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Abstract

Aims/hypothesis. The amount and quality of fat in the
diet could be of importance for development of insu-
lin resistance and related metabolic disorders. Our
aim was to determine whether a change in dietary
fat quality alone could alter insulin action in humans.
Methods. The KANWU study included 162 healthy
subjects chosen at random to receive a controlled,
isoenergetic diet for 3 months containing either a
high proportion of saturated (SAFA diet) or monoun-
saturated (MUFA diet) fatty acids. Within each group
there was a second assignment at random to supple-
ments with fish oil (3.6 g n-3 fatty acids/d) or placebo.
Results. Insulin sensitivity was significantly impaired
on the saturated fatty acid diet (-10%, p = 0.03) but
did not change on the monounsaturated fatty acid diet
(+2%, NS) (p =0.05 for difference between diets).
Insulin secretion was not affected. The addition of n-3
fatty acids influenced neither insulin sensitivity nor in-
sulin secretion. The favourable effects of substituting
amonounsaturated fatty acid diet for a saturated fatty

acid diet on insulin sensitivity were only seen at a total
fat intake below median (37E % ). Here, insulin sensi-
tivity was 12.5 % lower and 8.8 % higher on the saturat-
ed fatty acid diet and monounsaturated fatty acid diet
respectively (p = 0.03). Low density lipoprotein cho-
lesterol (LDL) increased on the saturated fatty acid
diet (+ 4.1 %,p < 0.01) but decreased on the monoun-
saturated fatty acid diet (MUFA) (-5.2, p <0.001),
whereas lipoprotein (a) [Lp(a)] increased on a mono-
unsaturated fatty acid diet by 12 % (p < 0.001).
Conclusions/interpretation. A change of the propor-
tions of dietary fatty acids, decreasing saturated fatty
acid and increasing monounsaturated fatty acid, im-
proves insulin sensitivity but has no effect on insulin
secretion. A beneficial impact of the fat quality on in-
sulin sensitivity is not seen in individuals with a high
fat intake ( > 37E %). [Diabetologia (2001) 44: 312—
319]
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Insulin resistance is central for the aetiology of the
metabolic syndrome cluster of disease: blood lipid
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disorders, hypertension, propensity for thrombus for-
mation, abdominal obesity and Type II (insulin-de-
pendent) diabetes mellitus [1]. Although genetic pre-
disposition is a factor, the prevalence of obesity and
diabetes is increasing rapidly in both developed and
developing countries [2] arguing that lifestyle factors
such as dietary and physical activity patterns, which
are amenable to change, modulate insulin action and
hence disease development.

Experimental and clinical data suggest that the
amount and quality of fat in the diet could be impor-
tant for the development of insulin resistance and re-
lated metabolic disorders [3]. A high proportion of
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long-chain unsaturated fatty acids and a low propor-
tion of saturated fatty acids in the phospholipids of
the skeletal muscle membranes have been related to
a high insulin sensitivity in humans with or without
coronary heart disease [4-6]. There have also been
suggestions that dietary fat quality affects glucose
stimulated insulin secretion [7-9].

Although experimental studies [3], as well as
cross-sectional and prospective studies in humans [3,
10], indicate that fat quality could influence insulin
sensitivity, this has not been shown in intervention
studies in humans. Due to the complex nature of con-
trolled dietary trials, most intervention studies have
had a limited number of subjects and been of short
duration.

Our aim was to carry out a study of adequate size
and duration to examine whether a change of dietary
fat quality affects insulin sensitivity in humans. The
effects of a diet with a high proportion of saturated
fatty acids were compared with those of a diet with
the same total fat content but with a high proportion
of monounsaturated fatty acids. Our secondary aim
was to investigate the possible effects of a change of
fat quality on glucose-induced insulin secretion as
well as on serum lipids and lipoproteins and to see if
the effects, if any, were influenced by addition of
long-chain n-3 fatty acids to the diet.

Subjects and methods

Design of the study. Five centres took part in the KANWU
study as noted in the author affiliation list. The acronym KAN-
WU refers to the location of the centres (Kuopio, Aarhus, Na-
ples, Wollongong and Uppsala). This was a controlled study
lasting 90 days in which the participants were chosen at ran-
dom for a diet containing a high proportion of saturated fatty
acids (SAFA diet) or monounsaturated fatty acids (MUFA
diet). Within the groups there was a second random assign-
ment to supplements of capsules containing fish oil (3.6 g n-3
fatty acids/day containing 2.4 g of eicosapentaenoic and doco-
sahexaenoic fatty acids, i.e. three capsules twice daily of Pika-
sol, Lube A/S, Denmark) or placebo capsules containing the
same amount of olive oil. The test period was preceded by a
2-week “stabilisation period” on the habitual diets, when all
subjects received placebo capsules. Routine clinical tests, in-
cluding a 75 g oral glucose tolerance test [11] were carried out
during this period and the participants kept a 3-day dietary re-
cord (two weekdays and one weekend day) to document pre-
trial dietary habits. Tests and laboratory analyses according to
the study protocol were carried out during days —1 and 0 and
repeated at days 89 and 90 at the end of the diet period. Two
additional 3-day dietary records were done at the beginning
of the second and third month of the treatment period.

Subjects. A total of 162 healthy men (n =86) and women
(n=176) aged 30-65years with normal or moderately in-
creased body weight (BMI 22-32 kg/m?) were included (Ta-
ble 1). In premenopausal women tests were all carried out dur-
ing the same time period of the menstrual cycle. Subjects with
impaired glucose tolerance were included but those with dia-
betes were excluded [11]. Health status was screened by medi-
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Table 1.  Clinical characteristics of the participants
(mean + SD)

SAFA (n=83) MUFA (n="179)
Age (years) 489+75 482 +8.1
BMI (kg/m?) 26.6£2.9 263 +£3.1
S-insulin (mU/1) 7.15+4.19 6.03 £ 3.69
Insulin sensitivity index (Si)  4.13 +2.30 4.76 +3.25
B-glucose (mmol/l) 519+ 0.44 518 +0.59
First-Phase Insulin Response
(mU/) 36.6 £22.9 37.8+£292
S-cholesterol (mmol/l) 5.40 £ 0.85 5.43+£0.93
S-triglycerides (mmol/1) 1.24 + 0.58 1.14 £ 0.62
S-LDL cholesterol (mmol/l)  3.66 + 0.77 3.66 + 0.86
S-HDL-cholesterol (mmol/l)  1.24 + 0.37 1.33£0.42
ApoB (g/1) 0.99 +0.20 1.01 £0.21
ApoA-I (g/1) 1.40 + 0.28 1.47 £ 0.35
Lp(a) (UN) 206 + 201 255 +277

S = serum; P = plasma; U = units.

cal history and routine laboratory examinations. The degree of
physical activity and alcohol intake did not change throughout
the study. Body weight changes in subjects were less than 4 kg
during the 3 months preceding the study. Subjects using lipid
lowering drugs, thiazide diuretics, beta blockers and cortico-
steroids were excluded. Moderate smokers were allowed to
participate but they were instructed not to change their smok-
ing habits during the trial.

All participants gave their informed consent to the study
which was approved by the ethics committee at the medical
faculties of the universities of Kuopio, Aarhus, Naples, Wol-
longong and Uppsala, respectively.

Diets. All participants were instructed to eat isoenergetic diets
with the same proportions of the main nutrients, including sim-
ilar amounts of total fat, but with a high proportion of saturat-
ed (SAFA diet) or monounsaturated (MUFA diet) fatty acids.
The diets were calculated to contain 37 energy per cent (E %)
fat with 17E %, 14E % and 6 E % of saturated, monounsatu-
rated and polyunsaturated atty acids, respectively, in the
SAFA diet; and 8E %, 23E % and 6E % in the MUFA diet.
The estimated proportion of trans fatty acids was low and sim-
ilar in both diets. All participants were instructed before the
study by trained dietitians on the preparation of their diets.
The participants met with dietitians at least every second
week thereafter until the end of the study to assure good ad-
herence to the diet. They were all supplied with edible fats to
be used as spreads on bread, for cooking and in dressings.
Core foods such as margarine, oils and a range of other staple
items were provided. The subjects were not informed as to
the type of diet they were following.

Butter, margarines and oils to be used in the diets were pre-
pared centrally and distributed to the different European cen-
tres. The SAFA diet included butter and a table margarine con-
taining a relatively high proportion of SAFAs. The MUFA diet
included a spread and a margarine containing high proportions
of oleic acid derived from high-oleic sunflower oil and negliga-
ble amounts of trans fatty acids and n-3 fatty acids and olive
oil. The study centre in Australia obtained similar oils and mar-
garines including high-oleic sunflower oil from local suppliers.

The intake during the test period was calculated as the
mean values of the dietary records provided during the second
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and third month of the study. Local nutrient analysis software
programs containing country-specific food databases were
used in the analyses. Data on margarines and other specially
prepared foods were entered onto these databases for inclu-
sion in the analysis. Serum lipid fatty acid composition was
measured to confirm the validity of reported dietary fatty-
acid intake.

Clinical tests and laboratory analyses. Blood samples were
drawn after a 12-h overnight fast from an antecubital vein.
The laboratory analyses were centralised to the research labo-
ratory of one of the participating centres, with the exception
of blood glucose and serum lipoprotein lipid concentrations
which were measured locally on fresh samples. All other blood
serum and plasma samples were kept frozen at —70°C until
transport and kept frozen during transport to the laboratory
where they were analysed.

Intravenous glucose tolerance test (IVGTT) was done as
described previously [12]. A glucose dose of 300 mg/kg body
weight was given intravenously using a catheter followed by a
bolus of 0.03 U/kg of insulin 20 min after the glucose. To mea-
sure plasma glucose and insulin concentrations, venous blood
samples were collected before the glucose dose and 11 times
after the glucose dose up to 180 min using a catheter in the
contralateral arm. To arterialize the venous blood, the arm
was kept in a 50 °C electric pad during the test. The data were
analysed by calculating the insulin sensitivity index (S;) with
the Minmod program [13]. The first-phase insulin response
was defined as the mean of the insulin concentrations at 2, 4
and 8 min minus the fasting insulin values. Serum insulin con-
centrations were measured by an enzyme-linked immunosor-
bent assay (ELISA) for specific determination of biologically
active insulin (DAKO Insulin, Dako Diagnostics, Ely, UK)
[14]. Plasma glucose concentration was analysed locally by a
glucose oxidase method.

Enzymatic colorimetric methods were used to measure
cholesterol and triglycerides in serum. Apolipoprotein B-con-
taining lipoproteins were precipitated with a sodium phospho-
tungstate and magnesium chloride solution [15] or with dex-
tran sulphate and magnesium chloride [16]. Low density lipo-
protein cholesterol was calculated according to Friedewald
et al. [17]. Analyses of apolipoprotein A-I and B were based
on the measurement of immunoprecipitation enhanced by
polyethylene glycol at 340 nm. An automated Kone Specific
Clinical Analyzer and apoA-I and apoB reagents from Kone
Instruments (Espoo, Finland) were used in the analyses. The
apolipoprotein(a) [Apo(a)] content in Lipoprotein(a) [Lp(a)]
was measured using the solid-phase two-site immunoradiomet-
ric assay from Mercodia AB (Uppsala, Sweden). To transform
the concentration of Apo(a) to Lp(a) Apo(a) concentrations
were multiplied by 0.7 and the results are expressed in units
per litre (U/1).

The fatty acids in the serum lipid esters were separated by
gas-liquid chromatography as described earlier [18].

Statistical methods. Results for continuous variables are pre-
sented as mean and standard deviation. For variables with
skewed distributions a logarithmic or a square root (insulin
sensitivity) transformation was made before the statistical
analysis. The main outcome variable in the statistical analysis
was the change in insulin sensitivity. Secondary outcome
variables were changes in insulin secretion and lipoprotein
lipids.

For the intention-to-treat population (defined as all sub-
jects assigned at random who had at least one measurement
made during treatment) a confirmatory analysis was made.
For each outcome variable the treatment effects were estimat-
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ed from a statistical model in which treatment categories
(SAFA diet/MUFA diet and the presence/absence of n-3 fatty
acid) and their interaction were analysed. Factors and treat-
ment centre, age, sex and the baseline value of the outcome
variable were covariates. For outcome variables where the in-
teraction between the analysed factors and the presence or ab-
sence of n-3 fatty acid were non-significant a limited model was
used excluding those terms [19]. Results of the analysis are
presented as adjusted mean treatment effects within groups
and their p-values. Furthermore the difference between treat-
ment groups for adjusted mean treatment effects are presented
with p-values and 95 % confidence intervals. Confidence inter-
vals are also presented on the original scale in the case of trans-
formed variables.

Post-hoc analysis. A subgroup analysis was made according to
relative intake of total fat during treatment (above or below
median intake of 37.0%). The above mentioned model was
used with the addition of an interaction term between treat-
ment and relative fat intake (above or below median).

Results

Clinical characteristics. Clinical characteristics of the
subjects assigned at random to the SAFA diet and
MUFA diet group were similar (Table 1).

Diet concordance. Dietary records. The average nutri-
ent composition before the study, as calculated from
the dietary records (Table 2), was similar in the group
of subjects chosen at random for the SAFA diet and
the MUFA diet. During the test period there was a
slight increase in the proportion of dietary fat in
both groups. The recorded mean intake of fat and fat-
ty acids during the study was close to the target val-
ues.

Effects on the fatty acid composition of the serum lipid
esters. The fatty acid changes of the serum phospho-
lipids and the serum cholesterol esters reflected those
of the dietary fat of the test diets. Thus, the changes
of the proportions of the SAFAs with a chain length
of 14 to 18 carbon atoms in the serum phospholipids
(Table 3) and in the cholesterol esters (not shown)
differed significantly during the two diets: concentra-
tions increased or did not change on the SAFA diet
and concentrations decreased or did not change on
the MUFA diet. The proportion of 16:1 n-7 was sig-
nificantly reduced on the MUFA diet with an in-
crease of 18:1 n-9, which decreased on the SAFA
diet. The proportions of the polyunsaturated n-6 fatty
acids were similarly reduced on both diets while those
of 20:5 n-3 and 22:6 n-3 increased during both diets as
a consequence of the supplementation with n-3 fatty
acids.

Effects on body weight. The mean body weight and
body mass index (BMI) remained unchanged during
the test period. The BMI (mean + SD) before and at
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Table 2. Dietary nutrient composition (all subjects, n = 162) before and during the study

SAFA diet MUFA diet Target values for fat composition
during the study
Before During Before During SAFA MUFA
Energy (kcal) 2250 + 550 2140 + 390 2120 + 500 2150 + 450
Protein (E %) 15.6 +3.0 152+25 158 +2.8 148 +23
Carbohydrate (E %) 458 £ 6.7 441 +52 473 +7.0 459 +42
Fat (E %) 337+6.5 371+4.1 333+6.1 37142 37 37
SAFA (E %) 13.5+3.6 17.6 £2.5 133 +3.7 9.6 1.8 17 8
MUFA (E %) 13.0+£3.7 13.1+25 13.1+3.2 212+4.0 14 23
PUFA (E %) 48+1.6 47+15 47+15 46+0.8 6 6
Fibre (g/day) 23.8+7.7 224+6.6 23.0+84 23.0+84
Cholesterol (mg/day) 316 + 126 322+91 310+ 139 254 + 80

Table 3. Effects of treatment diets on serum phospholipid fatty acid composition (%)

SAFA diet MUFA diet Difference in treatment effects
SAFA-MUFA
Fatty acid Adm. Change® A% p-value  Adm. Change A% p-value  Mean 95 % p-value
diff. Conf.Int.

14:0 0.48 +0.03 +69%  0.0001 0.48 -0.08 -16.9%  0.0001 0.11 (0.09 to 0.0001
(0.01) (0.01) 0.14)

15:0 0.24 +0.02 +85%  0.0001 0.24 -0.03 -13.3%  0.0001 0.05 (0.04 to 0.0001
(0.00) (0.00) 0.07)

16:0 30.24 +0.17 +0.6%  0.1425 29.89 -0.54 -1.8% 0.0001 0.71 (0.37to 0.0001
(0.12) (0.12) 1.04)

16:1 n-7 0.78 -0.04 -55% 0.0182 0.81 -0.16 -19.9%  0.0001 0.12 (0.07 to 0.0001
(0.02) (0.02) 0.17)

17:0 0.45 +0.03 +6.6%  0.0001 0.45 -0.01 -32% 0.0110 0.04 (0.03 to 0.0001
(0.01) (0.01) 0.06)

18:0 13.89 +0.24 +1.7%  0.0003 14.18 -0.01 +0.0% 0.9370 0.25 (0.06 to 0.0097
(0.07) (0.07) 0.43)

181n-9 12.87 -1.06 -82% 0.0001 13.08 +1.26 +9.6% 0.0001 -2.32 (-2.75to  0.0001
(0.15) (0.16) -1.89)

182n-6  21.02 -1.75 -8.3% 0.0001 21.16 -1.99 -9.4%  0.0001 0.24 (-0.70to  0.6114
(0.33) (0.34) 1.18)

18:3 n-3 0.31 -0.08 —24.7% 0.0001 0.34 -0.07 -20.0%  0.0004 -0.01 (-0.04to  0.4655
(0.01) (0.01) 0.02)

20:3 n-6 3.18 -0.46 -14.6% 0.0001 3.06 -0.34 -11.2%  0.0008 -0.12 (-04to 0.3871
(0.10) (0.10) 0.16)

20:4 n-6 9.45 -0.54 -5.7% 0.0003 9.20 -0.37 —4.0%  0.0087 -0.17 (-0.59to  0.4788
(0.15) (0.15) 0.25)

20:5n-3 1.50 +2.10 +140.1%  0.0001 1.64 +1.71 +104.3%  0.0001 0.39 (-0.5to 0.3261
(0.31) (0.32) 1.29)

22:5n-3 1.07 +0.31 +29.0%  0.0001 1.12 +0.10 +88% 0.0803 0.21 (0.06 to 0.0074
(0.05) (0.06) 0.36)

22:6 n-3 4.67 +0.96 +20.6%  0.0001 4.55 +0.63 +13.9% 0.0004 0.33 (-0.16t0  0.1894
(0.17) (0.18) 0.82)

2 Mean change during treatment expressed as least square mean (SE); Adm. = admission; 95 % Conf. int. = 95 % confidence inter-

val

the end of the SAFA diet period was 26.6 2.9 and
26.7 +2.9, respectively and on the MUFA diet

26.3 + 3.1 and 26.3 + 3.2 kg/m>.

Effects on insulin sensitivity and insulin secretion. The
insulin sensitivity index (Si) decreased significantly

during the SAFA diet by 10% (p < 0.05) but did not
change during the MUFA diet (Table 4). The differ-
ence between the two treatments was of border line
significance (p = 0.05). The serum fasting insulin con-
centrations were not changed on the SAFA diet but
decreased slightly (-5.8%, p <0.05) on the MUFA
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Table 4. Effects of treatment diets on insulin sensitivity, fasting insulin, peak insulin secretion and blood glucose concentrations

SAFA diet MUFA diet Difference in treatment effects
SAFA-MUFA
Adm. Change* A% p-value Adm. Change A% p-value Mean 95% p-value
diff. Conf. Int.
Insulin sensitivity 413 -042 -103%  0.0318 4.76 +0.10 +21% 05175  -0.52 (-1.09to  0.0534
index (Si) (0.19) (0.21) 0.04)
Serum insulin 7.15 +0.25 +35% 0.4662 6.03 -0.35 -5.8%  0.0490 0.60 (-040to 0.0582
(mUN) (0.35) (0.36) 1.60)
First-phase insulin ~ 36.6 +33 +9.0% 0.0289  37.8 +3.8 +101% 01392  -0.50 (-6.3to  0.6265
response (mU/1) (2.0) 2.1) 5.3)
Plasma-glucose 5.19 +0.00 +0.0% 0.9950 518  -0.03 -0.6% 0.4126 0.03 (-0.07to  0.5572
(mmol/l) (0.04) (0.04) 0.14)

2 Mean change during treatment expressed as least square mean (SE); Adm = admission; 95 % Conf. Int. = 95% confidence inter-

val

Table 5. Effects of treatment diets on fasting serum lipid and apolipoprotein concentrations

SAFA diet MUFA diet Difference in treatmenteffects
SAFA-MUFA
Adm. Change* A% p-value Adm. Change A% p-value Mean 95% p-value
diff. Conf.Int.
Cholesterol 540 +0.14 +25%  0.0176 543 -0.15 2.7% 0.0122 028 (0.12to  0.0007
(mmol/l) (0.06) (0.06) 0.45)
Triglycerides 124 -0.11 -9.1% 0.0154 1.14 -0.13 -11.1%  0.0009 0.01 (-0.15to 0.4879
(mmol/l) (0.06) (0.06) 0.17)
LDL-Cholesterol 3.66 +0.15 +41%  0.0060 3.66 -0.19 -52% 0.0006 034 (0.19to  0.0001
(mmol/) (0.05) (0.05) 0.49)
HDL-Cholesterol 124  +0.04 +38%  0.3646 133 +0.04 +3.4% 0.1386 -0.01 (-0.08to 0.6708
(mmol/l) (0.03) (0.03) 0.07)
ApoB (g/1) 0.99 +0.02 +21%  0.1071 0.95 -0.04 —4.3% 0.0018 0.06 (0.03to  0.0010
(0.01) (0.01) 0.10)
ApoA-I (g/1) 1.40 -0.01 -0.7% 0.5914 147 +0.00 +0.0% 0.6963 -0.01 (-0.06to 0.5167
(0.02) (0.02) 0.04)
Lp(a) (U/N) 206 +1(7) +07%  0.7445 255 +31(7) +12% 0.0004 30 (-49 to 0.0209
-11)

2 Mean change during treatment expressed as least square mean (SE); Adm = admission; 95 % Conf. Int. = 95% confidence inter-

val

diet (p = 0.06 for group difference). The fasting con-
centration of plasma glucose and the first phase insu-
lin secretion did not alter.

Addition of n-3 fatty acids did not influence insulin
sensitivity or insulin secretion and there was no inter-
action between the treatment effect (the comparison
between the effects of the SAFA and MUFA diets)
and the effect of n-3 fatty acids. The insulin sensivity
index before and after addition of n-3 fatty acids was
4.4 +3.1and 4.2 + 2.8, respectively and in the placebo
group 4.4 +25and 4.4 +2.5.

Effects on serum lipid and lipoprotein concentrations.
There were significantly different effects of the
SAFA diet and the MUFA diet on the serum choles-
terol and LDL cholesterol concentrations, the ApoB
concentrations and on Lp(a) (Table 5). Serum choles-
terol and LDL cholesterol increased by 2.5 (p < 0.05)

and 4.1% (p < 0.01), respectively, on the SAFA diet.
They decreased on MUFA by 2.7 (p <0.05) and
52% (p<0.001) with a significant reduction of
ApoB on the latter diet. The differences between
the two diets were all statistically significant. The
Lp(a) did not alter on the SAFA diet but increased
significantly on the MUFA diet by 12% (p < 0.001).
There were no interactions between the treatment ef-
fect and the effect of n-3 fatty acids on serum lipopro-
tein composition.

The n-3 fatty acid supplements showed a signifi-
cant effect on LDL cholesterol, which was indepen-
dent of the type of fat in the background diet. Those
subjects who had n-3 fatty acids had higher LDL cho-
lesterol concentrations than those who had placebo
capsules. Thus, the increase of LDL cholesterol in
the SAFA diet was due to an increase among the sub-
jects who took the supplements with n-3 fatty acids
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Fig.1. Effects of a change of dietary fat quality on insulin sen-
sitivity when related to total dietary fat intake during treat-
ment

-154

(+7.8%,p <0.001). Those subjects, however, on pla-
cebo capsules had concentrations that did not change
(+0.7%, NS). On the MUFA diet, a significant re-
duction of LDL cholesterol was seen only among the
participants who took the placebo capsules (-7.7 %,
p <0.001) while the mean LDL cholesterol concen-
trations remained virtually unchanged (-2.7 %, NS)
after addition of n-3 fatty acids which counteracted
the expected decrease of LDL cholesterol.

The reduction of serum triglycerides seen in both
the SAFA diet and MUFA diet groups during treat-
ment was entirely due to a significant reduction by
about 20% among the participants who got supple-
ments with n-3 fatty acids. There was no effect on the
serum triglycerides when the proportions of saturated
and monounsaturated fatty acids changed in the diet.

Effect of a change of dietary fat quality in relation to
total fat intake. The median fat intake, as according
to dietary records kept during the study period, was
37.0E %. If the data were analysed after exclusion of
the 5% with the lowest (below 30E %) and highest
(above 44E %) fat intake, the difference between
treatments was 15.7% (p <0.02). When the effects
of treatment were analysed in participants with a fat
intake above and below median during the study, re-
spectively, the diverging effect of dietary saturated
and monounsaturated fatty acids on insulin sensitivi-
ty was seen mainly in subjects with a fat intake below
median (mean intake 33.9E %) (Fig.1). The mean
changes of Si on the SAFA diet (-12.5%) and
MUFA (+8.8%) diet were significantly different
(p = 0.03). When the total fat intake was high (mean
intake 40.2E %) there was no significant difference
between the effects of the SAFA (-7.8%) and
MUFA (-3.3 %) diets on Si. The difference in the fat
intake between the two groups was explained by a
proportionally similar increase of both SAFA diet
and MUFA diet in the group with a high fat intake.
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Discussion

Anumber of dietaryinterventions have aimed toinves-
tigate the effect of dietary fat quality on insulin sensi-
tivity [21-32]. Up tonow there have been no controlled
studies thathad an adequate and validated methodolo-
gy and showed the effects of a change of dietary fat
quality on insulin sensitivity in humans. Our study
shows that a shift from saturated to monounsaturated
fatty acids in a controlled study, under isoenergetic
conditions, improves insulin sensitivity in healthy hu-
mans. This underlines the importance of the choice of
fat quality in the diet not only in relation to the lipid
concentrations. Lowering fat intake to below 30 % of
energy, as currently recommended, is difficult [20].
The present results, however, show that even in the
range where up to37 % of calorieintakeisfat,changing
the fat quality can effect changes in insulin action of
greater than 20 % along with a significant improve-
ment in lipid profile. Such changes are feasible on a
population basis and offer a genuine dietary approach
to prevention and therapy of the metabolic syndrome.

The addition of n-3 fatty acids to the diet did not,
independent of the fatty acid composition of the
background diet, affect insulin sensitivity in this
study. This is at variance with some rodent studies
[3] but the literature on humans is controversial. Epi-
demiological studies have linked fish intake and pro-
tection against glucose intolerance [33, 34]. In con-
trast, most intervention studies have been negative
[27-32]. The close relation between circulating tri-
glyceride concentrations and insulin resistance has
been shown many times. Therefore it is reasonable
to assume that the hypotriglyceridemic effect of n-3
fatty acids improves insulin action. It could, however,
take years rather than months for the effects, if any,
of n-3 fatty acids on insulin action to become appar-
ent. Furthermore, it has been suggested that the
n-6:n-3 ratio of skeletal muscle cell membranes might
be important in determining insulin sensitivity [35]. It
is possibble that an addition of n-3 fatty acids affects
insulin sensitivity in people with very low initial con-
centrations of n-3 fatty acids or low ratios between
n-3 and n-6 fatty acids, in target organs. In addition,
it is possible that the effect of n-3 fatty acids on insu-
lin sensitivity in healthy subjects could vary depend-
ing on the status of carbohydrate intolerance [36,
37]. The restricted number of subjects with glucose
intolerance in the present study did not, however,
permit a separate analysis comparing subjects with
impaired and normal glucose tolerance.

Insulin secretion was not affected by a change of
dietary fatty acid composition. This is in line with
the findings from earlier controlled intervention stud-
ies in humans [10], although experimental data [7, §]
and meal studies in humans [9] have suggested that
insulin secretion could also be differentially influ-
enced by individual fatty acids.
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The LDL cholesterol concentration was on aver-
age about 9% higher for the SAFA diet than the
MUFA diet. The major part of the LDL effect is
probably due to the change of fatty acid composition
but the slightly higher cholesterol content of the
SAFA diet, due to the cholesterol content in the but-
ter, could contribute marginally to the result. The re-
duction of serum triglycerides and increase of LDL
cholesterol by n-3 fatty acids has been well docu-
mented and the changes observed are close to what
would be expected in normotriglyceridaemic sub-
jects [38]. In addition, this study shows that similar
changes of the triglyceride and LDL cholesterol con-
centrations are seen after supplementation with n-3
fatty acids, whether the diet is rich in saturated or
unsaturated fatty acids.

The diverging effects of SAFA and MUFA on
Lp(a) is in line with earlier findings showing in-
creased Lp(a) concentrations when saturated fatty
acids were replaced by oleic acid [39]. High propor-
tions of trans fatty acids in the diet are known to in-
crease Lp(a) [39, 40] but this probably does not ex-
plain the present results, since the amount of trans
fatty acids was similar in both diets.

The beneficial effect of the MUFA diet on insulin
sensitivity was not seen when the fat intake was high.
On the other hand a change in the proportion of fatty
acids, reducing SAFA diet and increasing MUFA, in-
duced a significant improvement in insulin sensitivity
in subjects with lower fat intake. Thus, the influence
of dietary fat quality is not solely due to an effect of
the proportion of saturated fatty acids in the diet. In
the present study there was no significant relation be-
tween the changes of the proportion or the total
amount of SAFA alone and the changes of the insulin
sensitivity index, within the groups or as a whole. At a
high total-fat intake, the positive effects of MUFA
contra SAFA seem to be lost with regard to insulin
sensitivity, even if the proportion or total intake of
SAFA is low. This finding is a strong argument for
present nutrition recommendations underlining the
importance not only of the fatty acid composition,
but also the proportion of total fat in a diet.
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