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Abstract

Aims/hypothesis. British dietary recommendations
are to decrease total fat intake to less than 30% of
daily energy intake and saturated fat to less than
10%. In practice, it is difficult for people to make
these changes. It may be easier to encourage people
to switch from a diet rich in saturated fatty acids to
one rich in polyunsaturated fatty acids.

Methods. A total of 17 subjects — six people with Type
II (non-insulin-dependent) diabetes mellitus, six non-
obese and five obese people without diabetes — were
randomised to spend two 5-week periods on a diet
rich in saturated or in polyunsaturated fatty acids, in
a crossover design. At the start of the study and after
each dietary period, we assessed abdominal fat distri-
bution using magnetic resonance imaging, insulin
sensitivity using hyperinsulinaemic-euglycaemic
clamps and fasting lipid parameters.

Results. Dietary compliance, assessed by weekly 3-
day dietary records and measurement of biochemi-

cal markers, was good. Energy and fat intake ap-
peared to be reduced on the diet rich in polyunsatu-
rated fatty acids although body weights did not
change. Insulin sensitivity and plasma low density li-
poprotein cholesterol concentrations improved with
the diet rich in polyunsaturated fatty acids com-
pared with the diet rich in saturated fatty acids.
There was also a decrease in abdominal subcutane-
ous fat area.

Conclusion/interpretation. If this result is confirmed
in longer-term studies, this dietary manipulation
would be more readily achieved by the general popu-
lation than the current recommendations and could
result in considerable improvement in insulin sensi-
tivity, reducing the risk of developing Type II diabe-
tes. [Diabetologia (2002) 45: 369-377]
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intake and saturated fat to less than 10 %. The energy
lost by this suggested decrease in saturated fat intake
is partially replaced by increasing polyunsaturated
fat intake. A high intake of total dietary fat has been
shown to cause fasting hyperinsulinaemia [1] and to
reduce the ability of insulin to suppress endogenous
glucose production [2]. Dietary studies have, howev-
er, provided conflicting evidence about the beneficial
effects of a diet rich in polyunsaturated fat (PUFA
diet) on lipoprotein and glucose metabolism.

In non-diabetic subjects a PUFA diet could im-
prove total plasma cholesterol concentrations [3] but
this could be at the expense of a decrease in HDL-
cholesterol [4]. On the other hand, in patients with
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Type 1I (non-insulin-dependent) diabetes mellitus a
PUFA diet led to improvements in lipoprotein me-
tabolism, but impairment of blood glucose control
[5] and, in another study, a linoleic-enriched diet did
not improve glycaemic control [6]. A diet enriched
with saturated or trans fatty acids has been shown to
increase postprandial insulin concentrations in Type
IT diabetic patients when compared with a PUFA
diet [7]. More recently, it has been shown that insulin
sensitivity in non-diabetic subjects was impaired on a
diet containing a high proportion of saturated fat
(SFA diet) [8]. Also, in a large cohort of women fol-
lowed up for 14 years with periodic dietary question-
naires, a PUFA diet seemed to reduce the risk of de-
veloping Type 11 diabetes [9].

Abdominalfatdistributionis thoughttobe linked to
cardiovascular risk factors, with many studies suggest-
ing that accumulation of visceral fat leads to insulin re-
sistance and an adverse lipid profile [10-12]. Low calo-
rie diets leading to a decrease in abdominal visceral fat
have been shown to improve blood pressure and glu-
cose tolerance [13]. However, other studies suggest
that accumulation of subcutaneous (s/c), rather than
visceral, fat is related to insulin resistance [14-16]. In a
recent study truncal s/c fat, as estimated by skinfolds,
was found to be an independent predictor of risk fac-
tors for coronary artery disease [17]. It was suggested,
therefore, that the association between cardiovascular
fitness and these risk factors could be mediated by the
accumulation of s/c fat rather than visceral fat [17].

The aim of this study was to investigate whether
the change from an SFA diet to a PUFA diet or vice
versa without weight change affects abdominal fat
distribution, insulin sensitivity and lipid metabolism.
The subjects studied included non-obese and obese
non-diabetic subjects and people with Type II diabe-
tes. We also aimed to establish whether there were as-
sociations between abdominal fat distribution and
risk factors for coronary artery disease.

Subjects and methods

Subjects. We studied three groups matched for age and sex; six
non-obese (BMI <27 kg-m™) and five obese (BMI > 30
kg - m™2) non-diabetic subjects and six subjects with Type II di-
abetes (three females in each group) with approval from the
Central Oxford Research Ethics Committee. All subjects
gave their informed consent. Subjects were recruited by adver-
tising locally and anyone with any chronic illness (except Type
II diabetes in the case of the diabetic sub-group) or intercur-
rent illness was excluded. The original intention was to recruit
six subjects for each group but we were only able to recruit
two obese non-diabetic men. The subjects with Type II diabe-
tes were already being treated with diet alone (one subject) or
diet and tablets (three subjects with a suphonylurea and met-
formin, two with a sulphonylurea or metformin alone) and all
had been diabetic for longer than 18 months. The doses of
these medications were not altered during the study and sub-
jects were on no other regular medication.

The intra-subject coefficient of variation for measurement
of insulin sensitivity by the hyperinsulinaemic-euglycaemic
clamp has been estimated variously at 5% [18], 14.7% [19] or
5.8% [20]. Taking an intermediate value of 10 %, then 18 sub-
jects would give a power of 0.85 to detect a 30 % change in in-
sulin sensitivity at a p value of 0.05, which is acceptable as
shown by others [21].

A state-registered dietician assessed the subjects’ habitual
diet at the start of the study. The subjects were randomised to
follow SFA or PUFA diets for two 5-week periods using a
crossover design, without attempting to reduce weight. In-
struction on dietary changes was given by the dietician on the
basis of each individual’s dietary history. From the baseline
diet diaries, the items providing most of the fat intake were
identified and the subject was given specific advice on substitu-
tions which would achieve the most effective change in the
type of fat consumed. This usually involved substitution of
PUFA-based spreads and cooking oils for dairy products, and
vice versa. Specific information was also given on changing in-
take of high fat foods such as bakery products, cheese-based
foods and ready-prepared items.

The subjects completed 3-day dietary records throughout
the study and submitted these weekly. The dietician contacted
the subject if they were not achieving the desired changes to
their diet. Subjects had access to the dietician at any point to
discuss queries. Dietary records were analysed using the com-
puter programme ‘Foodbase’ (Institute of Brain Chemistry
and Human Nutrition, University of North London, London,
UK).

Subjects attended the laboratory at 08:00 hours, having
fasted from 22:00 the previous evening and omitted their
morning medication, on three occasions; immediately before
they commenced the study and at the end of each dietary peri-
od. They were weighed and had their skin-fold thickness, waist
and hip measurements made by the same investigator using the
same equipment on each occasion. On each visit, a cannula was
inserted retrogradely into a vein of a hand heated in a hot box
at 60 °C for arterialised blood sampling. An antecubital vein
was also cannulated, for infusion of insulin at 40 mU - m™-
min~! and glucose during a 2-h hyperinsulinaemic-euglycaemic
clamp to assess insulin sensitivity. Non-diabetic subjects were
clamped at an arterialised glucose concentration of 5 mmol/l
and diabetic subjects at a concentration of 9 mmol/l, using a
computer programme to adjust the glucose infusion rate ap-
propriately.

Analyses. During the hyperinsulinaemic-euglycaemic clamp an
arterialised blood sample was taken every 5 min to measure
blood glucose. A sample was taken every 10 min for later anal-
ysis of whole-blood glycerol, lactate and 3-hydroxybutyrate (3-
OHB) and plasma NEFA, triglyceride and insulin concentra-
tions. Blood gas analysis was carried out at the start of each
study to ensure adequate arterialisation (oxygen saturation
was always greater than 96%). HbA,, plasma total and
HDL-cholesterol were measured at the start of each clamp
and the fatty acid composition of plasma NEFA, cholesteryl
ester and triglyceride fractions and of platelet phospholipid
was analysed to assess dietary compliance. Citrated samples
were collected for the platelet phospholipid analysis, EDTA
samples for HbA,, estimation and clotted samples for total
and HDL-cholesterol estimation.

Magnetic resonance imaging (MRI), using a Signa Advan-
tage machine (General Electric, Milwaukee, Wis., USA) oper-
ating at 1.5 tesla, was used to assess abdominal s/c and visceral
fat areas at the start of the study and at the end of each dietary
period. Spin echo T1 weighted transverse sections were ob-
tained at the L3/4 disc interspace. The image obtained was
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Table 1. Baseline characteristics of obese and non-obese non-diabetic and Type II diabetic subjects + SD

Non-obese Obese Type 1I diabetes Significance com-

paring all 3 groups

Age (years) 55+13 50+9 56 10 NS
Male/Female 3/3 2/3 3/3 NS
BMI (kg/m?) 24 +2 37+6 29+5 p =0.009
Percentage body fat 33+4 38+5 36 +6 NS
Mid-arm circumference (cm) 29+2 352 31£5 p=0.04
Waist/hip ratio 0.90 + 0.06 0.90 + 0.05 0.92 +0.05 NS
Subcutaneous fat (cm?) 200 + 20 340 + 140 190 + 80 p=0.03
Visceral fat (cm?) 120 + 40 220+ 10 180 + 100 p=0.04
Subcutaneous/Visceral fat ratio 1.8+0.7 1.6 £0.7 12+0.5 NS
Glucose (mmol/l) 45+04 4.4 +0.6 10.1£34 p =0.003
HbA, . (%) 53+0.5 59+0.9 82+20 p=0.03
Insulin (mU/1) 62+23 9.5+34 157 +153 NS
Insulin sensitivity 0.6+0.3 05+03 05+04 NS
(umol - 1- mU™ - kg™! - min™")
Triglyceride (mmol/1) 1712 20+13 1.8+1.2 NS
Non-esterified fatty acids (umol/l) 530 + 130 660 + 230 700 + 260 NS
Total Cholesterol (mmol/l) 54+14 62+1.6 48+0.8 NS
HDL-Cholesterol (mmol/l) 1.1+£03 1.1+£0.1 09+03 NS
LDL-Cholesterol (mmol/1) 35+13 42+13 31+08 NS

Metabolite concentrations after a 10-h fast

analysed in a batch of such images at an independent worksta-
tion by an operator blinded to the subjects’ current diet. The
method used to analyse the scans has been described [22].

Analytical methods. A portion of the blood samples was rapid-
ly deproteinized with 7% (w/v) perchloric acid and the re-
mainder was used to prepare plasma. Whole-blood lactate,
glycerol and 3-OHB, plasma NEFA and glucose concentra-
tions were measured using enzymatic methods on an IL Mon-
arch centrifugal analyzer (Instrumentation Laboratory, War-
rington, Cheshire, UK). Plasma total acylglycerol concentra-
tions were also measured enzymatically with correction for
free glycerol to calculate triglyceride concentration [23]. Plas-
ma insulin was measured in the arterial samples using a dou-
ble-antibody radioimmunoassay method (Pharmacia and Up-
john, Milton Keynes, UK). Blood glucose was measured at
the bedside using a meter (HemoCue, Sheffield, UK). Plate-
lets were separated from the citrated blood sample and were
washed three times before being stored at —70 °C. HbA, , was
measured by agar-gel electrophoresis (Ciba Corning, Calif.,
USA). Serum total cholesterol was measured enzymatically
(Merck, Darmstadt, Germany). HDL-cholesterol was mea-
sured using a heparin-manganese precipitation procedure [24].

For analysis of specific fatty acids, lipids were extracted
from plasma using chloroform-methanol (2:1 v:v). After sepa-
ration of the lipid classes by thin layer chromatography and
methylation of fatty acids with methanoic sulphuric acid, gas
chromatography was used to analyse the fatty acid composi-
tion of the plasma NEFA, cholesterol ester and triglyceride
fractions and platelet phospholipid [25]. Data on specific fatty
acid composition of platelet phospholipid, plasma triglyceride
and plasma NEFA were not available for four subjects.

Calculations and statistical analyses. Percentage body fat was
calculated from skinfold thickness data [26] for all but three sub-
jects, for whom some of this data was missing. Insulin sensitivity
was calculated using the method described by [27] and was ex-
pressed as glucose infusion rate (umol - kg™! - min™') divided by
mean plasma insulin concentration (mU/1) over the same peri-
od. As rates of glucose infusion were still increasing towards
the end of the 2-h hyperinsulinaemic-euglycaemic clamp and
because there is a characteristic lag in the onset of insulin action

in diabetic subjects [21], glucose infusion rates were calculated
over the last 20 min of infusion. Plasma LDL-cholesterol con-
centration was calculated using the Friedewald formula [28].

Baseline variables for the different groups were compared
using the Kruskal-Wallis test across all three groups or the
Mann-Whitney U test to compare two groups, for example
the six subjects with Type II diabetes and the 11 non-diabetic
subjects. The Spearman rank correlation test was used to anal-
yse the relation between baseline variables; BMI, s/c and vis-
ceral fat areas were compared to HDL-cholesterol, triglycer-
ide, NEFA and insulin concentrations and insulin sensitivity.
Age was also correlated against these variables. Changes in
percentage composition by weight of linoleic acid in the plate-
let phospholipid, plasma cholesteryl ester, NEFA and triglycer-
ide fractions were analysed as biochemical markers of dietary
changes [29, 30]. The Bonferroni correction was used [31].
Changes after the different dietary periods were analysed us-
ing three two-sample Student’s ¢ tests to estimate the ‘period
effect’, the ‘treatment-period interaction’ and the ‘treatment
effect’. For dietary intake, where baseline values were includ-
ed, repeated measures analysis of variance was used with Bon-
ferroni correction for multiple testing. A p value of less than
0.05 was considered to be statistically significant.

Results

Baseline characteristics (Table 1). If the subjects were
divided according to sex, there were no differences in
any variables (including age and BMI), except for
HDL-cholesterol concentrations and percentage
body fat which were greater in the female subjects
(p =0.04 and p =0.008, respectively). In particular,
there was no difference in s/c and visceral fat areas
or the ratio of s/c to visceral fat between the male
and female subjects.

Associations between baseline variables. Across all
subjects visceral fat was positively correlated with
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Fig.1. Polyunsaturated to saturated fatty acid ratio for habitu-
al, SFA and PUFA diets for 17 subjects (mean calculated from
diet diaries completed for 3 days each week over 5 week di-
etary period). Median ratio for habitual diet, 0.52; for SFA
diet, 0.17; for PUFA diet, 1.21

fasting insulin concentration (r, = 0.75, p = 0.001) and
negatively correlated with HDL-cholesterol concen-
tration (r,=-0.63, p =0.007) and insulin sensitivity
(ry=-0.65, p = 0.005). Visceral and s/c fat areas were
positively correlated (ry=0.59, p =0.013). No other
variables were related once the Bonferroni correc-
tion had been applied. There were no correlations be-
tween the age of the subjects and any variables. When
the subjects were divided into two groups according
to sex, visceral fat area was strongly negatively corre-
lated with insulin sensitivity (r, = -0.82, p = 0.007) in
female subjects but not in male subjects. No other as-
sociations were identified within the male or female
groups.

Dietary compliance and biochemical markers. Die-

tary compliance, as assessed by dietary records (Ta-
ble 2, Fig.1) and biochemical markers (Fig.2), was

Table 2. Dietary intake estimated from diet diaries

good. Recorded energy intake was somewhat lower,
and fat intake was significantly so, on the PUFA diet
(Table 2). The polyunsaturated to saturated fatty
acid ratio (calculated as the mean from all the diet di-
aries) increased dramatically on the PUFA diet com-
pared with the SFA diet (Fig.1). There were also
changes in the polyunsaturated to saturated fatty
acid ratio between the usual diet of the subjects and
the two dietary periods (Table 2). The subjects’
weight did not change during the study (Table 3).

Linoleic acid concentrations were increased fol-
lowing the PUFA diet compared with the SFA diet
in plasma NEFA (p=0.004), cholesteryl ester
(p =0.03) and triglyceride (p = 0.005) fractions and
in platelet phospholipid (NS, Fig.2). Palmitic acid
concentrations in plasma NEFA, cholesteryl ester
and triglyceride fractions were decreased following
the PUFA diet compared with the SFA diet, as they
were in the platelet phospholipid fraction, but none
of these changes reached statistical significance
(Fig.2). More details of changes in the fatty acid com-
position of plasma cholesteryl esters are given in Ta-
ble 4. There were small increases in cholesteryl-ester
palmitoleic acid (16:1 n-7) and oleic acid (18:1 n-9)
on the SFA diet compared with the PUFA diet.

Abdominal fat distribution and anthropometric data.
Total abdominal and visceral fat areas and s/c to vis-
ceral fat ratio were not affected by dietary change,
but s/c fat area decreased over all three groups fol-
lowing the PUFA diet compared with the SFA diet
(p =0.001). Although there was a ‘period effect’
(p =0.005), with a tendency for s/c fat area to in-
crease in the second dietary period, there was no
treatment-period interaction. Percentage body fat,
mid-arm circumference and waist-to-hip ratio
(WHR) were not different following the two dietary
periods. When the subjects were split into two groups
according to sex, the female subjects showed a
marked decrease in the s/c fat area on the PUFA
diet compared with the SFA diet (p = 0.001), again

Baseline SFA diet PUFA diet p

Energy (MJ) 104 +3.3 10.6 +2.6 89+23 0.07
Carbohydrate (g) 291 + 80 267 +51 249 + 51 NS
Fat (g) 102 + 32 117 £ 28 80 =20 <0.01
Protein (g) 104 + 38 93 +26 91 + 26 NS
SFA (g) 36.0 £14.5 58.7+159 20.1+7.6 <0.01
MUFA (g) 352+151 33.9+9.6 243+83 0.03
PUFA (g) 16.8 +7.0 9.8+29 21.7+7.1 <0.01
Trans-FA (g) 3726 3.0+08 14+12 0.08
P/S ratio 0.54 £0.22 0.19 + 0.06 1.19+0.43 <0.01
n-6/n-3 ratio 8157 52+09 9927 0.14
Fibre (g) 31+11 26+5 277 NS

Values are means = SD. p values that after correction for mul-
tiple testing were > 0.5 are shown as NS

SFA diet, diet high in saturated fatty acids; PUFA diet, diet
high in polyunsaturated fatty acids; SFA, saturated fatty acids;

MUFA, mono-unsaturated fatty acids; PUFA, polyunsatura-
ted fatty acids; Trans-FA, trans-unsaturated fatty acids; P/S ra-
tio, ratio of polyunsaturated to saturated fatty acids; n-6/n-3 ra-
tio, ratio of intake of #n-6 to n-3 PUFA
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with a period effect (p = 0.02), whereas in the male
subjects there was no change.

Within the Type II diabetic group, abdominal s/c
fat area was no different following the two dietary pe-
riods (Table 5). S/c fat area was decreased in the ob-
ese (p = 0.01) and non-obese (p = 0.03) non-diabetic
groups following the PUFA diet compared with the
SFA diet (Table 5). There was again a period effect
for both the obese group (p = 0.05) and the non-ob-
ese group (p = 0.009), but no period-treatment inter-
action. Although visceral fat area decreased
(p =0.03) in the subjects with Type II diabetes after
the PUFA diet compared with the SFA diet, the sig-
nificance of this is questionable as there was both a
period effect (p =0.009) and a treatment-period in-
teraction (p = 0.02) (Table 5).

Insulin sensitivity, metabolites and lipids. In the com-
plete group of 17 subjects, fasting total and LDL-cho-
lesterol concentrations were decreased following the
PUFA diet compared with the SFA diet (p = 0.001
and p = 0.002 respectively, Table 3). There were no
changes in fasting HDL-cholesterol, triglyceride,
NEFA, glucose or other metabolite concentrations
(Table 3). There were also no changesin fasting insulin
concentrations or HbA, ;, butinsulin sensitivity was in-
creased after the PUFA diet compared with after the
SFA diet (p = 0.02) (Table 3, Fig.3). When the subjects
were split into two groups according to sex, there was
no change in insulin sensitivity following the different
dietary periods. Female subjects showed a decrease in

Table 3. The effect of dietary intervention with 5-week peri-
ods of SFA or PUFA diet in 17 subjects + SD

PUFA diet SFA diet
Body weight (kg) 80.8 +3.6 81.2+3.7
BMI (kg/m?) 29.6 £ 1.6 29.7+1.6
Total cholesterol (mmol/l) 50+12 5.5+ 1.4%
HDL-Cholesterol (mmol/l) 1.1+0.27 1.1+0.32
LDL-Cholesterol (mmol/l) 31+141 3.6 £ 1.2%*
Insulin sensitivity
(umol - 1- mU™ - kg! - min!)  0.64 = 0.43 0.51 + 0.35%#*
Triglyceride (umol/l) 1800 + 1400 1900 + 1200
NEFA (umol/l) 640 + 240 650 + 220
Glycerol (umol/l) 75+ 39 75+ 34
3-OHB (umol/1) 95 + 57 85+ 63
Lactate (umol/l) 1000 + 590 930 + 410
Glucose (mmol/l) 6.2+3.0 63 +3.1
Insulin (mU/1) 14 + 17 11+10
HbA,, (%) 65+1.7 6.8+1.8

SFA diet, diet high in saturated fatty acids; PUFA diet, diet
high in polyunsaturated fatty acids; 3-OHB, 3-hydroxybu-
tyrate. (Metabolite concentrations after a 10 h fast)

#p = 0.001
#xp = 0,002
wwxp = 0,02

total cholesterol concentration (p = 0.03) following
the PUFA diet (5.4 + 1.4 mmol/l) compared with the
SFA diet (5.7 + 1.6 mmol/l). There was a similar de-
crease in total cholesterol concentration (p = 0.03) in
the male subjects (5.3 + 1.1 to 4.7 + 0.8 mmol/l). In
male subjects but not in female subjects, there was
also a decrease in LDL-cholesterol concentration
from 3.4+ 1.0 mmol/l following the SFA diet to
2.8 + 1.1 mmol/l following the PUFA diet (p = 0.02).

When the three groups were analysed individually,
fasting total cholesterol concentrations did not
change after either dietary period in the subjects
with Type II diabetes and the obese subjects. In the
non-obese subjects, however, fasting total cholesterol
was decreased (p =0.05) after the PUFA diet
(5.0 £ 1.0 mmol/l) compared with the SFA diet
(5.5 £ 1.2 mmol/l). 3-OHB concentrations increased
in non-obese subjects to 101 + 35.0 umol/l following
the PUFA diet from 65.5 + 26.1 pmol/l after the SFA
diet (p = 0.04). In the subjects with Type II diabetes,
NEFA  concentrations were increased to
920 + 250 umol/l after the PUFA diet compared with
820 + 270 umol/l after the SFA diet (p = 0.03). Insulin
sensitivity did not change after either dietary period
when the groups were analysed individually.

Discussion

Dietary studies are notoriously difficult to carry out,
particularly with regard to dietary compliance and
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Fig.3. Insulin sensitivity (expressed as glucose infusion rate
(umol - kg™ - min™') divided by mean plasma insulin concen-
tration (mU/1) over the same period) following SFA (M) and
PUFA ([O) diets (n = 17). Stage of clamp refers to consecutive
20-min periods during the 120-min euglycaemic-hyperinsulin-
aemic clamp

systematic underreporting by subjects [32]. In this
study evidence from the food diaries that appropriate
dietary changes were being made, which might simply
reflect the subjects’ willingness to please by reporting

Table 4. Fatty acid composition of plasma cholesteryl esters

the desired changes, was confirmed by the biochemi-
cal marker data. The tendency to report lower energy
intake and lower fat intake, on the PUFA diet reflects
perhaps a belief by the participants that this was the
‘healthy’ diet and could have led to under-reporting,
since body weights remained absolutely constant dur-
ing the study. Nevertheless, if there were a true reduc-
tion in energy intake on the PUFA diet, then this
might be taken as a further benefit of this type of di-
etary advice.

The changes in plasma cholesteryl ester fatty acids
suggest that the dietary changes might have been
complex, with high SFA intake accompanied by in-
creases also in palmitoleic and oleic acids relative to
the PUFA diet. It has been noted that palmitoleic
acid is related to palmitic acid intake [33] perhaps be-
cause of endogenous desaturation. Oleic acid intake
was increased on the SFA compared with the PUFA
diet. Given that monounsaturated fatty acid intake,
compared with SFA intake, improves insulin sensitiv-
ity [8], then this would tend to mitigate against our
finding of increased insulin sensitivity on the PUFA
diet.

Unexpectedly, perhaps, increasing the dietary
polyunsaturated to saturated fatty acid ratio de-
creased abdominal s/c fat, with a particularly marked
decrease in the obese. The decrease in s/c fat was
seen without any change in weight, WHR or percent-
age body fat. However, similar results have been seen

Baseline PUFA diet SFA diet

(n=16) (n=17) (n=17)
14:0 0.94 + 0.10* 0.82 +0.12 1.44 + 0.19%*
16:0 11.99 +0.19 13.39 £ 0.86 14.41 = 0.95
16:1 n-7 3.50 + 0.37* 3.32+0.42 4.34 + 0.41%*
18:0 0.90 + 0.09 0.81 +0.13 1.05 + 0.09
18:1 n-9 18.62 + 0.64* 17.48 + 0.84 19.86 + 0.59%*
18:2 n-6 53.38 + 1.25% 53.72 +1.67 48.93 + 1.4
18:3n-3 1.10 £ 0.13 0.84 +0.11 1.05 + 0.09
18:3 n-6 0.71 +0.09 0.69 + 0.09 0.71 £ 0.10
20:3 n-6 0.83 +0.07 0.64 + 0.09 0.60 + 0.09
20:4 n-6 5.74 +0.47 6.04 = 0.39 5.66 +0.43
20:5 n-3 1.04 £ 0.19 1.05+0.23 1.05+0.13
22:6 n-3 0.63 + 0.22* 0.89 +0.29 0.59 +0.26

*p < 0.05 comparing all dietary periods (repeated measures ANOVA)

*#p < 0.05 comparing SFA and PUFA diets (paired ¢ test)

Table 5. Abdominal subcutaneous and visceral fat areas (cm?) = SD after 5-week dietary periods

Subcutaneous fat area

Visceral fat area

Saturated fat Polyunsaturated fat Saturated fat Polyunsaturated fat
All subjects (n 17) 330 + 160 230 + 100* 180 + 100 170 + 80
Type II diabetes (n 6) 230+ 110 200 + 80 210 + 140 190 + 100%**
Obese (n 5) 450 + 140 330 + 130%** 230 = 60 220 +30
Non-obese (n 6) 250 +90 190 + 30%* 120 + 50 120 + 50
*p < 0.005

**p < 0.05 comparing visceral or subcutaneous fat areas after the two dietary periods
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in women taking part in an exercise study where
changes in total and visceral fat depots measured us-
ing MRI were also not accompanied by changes in
weight, WHR or percentage body fat [34]. In our
study, when subjects were divided by sex, the de-
crease in s/c fat was seen only in female subjects. A
sex difference in changes in s/c and visceral fat has
been shown in a weight reduction study using ultra-
sound measurements, with more pronounced s/c fat
loss in women than in men [35].

Although there was no weight change and though
this was a relatively short study, total and LDL-cho-
lesterol concentrations were decreased and insulin
sensitivity was increased following the PUFA diet
compared with the SFA diet. The decrease in total
and LDL-cholesterol concentrations on the PUFA
diet compared with the SFA diet is not novel and con-
firms the findings of many other studies [36, 37], but it
gives further evidence of the dietary compliance of
the subjects. Epidemiological data, reviewed in [38,
39], and animal studies [40] suggest that insulin sensi-
tivity is decreased by an SFA diet relative to a PUFA
diet, although previous short-term dietary studies in
human subjects have not shown this [41-43]. There
are, however, several reports of associations between
insulin resistance and a saturated pattern of muscle
or plasma lipid fatty acids, thought to reflect long-
term dietary intake [44-46]. Similarly, those with a
high proportion of saturated fatty acids in serum cho-
lesteryl esters are at increased risk of developing
Type 1I diabetes [33]. The recent KANWU study, in
which subjects followed either an SFA diet or a diet
containing a high proportion of monounsaturated fat-
ty acids for 3 months, showed that saturated fat im-
paired insulin sensitivity [8]. Our study confirms that
an SFA diet decreases insulin sensitivity and shows
that switching to an isoenergetic PUFA diet improves
insulin sensitivity. However, these results cannot
show whether it is the increase in PUFA intake or
the decrease in SFA intake, that is responsible for
the beneficial effects of the PUFA diet.

As expected, at the start of the study the female
subjects had greater HDL-cholesterol concentrations
[47] and percentage body fat [48] than the male sub-
jects. Also, looking at all subjects, visceral fat area
was positively correlated with fasting insulin concen-
trations but negatively correlated with HDL-choles-
terol concentrations and insulin sensitivity, confirm-
ing the findings of other groups [10, 49]. The im-
provement in insulin sensitivity and LDL-cholesterol
concentrations seen after the PUFA diet compared
with the SFA diet were, however, accompanied by a
decrease in abdominal s/c fat area. These results
show that accumulation of both visceral and s/c ab-
dominal fat could be linked to insulin resistance and
risk factors for atherosclerosis and add to recent ob-
servations showing that this risk profile is not depen-
dent upon any one fat depot [14, 16, 17, 50]. Perhaps

this is not surprising because in this study, abdominal
visceral and s/c fat areas were themselves correlated.
Again, however, the results suggest that long-term di-
etary changes to a PUFA diet could lead to clinically
relevant changes in metabolism. The mechanism by
which changes were seen in one fat depot rather
than another is not clear and whether long-term di-
etary changes would have the same effect remains to
be elucidated.

To switch a diet high in saturated fat to one high in
polyunsaturated fat could be an easier dietary change
for most people to accept in every day life than the
current recommendations. Further studies over a
longer period of time are needed to show whether
the beneficial changes in insulin sensitivity and lipid
metabolism seen in our study persist over time.
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