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Abstract

Response to dietary fat manipulation is highly heterogeneous, yet generic population-based recommendations aimed at reducing the
burden of CVD are given. The APOE epsilon genotype has been proposed to be an important determinant of this response. The present
study reports on the dietary strategy employed in the SATgene (SATurated fat and gene APOE) study, to assess the impact of altered fat
content and composition on the blood lipid profile according to the APOE genotype. A flexible dietary exchange model was developed to
implement three isoenergetic diets: a low-fat (LF) diet (target composition: 24 % of energy (%E) as fat, 8%E SFA and 59 %E carbohydrate), a
high-saturated fat (HSF) diet (38 %E fat, 18 %E SFA and 45 %E carbohydrate) and a HSF-DHA diet (HSF diet with 3 g DHA/d). Free-living
participants (n 88; n 44 E3/E3 and n 44 E3/E4) followed the diets in a sequential design for 8 weeks, each using commercially available
spreads, oils and snacks with specific fatty acid profiles. Dietary compositional targets were broadly met with significantly higher total fat
(42-8%E and 41-0%E 0. 25-1%E, P=0-0011) and SFA (19-3%E and 18-6 %E v. 8:33 %E, P<0-0011) intakes during the HSF and HSF-DHA
diets compared with the LF diet, in addition to significantly higher DHA intake during the HSF-DHA diet (P=0-0011). Plasma phospholipid
fatty acid analysis revealed a 2-fold increase in the proportion of DHA after consumption of the HSF-DHA diet for 8 weeks, which was
independent of the APOE genotype. In summary, the dietary strategy was successfully implemented in a free-living population resulting
in well-tolerated diets which broadly met the dietary targets set.
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In order to reduce the risk of CVD, the UK Scientific Advisory
Committee on Nutrition (SACN) recommends a population
reduction of dietary saturated fat (SFA) intake to an average
of <11% of food energy and a minimum daily intake of
0-45g of the long-chain n-3 PUFA (LC n-3 PUFA), EPA and
DHAY. There is a rapidly increasing body of evidence on
the significant impact of genetic variation and other physio-
logical and lifestyle factors on an individual’s response to diet-
ary manipulation, and a recognition of the large inter-
individual heterogeneity in response to dietary change. In
light of this, it is predicted that a more personalised/stratified
approach to nutritional advice may be more effective in the
reduction of disease risk'® relative to the more generic
advice currently provided. Available evidence examining gen-
otype—diet—phenotype associations is largely derived from

epidemiological studies, with data from ‘fit-for-purpose’ ran-
domised controlled trials distinctly lacking.

ApoE is a structural component of TAG-rich lipoproteins
required for lipid transport and clearance. There are a
number of SNP of the gene encoding for this apolipoprotein.
The most studied are the APOE epsilon missense mutations
rs429358 and rs7412 that give rise to three common isoforms
(Apoe2, Apoe3 and Apoe4). These isoforms are coded by
three separate alleles, E2, E3 and E4, with the resulting
proteins differing at amino acid positions 112 and 158, with
apoE2 having cysteine at both positions, apoE3 having a
cysteine at position 112 and arginine at position 158 and
apoE4 having arginine at both positions. ApoE4 carriers, esti-
mated at a frequency of about 30% in the UK population®,
have been reported to have higher plasma total cholesterol,

Abbreviations: %E, percentage of energy; CHO, carbohydrate; HSF, high saturated fat; HSF-DHA, high saturated fat plus DHA; LC n-3 PUFA, long-chain n-3
PUFA; LF, low fat; SACN, Scientific Advisory Committee on Nutrition; SATgene, SATurated fat and gene apoE.
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LDL-cholesterol (LDL-C) and TAG concentrations”. A meta-
analysis has estimated a 40—50% higher CVD risk in E4 car-
riers relative to the E3/E3 wild-type genotype™. Furthermore,
there is some evidence to suggest that E4 carriers may be more
responsive to dietary fat manipulation, with elevated LDL-C
concentrations with a high SFA intake and greater LDL-C
reductions following the switch to a low-fat diet in this sub-
group relative to non-apoE4 carriers™. In addition, high-
dose DHA supplementation (>2g/d) has been reported to
have a LDL-C-raising effect in E4 carriers only(é). However,
to date, the majority of trials have been conducted in small
groups in whom genotyping was carried out retrospectively.
This has often resulted in insufficient statistical power to
draw definitive conclusions. Also, although SFA and LC n-3
PUFA intakes represent key nutritional targets for CVD risk
reduction, the combined impact of SFA and DHA on the
CVD risk phenotype, and in particular according to the
APOE genotype, is unknown. Therefore, there is a recognised
need for suitably powered, prospectively genotyped human
dietary intervention studies in this area, which will inform
future population and personalised/stratified dietary fat
composition recommendations.

The aim of the SATgene (SATurated fat and gene APOE)
study was to investigate the effects of three isoenergetic
diets differing in fat quantity and quality on fasting and post-
prandial lipid concentrations and other CVD risk markers in
free-living individuals. A dietary exchange strategy was devel-
oped to allow manipulation of fat quantity and profile without
changing other components of the diet. This facilitated the
implementation of specific fat manipulation without con-
founding effects of other dietary changes. Dietary strategies
developed within our group have been published previously
using specially formulated products to achieve specific dietary
fatty acid compositions”®. These strategies have been
adapted for the SATgene study in which only commercially
available products were used as intervention foods. The pre-
sent study describes and evaluates the use of the SATgene
dietary exchange strategy to implement a low-fat (LF), high-
SFA (HSF) diet and a high-SFA diet with 3g DHA/d sup-
plementation (HSF-DHA) in free-living participants over a
24-week period.

Experimental methods
Participants and study design

Over 250 individuals were screened for the study, of which
100 free-living participants were selected to take part after
meeting specific inclusion criteria. Subjects were aged 35-70
years; BMI 20-32kg/m? blood pressure <100/160 mmHg;
generally fit and healthy and taking no antihypertensives, 3-
hydroxyl-3-methylglutaryl-CoA reductase inhibitors or anti-
thrombotic agents; had not suffered a stroke or myocardial
infarction in the previous 12 months; were not pregnant or
breast-feeding; did not have to follow a special diet, did not
consume excessive amounts of alcohol (more than 21 units
per week for men and 14 units per week for women) and
were not taking fish oil supplements. A screening blood

sample was collected to ensure that fasting TAG was between
1 and 4mmol/l, total cholesterol 4-5-8mmol/l, glucose
<7mmol/l, y-glutamyltransferase <80 U/l and Hb 125-
180g/l in men and 115-160g/l in women. Equal numbers
of E4 carriers (i.e. E3/E4 or E4/E4) and the wild-type E3/E3
genotype were recruited, with the two genotypic subgroups
matched for age and BMI.

The study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures invol-
ving human subjects were approved by the University of
Reading Research Ethics Committee. Written informed consent
was obtained from all subjects. SATgene is a registered clinical
trial (Clinicaltrials.gov ID NCT01384032).

A sequential study design, employed in previous dietary
studies such as Dietary Approaches to Stop Hypertension™”
and a study investigating the effect of the APOE genotype on
serum lipid response to the dietary fat and cholesterol modifi-
® was used due to inherent difficulties during fat
manipulation studies for volunteers to return to their habitual
diet during washout periods if a cross-over design is used. All
participants followed three prescribed diets each for 8 weeks

cation

in the same order. Participants completed a 1-week run-in
period during which they were instructed to consume their
habitual diet plus 2g of control capsules per d containing
palm olein and soyabean oil in the ratio 4:1, providing a
fatty acid profile of the typical UK diet (44% SFA, 39%
MUFA and 17% n-6 PUFA). These capsules were also con-
sumed during the subsequent LF and HSF 8-week dietary
periods. The first diet was a LF diet (target composition:
24% of energy (%E) from fat, 8%E from SFA, 8 %E from
monounsaturated fat (MUFA), 6 %E from polyunsaturated fat
(PUFA) and 59%E from carbohydrate (CHO)); the second
was the HSF diet (target composition: 38 %E from fat, 18 %E
from SFA, 12%E from MUFA, 6%E from PUFA and 45%E
from CHO) and the third was identical to the HSF diet in
composition but with the addition of 6g DHA-enriched fish
oil capsules (DHA-rich oil comprised 57% SFA, 11:6%
MUFA, 82% PUFA, 8:3% EPA, 3-1% docosapentaenoic acid
and 57-5% DHA), which provided 3 g DHA/d. All diets were
designed to be isoenergetic with identical protein intakes.

Fasting blood samples, blood pressure, anthropometrics
and a measure of arterial stiffness (Digital Volume Pulse;
Micro Medical Limited) were taken during four clinical visits,
one at baseline and one at the end of each 8-week dietary
periods for the determination of biomarkers of CVD. Total
cholesterol and LDL-C represented the primary outcome
measures. The results of all clinical measures will be published
separately.

Food exchange model to achieve dietary targets

A food exchange model based on the National Diet and Nutri-
tion Survey of UK adults aged 19-64 years"'” was developed
from a method used in previously published strategies from
our group”®. This served to establish that the composition
of the three different diets was achievable within a free-
living UK population using commercially available products
(Table 1). The basic concept was that certain fat-containing
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Table 1. Sources of exchangeable fat in the UK diet*

SFA (g/d) MUFA (g/d) PUFA (g/d) CHO (g/d)

Fat (g/d)

Energy

Female

Male

kJ/d kcal/d kJ/d Male Female Male Female Male Female Male Female Male Female

kcal/d

466
2030

126 12-8 11-3 11-0 5.9 6-1 44-6
15.2 111 275-0

339

33.7

%E

1632 6828 86-5 61-4 32:5 23-3 291 20-2

9678

2313

Total intake (including alcohol)

0.-00
0-00

81

0.-00
0-00

33
110

4.7
2.1

2.7

39
35

0-65
2:6
21

0-93

39
2:6

33
2:6

7-0
6-8
3.7

263-2 10-0

62-9

9-9 376-1

2-5

8!

9
1160

Added fats (cooking fats and oils)
Added fats (spreads)

All milk
Cheese

1.2
0-30
0-03
0-50
0-11
5.4

5.7

2:2

10-4

260-7
409-6
205.0

62-3

387-0

0-30
0.05
0-70
0-15
8.0
71

0-81
0-81
14
0-81
80

122

1.2
1.2
2.0

4.3

97.9

485-3

0-00
14.2

0-00
19-3

2.3

3.7

5.2
6-1

49.0
114.0

290-4
581-6

9-4

6
139-0

1.9
0-70

4.3

477-0

Biscuits, cakes, buns, pastries

Savoury snacks

41
22.3
180.7

5.5
35-8
2392

1.2
12.9

1.0
14.3

1.8
25.4

2:6

68-2
16154
5213

16-3
386-1
1246

193.7
2314.2
7364

46-3
553-1
1760

95
13-8

386

Total exchangeable foods

182 16-2

36-0

47.9

Intake of less exchangeable foods

CHO, carbohydrate; %E, percentage of energy.
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*Data sourced from the National Diet and Nutrition Survey‘'?.

foods could be removed from the diet and replaced by specifi-
cally chosen products in order to manipulate the overall fatty
acid composition. The amount of exchangeable fat in the UK
diet was calculated as the sum of the non-intrinsic fat present
in the form of milk, cheese, spreads, oils, biscuits, cakes, pas-
tries, buns and savoury snacks (Table 2). Intrinsic fat derived
from other foods (such as meat products) was not included
in the model, as this would be more difficult to manipulate
and would result in unwanted confounding dietary changes.
A change in CHO intake was also required in order to allow
the three diets to remain isoenergetic despite the change in
fat content. Commercially available high-fat and very-low-fat
snacks were tested in the model in order to assess their effi-
cacy in aiding the achievement of dietary targets before the
final selections were made. The composition of all study
foods is shown in Table S1 of the supplementary material
(available online at http://www .journals.cambridge.org/bjn).

During the LF diet, participants were asked to consume the
very-low-fat spread and spray cooking oil provided in place of
all normally eaten spreads and oils. They were also asked to
use low-fat dairy products and to consume two extra portions
of CHO per d (e.g. two slices of bread, equivalent to 30g
CHO). Participants were allowed to consume a maximum of
two of the LF snacks provided per d (e.g. flavoured rice
cakes, cereal bars, pretzels) but were asked to avoid all
high-fat snacks such as chocolate, crisps, biscuits, ice cream
and cakes. Dietary advice was tailored to each individual
based on their habitual diet and guidelines were flexible to
accommodate food preferences. During the HSF diets, partici-
pants were asked to use the butter provided for spreading,
cooking and baking, and to avoid all other spreads and oils.
They were also instructed to consume one less portion of
CHO per d (e.g. one slice of bread, equivalent to 15g CHO)
and to consume two of the HSF snacks provided in place of
other normally consumed snacks (e.g. chocolate bars, biscuits,
crisps). A wide range of sweet and savoury snacks were
offered on both the LF and HSF diets in order to cater for
the individual tastes and lifestyles of the participants. Spreads
and oils were provided in quantities ample for the partici-
pants’ entire household in order to aid compliance.

Dietary advice, food collection and compliance monitoring

Participants were advised to keep all remaining aspects of
their diet unchanged, such as meat, fruit and vegetables and
to try to maintain their weight throughout the study. Detailed
dietary advice sheets indicating target intakes of study foods,
items to choose and to avoid, advice for eating out and low-fat
baking recipes were given to the participants and explained in
detail by a researcher during clinical visits. The participants
were supported in their dietary adherence by regular
monitoring by the study investigators and were encouraged to
contact the trained nutritionist if they required help and advice.

Participants attended the unit in order to collect their foods
every 4 weeks. During this visit, compliance to the diets was
encouraged and any problems with the diets were discussed
and resolved. In addition, the participant’s weight was
recorded and in the event of any changes above =*1kg,
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Table 2. Replacement of exchangeable fat with the study foods
Amount (g/d) Energy Fat (g/d) SFA (g/d) MUFA (g/d) PUFA (g/d) CHO (g/d)
Male Female
Male Female  kcal/d kJ/d kcal/d kJ/d Male  Female Male Female Male Female Male Female Male Female
LF diet
Very-low-fat spread 150 10-0 28 117 19 79 2.7 1-8 0-8 0-5 0-6 0-4 1.3 09 02 0-2
Spray ol 1.0 1.0 5 21 5 21 0-6 0-6 0-1 0-1 0-1 0-1 0-4 0-4 0-0 0-0
Half-fat cheese 12.5 10-0 34 142 27 113 2.0 1.6 1.3 1.0 0-6 0-5 0-1 0-0 0-0 0-0
Skimmed milk 210-0 180-0 74 310 63 264 0-2 0-2 0-2 0-2 0-0 0-0 0-0 0-0 10-5 9-0
Carbohydrate (two extra portions/d) 60-0 60-0 141 590 141 590 1-1 1-1 0-2 0-2 0-2 0-2 0-3 0-3 296 296
Study snacks (mean of two) 38.0 380 117 490 117 490 1.3 1.3 0-5 0-5 0-7 0-7 0-3 0-3 28-0 28-0
Control oil 2.0 2.0 18 75 18 75 2.0 2.0 0-8 0-8 0-4 0-4 04 0-4 0-0 0-0
Intake of less exchangeable foods 1760 7364 1246 5213 47.9 36-0 18.2 13-8 16-2 12.2 71 5.7 239-2 180-7
Total 2293 9594 1752 7330 59.2 45.9 22.5 176 199 15-4 99 84 3356 2755 »
%E 232 236 89 9-0 7-8 7-9 39 4.3 54.9 59.0 I
Target 24 24 8 8 ?W
HSF diet =
Butter 20-0 10-0 147 615 74 310 16-3 82 10-8 5.4 4.0 2.0 0-5 0-3 0-0 0-0 =
Full-fat cheese 25.0 15.0 103 431 62 259 86 5.2 5.4 33 24 1.4 0-4 0-2 0-0 0-0 g
Full-fat milk 230-0 190-0 152 636 125 523 9-0 74 5.5 4.6 25 21 0-2 0-2 11.0 91 2
Carbohydrate (one less portion/d) —30.0 —30:0 -7 — 297 -71 - 297 -0-6 -0-6 —0-1 —01 —01 —-01 -0-2 -0-2 —-14.8 —-14.8
Study snacks (mean of two) 35-5 35-5 179 749 179 749 11.2 11.2 5-6 5-6 4.3 4.3 0-6 0-6 175 14.5
Control oil 2.0 2.0 18 75 18 75 2.0 2.0 0-8 0-8 0-4 0-4 0-4 0-4 0-0 0-0
Intake of less exchangeable foods 1760 7364 1246 5213 479 36-0 18-2 13-8 16-2 12.2 71 5.7 2392 180-7
Total 2467 10322 1812 7581 1056 80-5 51.9 38-9 33.9 26-5 9.7 78 2705 210-0
%E 385 40-0 189 19-3 12.4 13-2 35 39 411 43.5
Target 38 38 18 18
HSF-DHA diet
Exchangeable foods as for the 280-5 220-5 511 2138 369 1544 44.5 314 27.2 187 130 9.7 1.5 11 13-8 88
HSF diet
DHA-rich oil 6-0 6-0 54 226 54 226 6-0 6-0 0-6 0-6 0-5 05 4.0 4.0 0-0 0-0
Intake of less exchangeable foods 1760 7364 1246 5213 479 36-0 182 13-8 16-2 12.2 71 5.7 239-2 180-7
Total 2503 10473 1848 7732 109-6 845 51.7 387 33.9 26-6 13.2 11-4 2705 210-0
%E 394 411 186 189 12.2 12.9 4.8 5.5 40-5 426
Target 38 38 18 18

CHO, carbohydrate; LF, low fat; %E, percentage of energy; HSF, high saturated fat; HSF-DHA, high saturated fat plus DHA.
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subjects were advised to alter their snack or CHO intake
accordingly. Capsules were returned at the end of each dietary
period and counted to assess compliance.

Assessment of dietary intake

Participants completed four 3 d weighed diet diaries over two
weekdays and one weekend day. The first was the habitual
diet diary completed before undertaking the LF diet and one
during weeks 4—5 of each of the three dietary periods. Partici-
pants were provided with scales, detailed instruction sheets
and example diaries. Recipes used in cooking and packaging
from processed foods were collected by the participants and
added to the dietary database. Diet diaries were analysed
using the software Dietplan 6.60 (Forestfield Software). For a
small number of the low-fat study foods, full fatty acid profiles
were not available on Dietplan because these products have
only recently become available in the supermarkets. The com-
position of study foods was added to the database. In these
cases, information derived from both food labels and personal
communication with the food manufacturers was used to
update the dietary analysis program. Where full fatty acid
profiles could not be obtained from manufacturers, these
were estimated using data from similar products listed in an
International database provided by the Australian Food Stan-
dards Agency (NUTTAB 2000). Individual recipes used by par-
ticipants were also added to Dietplan and cooking losses were
automatically calculated by the software.

Assessment of plasma phospholipid fatty acid status

Fasting plasma phospholipid fatty acids were measured to
provide an objective indication of dietary compliance to the
fat manipulation. Lipid extraction, phosphatidylcholine iso-
lation using solid-phase extraction, transmethylation and
methyl ester separation by gas-phase chromatography were
carried out using methods described previouslym). Fatty
acid methyl esters were identified by comparison of retention
times against known standards, Supelco 37 component FAME
mix and PUFA-3 Menhaden oil (Supelco). Due to previous
findings that changes in lipid profile in response to DHA sup-
plementation differ between apoE4 carriers ». non-car-
(01213 shospholipid fatty acid status was analysed with
respect to genotype in order to ascertain whether the E4 iso-
form may alter incorporation of LC 7-3 PUFA into phospholi-
pids. To our knowledge, only two studies have examined
phospholipid fatty acid status with respect to genotype®?,
both with relatively small subject numbers (7 8 carriers, n 20
non-carriers and » 18 carriers, n 20 non-carriers, respectively).

riers

Statistical analysis

SPSS (version 17.0; SPSS, Inc.) was used to perform all statisti-
cal analysis. Variables which were not normally distributed
(determined by the Shapiro—Wilk test) were subjected to
either logarithmic (In or log;o) or square-root transformation.
A general linear model was used to compare the dietary
data at baseline and during the three dietary periods.

Significant differences were explored using paired ¢ tests
with a Bonferroni correction. Variables which could not be
normalised (%E alcohol, %E protein, %E non-milk extrinsic
sugar, vitamin D, %E MUFA, %E 7-3 PUFA, %E 7-6 PUFA,
Na, EPA, docosapentaenoic acid, phospholipid fatty acid
data) were compared using Friedman’s non-parametric test
and significant differences were explored using Wilcoxon’s
signed-rank test with Bonferroni correction. Sex and genotype
were examined as between-participant factors. Plasma phos-
pholipid fatty acid data were not normally distributed and so
were compared using Friedman’s non-parametric test, and
significant  differences were explored using Wilcoxon’s
signed-rank test with Bonferroni correction. Differences in
the phospholipid fatty acid data between the genotype
groups were determined using a Mann—Whitney U test.
P values =0:05 were deemed to be significant.

Results

Of the total participants, eighty-eight, n 44 E3/E3 (twenty-two
males and twenty-two females) and 7 44 E3/E4 (twenty-five
males and nineteen females), completed the study. Partici-
pants who dropped out of the study cited difficulties comply-
ing to either a LF or HSF diet, or problems with swallowing the
study capsules. In those who completed the study, capsule
compliance rates determined by the number of returned cap-
sules were 95-:0% for the LF diet, 93-8 % for the HSF diet and
86-2% for the HSF-DHA diet. Of a possible 352, 322 diet dia-
ries were completed and returned by the participants for
analysis. The reported habitual diets of the participants were
comparable with the typical UK diet""> (see Table S2 of the
supplementary material, available online at http://www.
journals.cambridge.org/bjn).

Dietary data

Diet X genotype interactions were not observed for either the
total energy or macronutrient intakes. Therefore, the nutrient
intake for the group as a whole is presented in Table 3.
Total energy intake (both including and excluding alcohol)
was significantly higher during the HSF and HSF-DHA dietary
periods compared with the LF dietary period and at baseline.
Total dietary fat (%E) was significantly reduced from 37-1 %E
for the habitual diet to 25-1%E during the LF diet (target
24%), and then significantly increased to 42-8 and 410 %E
for the HSF and HSF-DHA diets, respectively (target 38 %E).
CHO was significantly increased from 45-4 %E at baseline to
55'1%E during the LF diet (target 59 %E), and then signifi-
cantly reduced to 42-2 and 43-6 %E during the HSF and HSF-
DHA diets, respectively (target 45%). Dietary protein intake
was significantly lower in the HSF diets. SFA was significantly
reduced from 13-2 to 8:3 %E (target 8 %E) during the LF dietary
period, and significantly raised to 19-3 and 18-6 %E, respect-
ively, on the HSF and HSF-DHA diets (target 18 %E).
Habitual LC 72-3 PUFA intakes of 69-8 mg/d (total EPA, doc-
osapentaenoic acid and DHA) were evident, an amount
marginally lower than observations in the general UK
population (the SACN reported an intake of 0-1g/d in
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Table 3. Reported composition of the diets
(Mean values with their standard errors)
Habitual (n 82) LF (n 82) HSF (n 80) HSF-DHA (n 78)
Mean SEM Mean SEM Target Mean SEM Target Mean SEM Target P

Total energy (including alcohol) <0-001

kcal 21042 80 1848° 57 2426° 79 2227° 66

kJ 8803 335 7732° 238 10150° 331 9318° 276
Total food energy <0-001

kcal 20072 79 1739° 57 2309° 72 2137° 61

kJ 83972 331 7276° 238 9661° 301 8941° 255
%E from fat 3712 0-8 25.1° 0-9 24 42.8° 0-8 38 41.0° 0-8 38 <0-001
%E from CHO 45.42 0-8 55.1° 1-0 59 42.2° 0-8 45 43.6° 0-8 45 <0-001
%E from protein 17.82 0-8 19.2° 0-6 14.8° 04 14.9° 0-4 <0-001 b
%E from alcohol 4.83° 0-6 6.0° 0.7 4.67° 06 3.8° 05 0008 %
%E from SFA 13.2% 0-5 8.3° 0-4 8 19-3° 0-5 18 18.6° 0.5 18 <0-001 &
%E from MUFA 12.62 0-4 8.3° 0-4 8 14.0%° 0-4 12 13.5° 0-3 12 <0-001 s
%E from PUFA 5.82 0-4 4.5° 0-3 6 4.8° 0-2 6 4.7° 0-3 6 <0-001 N
%E from trans 0-84% 0-1 0-49° 0-1 0-75% 0-0 0.73% 0-0 <0-001 ;’
Cholesterol (mg) 261%P 16 2062 13 302° 21 278P 16 <0-001 =~
%E from n-3 PUFA 0-36% 0-0 0-26° 0-0 0-34% 0-0 0-352P 0-0 0-025
%E from n-6 PUFA 2.6° 02 2.0° 02 2.3%0 02 2.0 02 0-007
EPA (mg/d) 27.6% 69 4.0° 0-8 20.28 21 524.3° 4.1 <0-001
DPA (mg/d) 16.3° 1.9 10-6° 1.8 27.1° 2.8 215.59 33 <0-001
DHA (mg/d) 25.92 6-1 11.78 2.3 15.42 29 3017-3° 3.7 <0-001
Fibre (NSP, g/d) 15.9% 0-7 19.6° 0-8 16-8° 07 16.72 0-6 <0-001
%E from sugar 19.82 0-8 23.1° 09 17.92 0-8 18.22 0-8 <0-001
%E from starch 23.7% 07 29.3° 1.0 20.4° 17-8 21.5° 07 <0-001
%E from NMES 3.9° 0-4 3.8%P 05 3.52P 371 3.1° 0-4 0-019
Vitamin D (p.g/d) 2.9 03 3.4 05 2.7 03 25 02 0-096
Na (mg/d) 2980-2 155-8 27111 110-0 3086-6 174.3 2922-4 150-2 0-324

LF, low fat; HSF, high saturated fat; HSF-DHA, high saturated fat plus DHA; %E, percentage of food energy; CHO, carbohydrate; DPA, docosapentaenoic acid; NMES, non-milk extrinsic sugars.
ab Mean values within a row with unlike superscript letters were significantly different.
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1994, Inclusion of the study DHA-rich capsules increased
intakes to 3-8 g/d, of which 80-3% was DHA. When the sup-
plement intake is excluded, dietary DHA intake was not sig-
nificantly different across all diets. Fibre, starch and sugar
intakes were significantly higher during the LF diet compared
with the other diets.

Apart from a difference in overall energy intake and fibre,
there were no significant differences in the dietary intake
between the male and female participants during the interven-
tion period, which suggests equal compliance to the diets
(data not shown).

To assess the quality of the dietary data, Schofield equations
were used to estimate BMR. Values were multiplied by a
physical activity level of 1-6 to calculate the participants’ aver-
age energy requirements. Based on these calculations, partici-
pants appear to have under-reported their energy intakes both
at baseline and during the LF diet, as reported energy intakes
were lower than required energy intakes by 16-9 and 24-0 %,
respectively. Similarly during the HSF and HSF-DHA diets,
values of under-reporting were 3-1 and 7-4%, respectively.
However, these conclusions are based on the assumption
that the participants maintained a constant body weight
throughout the intervention. In the case of the LF diet, there
was a small reduction in the body weight of approximately
1kg, which was clinically insignificant, but did reach statistical
significance (P<<0:001). The mean body weight of the partici-
pants was as follows: visit 1 (baseline) 76-5 (sp 1-6) kg, visit 2
(post-LF diet) 757 (sp 1-5) kg, visit 3 (post-HSF diet) 76-5 (sD
1-5) kg, visit 4 (post-HSF-DHA diet) 77-5 (sp 1:5) kg. This
suggests that 24 9% under-reporting during the LF dietary arm
was an overestimate.

Phospholipid fatty acid composition

At baseline, 449, 13:6 and 41-5% of plasma phospholipids
were SFA, MUFA and PUFA, respectively, with no significant
diet X genotype interaction evident for these fatty acid classes
during the sequential dietary intervention. In the group as a
whole, the proportion of EPA (2:9% v. 5:1%, P<0-001) and
DHA (82% v. 41%, P<0-001) increased by 2-fold following
consumption of DHA-rich capsules for 8 weeks (Fig. 1(a)
and (o), respectively). There was no significant change in
any other measured plasma phospholipid fatty acids in the
group as a whole or according to the APOE genotype (Fig. 1).

Discussion
Achievement of dietary targets

The dietary strategy developed for the SATgene study was suc-
cessfully implemented using commercial food items and diet-
ary targets were broadly met. In general, compliance of the
participants lead to overachievement of the targets particularly
with regard to fat intake, where the mean %E from fat intake
during the HSF diets was 42-8 and 41:0% for HSF and HSF-
DHA, respectively (target 38%). These results can probably
be attributed to the high motivation among the participants,
the continuous support and encouragement supplied by
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Fig. 1. Mean proportions of (a) EPA, (b) DPA (docosapentaenoic acid) and
(c) DHA in plasma found in the group as a whole (m), E3/E3 individuals (1)
and E3/E4 individuals (M). LF, low-fat diet; HSF, high-saturated fat diet;
HSF-DHA, high-saturated fat plus DHA diet. Values are means, with stan-
dard errors represented by vertical bars. * Proportions of EPA and DHA were
significantly higher after the HSF-DHA diet v. the other dietary periods
(P<0-001).

researchers, and also the careful selection of a wide range of
desirable study foods in order to prevent ‘product boredom’.
However, it must also be pointed out that there may be inac-
curacies in the dietary data due to ‘desirability bias’, i.e. partici-
pants recording what they had been asked to consume rather
than what they actually had eaten. Compared with other
dietary manipulation strategies, the SATgene exchange
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model was unique because commercially available products
were exclusively used to aid achievement of dietary targets
as opposed to using products specifically formulated for the
study(7'8’l(’). The advantage of using commercial products
available in the supermarkets is that the specified diets used
in SATgene could be easily used by other investigators
wishing to investigate similar dietary targets. Furthermore,
the diets were palatable, well tolerated and acceptable to
the study participants, although many of the HSF products
were more popular among the volunteers than the LF pro-
ducts. The results illustrate that marked dietary manipulation
can be successfully implemented, using commercial foods
over a relatively long dietary intervention period.

In the present study, subjects were required to record 3d
diet diaries during each of the intervention periods. Limi-
tations of this approach include the chance of missing less
frequently consumed foods such as fish. In addition, the
available nutrient databases contain incomplete information
on the LC n-3 PUFA content of some foods, which may
have contributed towards an underestimation of LC n-3
PUFA consumption in our subjects. These issues should be
addressed in future dietary intervention studies.

There are significant seasonal effects on dietary intake
which can be an important confounder in dietary intervention
studies, particularly those which are not randomised. The
nature of the present study design did not allow random
allocation of participants to the diets. However, within the
SATgene study, seasonal influences were reduced by splitting
the subject group into two cohorts, which commenced their
sequential diets at different times of the year (July—January
or January—July), and staggering the baseline dates of the
volunteers. Each cohort was also balanced for sex and
number of apoE3/E3 and E3/E4 individuals.

One of the aims of the present study was that the three diets
were isoenergetic. However, according to the dietary data,
energy intake (both including and excluding alcohol) was sig-
nificantly higher during the HSF diets compared with the LF
and habitual diets, possibly due to the desirability and over-
consumption of the HSF snacks. Many volunteers also com-
mented that being on the study gave them an ‘excuse’ to eat
other high-fat foods in excess. The consequential lower diet-
ary energy intake during the LF dietary period may have
reflected the challenge of replacing the dietary energy from
fat with sufficient energy from CHO. Both the RISCK® and
LIPGENE"” multicentre dietary intervention studies have also
reported that subjects had a lower energy intake while follow-
ing LF diets compared with HSF diets despite the diets being
designed as isoenergetic. The subjects’ weight decreased by
1-1% by the end of the LF dietary period and increased by
0-7% by the end of the HSF-DHA dietary period. Although
statistically significant, these weight changes would be pre-
dicted to have minimal clinical significance, as they equated
to less than 1kg in both cases. This magnitude of weight
change was also observed during the LF diets of both the LIP-
GENE"” and RISCK"” studies.

Protein intakes also varied during the intervention as higher
levels were consumed during the HSF diets v. the LF diets.
This could possibly have been due to the fact that, on average,

there was a higher protein content in the LF snacks than in the
HSF snacks (see Table S1 of the supplementary material, avail-
able online at http://www.journals.cambridge.org/bjn). As
expected, replacing fat with CHO led to higher intakes of
fibre, starch and sugar during the LF diet compared with the
other diets. An inadvertent rise in both salt and non-milk
extrinsic sugar intake during the HSF diets could be expected
due to the nature of the snacks provided, yet Na was not sig-
nificantly different across all diets. The %E from non-milk
extrinsic sugar was in fact lower during the intervention
diets compared with the participants’ habitual diets. After
examination of the diet diaries, it was evident that subjects fol-
lowed the instructions to keep their fruit and vegetable intake
constant throughout the intervention. The higher sugar intake
reported during the LF diet could be attributed to an increase
in milk consumption, which may have been associated with
extra breakfast cereal eaten to achieve the advised increase
in CHO intake. It should be noted that the manner in which
subjects chose to increase their CHO intake may have differed
since starchy foods were not provided as part of the study.

The increase in EPA plasma phospholipid levels could be
due to a combination of the 0:5g/d of EPA present in the
DHA-rich supplements and/or the endogenous retro-conver-
sion of DHA consumed. This and the 2-fold increase in the
proportion of DHA in plasma phospholipids provide evidence
of capsule compliance. The observation that total SFA did not
increase after the HSF and HSF-DHA diets supports previous
studies that have indicated plasma saturated fat content is unli-
kely to reflect dietary intake since SFA can be synthesised
endogenously™®. APOE genotype did not have an impact
on baseline or post-treatment phospholipid fatty acid status.
This supports data found in previous studies®'® in which
similar proportions of EPA and DHA were observed in
plasma phospholipids after supplementation with LC 7-3
PUFA in E4 carriers v. non-carriers. Interestingly, in the study
of Plourde et al.*?, a genotype effect was observed on the
EPA and DHA content of plasma NEFA and TAG, respectively,
with a lower incorporation evident in E4 carriers ». non-car-
riers, a finding worthy of further investigation.

Challenges encountered

A number of challenges were encountered during the running
of the SATgene study. Keeping a large group of volunteers
with varying lifestyles and dietary habits motivated to adhere
to unfamiliar diets and consume often novel products during
a 24-week intervention period was certainly a challenge.
The first task was to select products that were palatable and
sufficiently varied to promote compliance, and, overall, the
diets had to be nutritionally adequate while achieving
the required dietary targets. One problem experienced by
the researchers was that some of the products used were dis-
continued by the manufacturers during the study and there-
fore no longer available to the participants. In such cases,
similar alternative products were sought, but this did result
in some products differing between the two cohorts. Provid-
ing a range of foods that was suitable for vegetarians was
important so as not to exclude this group from the study.
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Due to the 6-month duration of the intervention, most of the
participants went on holiday during this period and were
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therefore unable to completely abide to the prescribed diets.
Holidays and social events such as Christmas also added to
weight fluctuations among the participants, which could not
be controlled. Such problems were overcome by suggesting
alternative foods that may be consumed if subjects were
eating outside of the home. The fact that all study snacks
could be stored at ambient temperatures meant that volunteers
could easily take these on holiday with them.

Logistically, storage of foods can be a challenge for large
human dietary studies where intervention foods are provided
to the participants. In the case of the SATgene study, storage
of the snack foods required a large dry area at ambient tem-
perature. Butter was purchased in large amounts and frozen
at —20°C until required for consumption when it was
defrosted before distribution to the subjects. However, this
method of storage was unsuitable for the very-low-fat
spread and so a constant supply needed to be purchased
and kept refrigerated at 4°C. Required food volumes were esti-
mated based on the number of volunteers, but inevitably some
snacks were more popular than others which led to wastage.
Some of the baked goods had short shelf lives, which meant
that these products often went past their ‘best before’ date
before the subjects had a chance to consume them in the
4-week period between the food collection visits. In these
cases, additional ‘in date’ snacks were delivered to, or col-
lected by the subjects. Or, if more convenient, subjects were
asked to purchase replacement snacks and the money spent
was reimbursed. Supply of all intervention foods greatly
improved compliance to the dietary instruction and allowed
the dietary targets to be met.

In conclusion, the dietary exchange model and strategy
employed to implement the diets of varying fat content and
composition was successful using commercially available
food items. This resulted in good compliance to dietary pre-
scription with achievement of overall dietary target in the
SATgene study. Dietary analysis and plasma phospholipid
fatty acid composition supported high compliance rates
among the participants.
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