The steady-state insulin levels

•
D

•
•

RESULTS
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A

•

6-

Energy intake
(kcal/day)
Carbohydrate
(g/day)
Saturated fat
c
(g/day)
Monounsaturated fat
(g/day)
Polyunsaturated fat
(g/day)
Cholesterol
(mg/day)

A

12-

BORKMAN AND ASSOCIATES

TABLE 3
Parameters of glucose metabolism

Baseline
Safflower oil
Fish oil

1
1
HGO ((irnol • kg" • min"" )

Fasting blood
glucose
(mM)

Fasting serum
insulin
(pM)

Basal

Clamp

Clamp glucose
disposal
((jumol • kg"' • min"')

7.2 ± 0.5
8.0 ± 0.8*
8.2 ± 0.8*

90 ± 14
98 ± 17
96 ± 19

15.9 ± 1.3
17.2 ± 1.6
16.9 ± 1.3

1.7 ± 0.7
1.4 ± 0.5
1.5 ± 0.8

22.3 ± 3.2
21.2 ± 3.8
21.5 ± 3.5

Parameters of glucose metabolism obtained basally and during the euglycemic clamp at the end of each dietary period. Values are
means ± SE. n = 10 for fasting blood glucose and serum insulin levels; n = 9 for basal and clamp hepatic glucose output (HGO) and
clamp glucose disposal.
*P < .05 vs. baseline.

TABLE 4
Fasting plasmai lipids

o>
Cholesterol (mM)

Triglyceride
(mM)

HDL

LDL

Total

1.80 ± 0.30 0.83 ± 0.02 3.52 ± 0.23 5.50 ± 0.32
Baseline
Safflower oi I 1.80 ± 0.31 0.82 ± 0.03 3.28 ± 0.24 5.28 ± 0.28
1.65 ± 0.23 0.86 ± 0.05 3.44 ±0.19 5.40 ± 0.26
Fish oil
Fasting plasma triglyceride and total, high-density lipoprotein (HDL),
and low-density lipoprotein (LDL) cholesterol levels measured at the
end of each dietary period. Values are means ± SE. n - 10 for
triglyceride and total cholesterol data; n = 7 for HDL- and LDLcholesterol (see RESEARCH DESIGN AND METHODS for details).
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n
a.
Diet

Alone

Fish Oil

FIG. 2. Individual and mean fasting plasma triglyceride levels at end
of baseline (diet alone) and fish oil supplementation. Q, Individual
subjects; open bars, mean for each dietary period; shaded
area, normal range (<2 mM). Note decrease during fish oil
supplementation in 4 subjects with baseline hypertriglyceridemia.
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may be sensitive to the hyperglycemic effect of even mildly
hypercaloric diets.
Because both oil periods followed the baseline period, an
alternate explanation for the rise in FBG is a progressive
failure of dietary compliance over the course of the study.
However, this possibility is not supported by the analysis of
food records. Moreover, the return of FBG to baseline levels
during the washout period further suggests that oil ingestion
was responsible for the hyperglycemia.
Other studies of fish oil supplementation in NIDDM subDISCUSSION
We found that supplementing a standard diabetic diet with jects have demonstrated variable adverse effects on gly10 g of fish oil concentrate daily, providing 3 g a>3FAs, cemic control (35-38). Glauber et al. (35) gave 5.5 g/day
caused a small to moderate deterioration of glycemic control of u)3FAs for 1 mo to subjects withdrawn from hypoglycemic
in 10 subjects with relatively mild NIDDM without affecting therapy and noted an increase in FBG and basal HGO. Ininsulin sensitivity. Basal HGO correlated with FBG levels. sulin sensitivity, assessed by euglycemic clamp, was not
This relationship, which has been reported previously altered. Friday et al. (36) also reported an increase in FBG
(30,31), suggests that increased HGO contributed to the after ingestion of 8 g/day <o3FAs for 8 wk. In both of these
worsening of glycemic control during oil supplementation. studies, food-stimulated insulin secretion did not increase
Compliance with fish oil ingestion was indicated by the con- despite increased postprandial plasma glucose levels, implying a defect in insulin secretion. Unlike this study, there
sistent rise in plasma EPA and DHA levels.
The similar hyperglycemic response to safflower oil inges- was no control for the extra fat or energy intake in either of
tion suggests that the extra dietary energy (~5% of total those studies. Schectman et al. (37) used a safflower oil
intake) or fat intake, rather than w3FAs specifically, caused control period; however, glucose turnover and insulin
the adverse response to fish oil supplementation. In obese sensitivity were not assessed. They observed an increase in
NIDDM subjects, energy intake appears to be an important glycohemoglobin, but FBG was unchanged after ingestion
determinant of glycemia. Substantial restriction of energy of 4 g/day co3FAs for 1 mo; a similar nonsignificant increase
intake produces rapid metabolic improvements, even before in glycohemoglobin occurred during safflower oil administhe occurrence of major weight loss (32,33), with partial reversal when a weight-maintenance diet is subsequently introduced (33). In a previous study in nondiabetic subjects,
short-term hypercaloric diets led to an increase in FBG (34);
although the extra energy intake considerably exceeded that o
in this study, diabetic subjects with poor glycemic control
o

line, 7.2 ± 0.5; 1st oil, 7.9 ± 0.7; washout, 7.1 ± 0.5; 2nd
oil, 8.3 ± 0.8 mM; P < .05 baseline and washout vs. each
oil period), plasma triglyceride (baseline, 1.80 ± 0.30; 1st
oil, 1.67 ± 0.31; washout, 2.26 ± 0.50; 2nd oil, 1.79 ± 0.22
mM; P < .05 washout vs. 1st oil period), and plasma cholesterol (baseline, 5.50 ± 0.32; 1st oil, 5.36 ± 0.29; washout,
5.90 ± 0.45; 2nd oil, 5.33 ± 0.25 mM; P < .05 washout vs.
each oil period).
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The failure of fish oil supplementation to improve insulin
sensitivity contrasts with our studies in animals. Nondiabetic
rats developed insulin resistance when fed a safflower
oil-rich diet (21), and this was prevented by substituting a
small amount of fish oil isocalorically (22). In contrast with
the human study, however, the rat study assessed the preventive effect of fish oil, and the confounding effect of extra
energy intake was avoided with dietary substitution, not supplementation. Furthermore, the rat diets did not contain saturated fat; our more recent animal studies indicate that interactions between saturated and unsaturated dietary fats
may modify the individual effects of fats on insulin action
(40). In addition, the incorporation of a>3FAs into cell membrane phosphatidylinositol, which does not occur in humans
(41,42), could theoretically influence the release of the postulated insulin mediator linked to phosphatidylinositol (43)
and thus alter insulin action in rats but not humans.
In this study, there was no significant change in plasma
lipids during fish oil supplementation. In most studies, fish
oil administration lowered plasma triglyceride levels in healthy (5,6) and hyperlipidemic (7,8) subjects. Although we
found no significant effect overall, triglyceride levels decreased in all four subjects with hypertriglyceridemia. Recent
studies specifically examining the effect of fish oils in NIDDM
have shown variable responses, with triglyceride levels decreasing significantly in some (36,37,39) but not in others
(35,38). In one of the latter studies, a significant hypotriglyceridemic effect was obtained only when the subjects with
the highest baseline levels were analyzed separately (38).
The only other study that used a safflower oil control period
in NIDDM subjects demonstrated oil-induced changes in
plasma lipids; however, diet was not modified (37). In this
study, plasma triglyceride and cholesterol levels fell significantly during the baseline period, after initial dietary counseling to achieve a conventional diabetic diet; this may have
limited further improvements during oil supplementation. The
lack of effect of fish oil on total cholesterol, LDL-chol, and
HDL-chol in this study is consistent with most other studies
in NIDDM subjects (35,37-39). However, note that in two of
these reports, there were surprising increases in plasma
apolipoprotein B levels, related to the LDL fraction (37,38).
This is of concern because of the reported correlation
between LDL apolipoprotein B levels and the presence of
CAD (44).
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The return of measured parameters to baseline levels during the washout period suggests that 3 wk was sufficient to
allow a clear differentiation between the effects of each oilsupplementation period. Despite a nonsignificant reduction
in plasma lipids during oil-supplementation periods compared with baseline, levels tended to be higher during the
washout period. This may reflect a temporary easing of dietary compliance during a nontreatment period in which diet
was not monitored; alternatively, it may represent a rebound
phenomenon after oil ingestion was stopped.
Dietary fish oil supplementation caused a hyperglycemic
response in our NIDDM subjects, probably related to the
extra calorie load, without producing a significant improvement in plasma lipids or insulin sensitivity. In deciding
whether fish oils may have a therapeutic role in NIDDM,
several points need to be considered. First, as discussed
previously, variable changes in plasma lipids have been
reported in other studies. Second, fish oils have been reported to improve other factors related to the development
of CAD, such as blood pressure (38), blood viscosity (13),
leukotriene metabolism (12), and platelet aggregability
(9-11), which were not assessed in this study. Thus, there
are potential advantages and disadvantages of fish oil ingestion in terms of metabolic control and CAD risk in NIDDM.
Several of the abnormalities related to NIDDM are largely
reversible if optimal glycemic control is achieved through a
combination of dietary modification, weight loss (where appropriate), and exercise. However, the frequent failure of
such a strategy indicates the need for additional therapies.
Until further studies clarify the longer-term effects, fish oil
supplementation should be used with caution in patients with
NIDDM. A corresponding reduction of other dietary energy
sources may lessen any adverse effect.
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