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The fatty acid composition of the diet, measured by means of a two-day record, was com-
pared with the fatty acid composition of subcutaneous body fat in 821 free-living adults, In
spite of the known imprecision of dietary survey methods, highly significant correlations
(r = 0.5) were found between the polyunsaturated fatty acid content or the polyunsaturated-
to-saturated fatty acid ratio of the adipose tissue and the corresponding variable in the diet. It
was estimated that complete elimination of the noise inherent in the measurement of an
individual’s fatty acid intake might have resulted in correlation coefficients of the order of
0.8. Analysis of subcutaneous fat biopsies merits consideration as a simple and reproducible
measure of the dietary fatty acid composition of free-living individuals.

Introduction

In intervention studies, changes in the mean fatty acid composition of subcuta-
neous body fat have proved useful for monitoring adherence to an experimental
diet (Dayton, Hashimoto & Pearce, 1967; National Diet-Heart Study, 1968;
Clarke et al, 1969; Turpeinen, 1973). As we pointed out recently (Beynen,
Hermus & Hautvast, 1980), the mean fatty acid composition of the adipose
tissue of different, independent groups of human subjects on experimental or
constant diets correlated very well with their mean qualitative dietary intake of
fatty acids. It has, however, been doubted (National Diet-Heart Study, 19?8)
whether data on adipose tissue composition would give any useful information
on the composition of dietary fatty acids of each separate individual Wlthln.a
group. Unfortunately, few other ways exist to estimate the dietary fatty acid
composition of free-living individuals. Dietary survey methods, if carefully per-
formed, can provide data on the mean composition of the diet of groups of sub-
jects, but it is widely acknowledged that they usually do not yield reliable infor-
mation on individuals (Keys, 1965; Marr, 1971; Liu et al, 1978; Beaton et al.,
1979).

MiZ:robiopsies of buttock adipose tissue can be obtained casily and with minj-
mal discomfort for the subjects using the technique of Hirsch et al. '(1960). sz
therefore decided to re-examine the question of whether the fatty acid composi-
tion of such biopsies could serve as an objective biochemical index of the fatty‘
acid composition of the diet of individuals as opposed to group means. The
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study was part of a survey of the nutritional and health status of Seventh-Day
Adventists and matched controls in the Netherlands. Seventh-Day Adventists
maintain rather strict principles with regard to health, such as abstinence from
tobacco and alcohol; some of them adhere to a lacto-ovo-vegetarian diet.

Subjects and methods

The study group consisted of 190 Seventh-Day Adventists, 73 men and 117
women, and 170 control subjects, 69 men and 101 women. All Seventh-Day
Adventists had been members of this church for at least ten years. The controls
were selected by asking each Seventh-Day Adventist to persuade four friends,
neighbours or colleagues, who did not belong to the Seventh-Day Adventist
Church, to volunteer for the study. Out of each four potential controls one was
randomly selected for participation. Fat biopsies were obtained from 159
Seventh-Day Adventists, 65 men and 94 women, and 162 control subjects, 68
men and 94 women. The age of the subjects ranged from 35 to 55 years and the
participants have been described previously (Berkel, 1979).

A two-day record method was used to assess the dietary habits of the subjects.
The subjects were individually instructed by an MSc student of the Department
of Human Nutrition. Subjects were asked to record everything they consumed
on two consecutive days and not to change their habits in any way: for example,
if a party had been arranged during the recording days, they were told to go
ahead as planned, but to make sure that they did not forget to write anything
down. Husbands were asked to fill in their booklets themselves and not leave it
to their wives. Subsequently a home visit was made by a dietitian who checked
the records, discussed ambiguous items with the subjects and measured the
volume of household utensils. Food intake data were converted into nutrients
using the 1978 edition of the computerized Dutch food table (Hautvast, 1975).

Subcutaneous adipose tissue samples were collected from the buttock accord-
ing to the method of Hirsch et al. (1960), with the exception that saline was not
injected and anaesthetics were not used. The samples were stored at —20 °C and
analysed after all samples had been collected. Methylesters of the component
fatty acids (Metcalfe, Schmitz & Pekka, 1966) were analysed by gas-liquid
chromatography using a 1.5 meter glass column filled with 10 per cent SP 2330
on 100/120 mesh Chromosorb packing (Supelco, Inc., Bellefonte, PA 16823),
with nitrogen as a carrier gas and an oven temperature of 200 °C. Data are
presented in terms of mass percentage of the methylesters of the component
fatty acids. Sampling site as a source of error was investigated by taking biopsies
from both the left and the right buttock in 15 subjects. The difference in per-
centage linoleic acid was 0.15 + 0.09 mass per cent (mean * s.d.). As a quality
control check, two samples of a commercial frying fat were analysed in each run.
The combined within- and between-run variation for this material over a two-

mont]g period, expressed as relative s.d., was 1 per cent for major and 2 per cent
for minor peaks.

Results
Table 1 presents the composition of the diet as calculated from food records.
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Separate data are given for males and females, and for vegetarians and omni-
vores. The omnivorous subjects had a dietary pattern similar to that in other
Western populations (Friend, Page & Marston, 1979). Although the Seventh-Day
Adventists on the whole had a lower fat and higher carbohydrate intake than the
control subjects, the differences were slight.

The relative percentage of dietary polyunsaturated fatty acids was highest for
lacto-ovo-vegetarians and lowest for the control subjects (Table 2). The omni-
vorous Seventh-Day Adventists formed an intermediate group. The percentage
of polyunsaturated fatty acids in the adipose tissue is compatible with this
classification, although the differences were smaller (Table 2).

The intake by the control subjects of polyunsaturated fatty acids (Table 2),
which essentially represent linoleic acid, appears to be markedly higher than that
by British subjects (Thomson et al., 1982). This is reflected by a lower relative
percentage of linoleic acid in the adipose tissue of British subjects (Katan & Bey-
nen, 1981), when compared to the control subjects in the present study (Table
2). However, the content of linoleic acid in the adipose tissue of our Dutch
subjects agrees well with that in Americans (Katan & Beynen, 1981).

Table 2. Mean values *s.d. of the proportion of polyunsaturated fatty acids in the diet and m
the adipose tissue of Dutch Seventh-Day Adventist lacto-ovo vegetarians (SDA-vegetarians), in
Seventh-Day Adventist omnivores (SDA-omnivores) and in the control subjects.

Polyunsaturated fatty acids (g/100 g of total fatty acids)

Subgroup Dietary fat Adipose tissue
SDA-vegetarians (n = 43) 23.0 £8.5% 18.6 £ 5.2
SDA-omnivores (n=116) 19.7 £ 7.6% 17.8 £ 4.7
Controls (n=162) 174 6.4% 15.3 £ 3.2%

*Significantly different from both other subgroups (P < 0.05, two-tailed Student’s #-test).

Linear correlation coefficients were calculated for all combinations of dietary
and adipose tissue relative percentages of polyunsaturated, monounsaturated and
saturated fatty acids as well as their ratios. Table 3 documents these correlation
coefficients as calculated for all subjects studied. The highest correlation coeffi-

Table 3. Linear correlation coefficients between the fatty acid composition of the diet and of
the adipose tissue for all subjects combined (n = 321). P = polyunsaturated, M = monoun-
saturated and S = saturated fatty acids, expressed as g/100 g total fatty acids. All values higher
than 0.11 differ significantly from zero at the 95 per cent level. With this number of subjects,
a correlation coefficient of 0.50 has 95 per cent confidence limits of 0.41 and 0.58.

A'dipose Dietary fat variable

tissue

variable P M S P/S M/P S/M
P 0.54 —0.22 —0.47 051 —0.52 —0.26
M —0.39 0.22 0.30 —0.36 0.34 0.13
S —0.24 0.03 0.24 —0.22 0.27 0.17
P/S 051 —0.19 —0.46 0.49 —0.49 ~0.27
M/P ~0.48 0.16 0.43 —0.43 0.50 0.27
S/M 0.05 —0.10 —0.00 0.04 —0.00 0.05
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cients were obtained when polyunsaturated fatty acids were present in both the
dietary and adipose tissue parameter. Sex and age were not taken into considera-
tion in this analysis, since their influence on adipose tissue fatty acid composi-
tion of adults is negligible (Heffernan, 1963; Heffernan, 1964; Insull & Bartsch,
1967; Baker, 1969).

It could be argued that the observed relationship between dietary and adipose
tissue fatty acids for the total sample (Table 3) was caused by subgroups with
differing dietary habits. In general, if a sample such as ours is not distributed
normally but instead contains clusters of subjects at the extreme ends of the
scale, then correlation coefficients may be artificially elevated. However, Table
4 reveals that statistically significant correlation coefficients between the fatty
acid composition of the diet and that of the adipose tissue were also obtained
within each of the three dietary subgroups separately. This suggests that the
relationship between dietary and adipose tissue fatty acids holds for individuals.

Table 4. Linear correlation coefficients between the fatty acid composition of the diet and the
adipose tissue within the subgroups of Seventh-Day Adventist lacto-ovo vegetarians (SDA-
vegetarians, n = 43), Seventh-Day Adventist omnivores (SDA-omnivores, n = 116) and
controls (n = 162). P = polyunsaturated, M = monounsaturated and S = saturated fatty acids,

expressed as g per 100 g of total fatty acids.

Aipose Dietary variable

tissue Subgroup

variable P P/S M/P

P SDA-vegetarians 0.60 0.59 —0.50
SDA-omnivores 0.57 0.49 —0.60
Controls 0.40 0.39 —0.38

P/s SDA-vegetarians 0.61 0.63 —0.50
SDA-omnivores 0.51 0.46 —0.52
Controls 0.40 0.38 —0.39

M/p SDA-vegetarians —0.45 —0.40 0.44
SDA-omnivores —0.52 —0.44 0.62
Controls —0.39 —0.38 0.38

All correlation coefficients were significantly different from zero at the P=0.01 level.

Discussion

Dietary surveys, if properly conducted can give 1.*eliab1e esti.ma_tif)ns of the mean

fatty acid composition of the diet of groups. Estimates for individuals, however,

show a large standard error (Keys, 1965; Marr, 1971;. Liu et a.l., 19 7-8; Beaton et

al, 1979), and little or no progress has been made in reducing this exror. Our

present observations suggest that the composition of bf)dy fat, which has already

proved its usefulness in assessing the mean fatty acid composition of grou}?j
- (Beynen et al., 1980), can also be used to asscss the qualitative dietary fatty aci

intake of separate individuals.

The data show rather high corre
composition of the diet and that of t
The highest correlation cocfficients were
acids were present in both the dietary an

lation coefficients between the fatty acid
he subcutaneous fat stores in individuals.
observed when polyunsaturated fatty
d the adipose tissue parameter. This
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may be related to the fact that the main polyunsaturated fatty acid in the body,
linoleic acid, is entirely of exogenous origin. The relative percentage of saturated
and monounsaturated fatty acids in adipose tissue, on the other hand, may be
influenced by factors other than their content in the dietary fat, eg carbohy-
drate intake, alcohol consumption and interconversion of saturated and mono-
unsaturated fatty acids.

The half-life of adipose tissue fatty acids in man is of the order of 600 days
(Hirsch et al, 1960; Dayton et al., 1966) and thus the fatty acid profile of body
fat should reflect the average fatty acid composition of the diet over a period of
about three years (Clarke et al, 1969; Turpeinen, 1973; Beynen et al, 1980).
For obtaining information on dietary habits over such a long period, a cross-
check dietary history method might appear more appropriate than the two-day
record method used in the present study. However, we felt that this method was
too demanding for our subjects and might have jeopardized their cooperation.
We assumed, moreover, that in this age group dietary habits would not have
changed much over the past few years. This assumption seems to be justified by
the observed, relatively high correlation coefficients between dietary and adipose
tissue fatty acids.

If the fatty acid composition of body fat is to be accepted as a valid measure
of the fatty acid composition of the diet, then the observed correlation coeffi-
cient between the two ought to be close to unity, provided that both parameters
can be accurately measured. We observed a correlation coefficient between eg
the ratio of polyunsaturated to saturated fatty acids (P/S ratio) i the diet and
in the adipose tissue in the order of 0.50, which implies that 25 per cent of the
variance of adipose tissue fatty acids between individuals is accounted for by
differences in dietary fat composition. However, it is well known that such
correlations are degraded by the shortcomings of the dietary survey method for
individuals. The reasons for this have been amply reviewed (Keys, 1965; Liu et
al., 1978; Beaton et al, 1979). An important problem with the dietary record
method is the large day-to-day variation in the amount and composition of
consumed by one person. The composition of adipose tissue, on the other hand,
1s quite insensitive to short-term fluctuations (Hirsch et al, 1960; Dayton et al.,
1966, 1967). .

The weakening effect of within-person variability in food intake on the corre-
Iatilon coefficient between diet and physiological variables can be calculated. For
this calculation one needs to know the quotient of two variances related to diet-
ary intake, namely day-to-day variance within persons, and the variance between
pexsons. For the dietary P/S ratio, Beaton et al. (1979) found relative standard
deviations within and between persons of 52 and 26 per cent, respectively, for
24-‘hour recalls in North American adults. With two-day records and a variance
fatl_oal"f (52/26)*=4, any corrclation between the dietary P/S ratio and physio-
ogical parameters such as body fat composition would be degraded by a factor
of NA1+4/2) = 1.73 (Beaton et al, 19p79). This suggests thgat the chrelation
between the long-term average dietary P/S ratio and the adipose tissue P/S ratio
might be as high a5 0.85 (1.78 x 0.49) instead of the value of 0.49 observed here-
In that case 72 per cent of the variance between individuals in fat tissue would
be accounted for by variance in dietary fatty acid intake. The value of 0.85
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agrees well with the correlation coefficient of 0.82 earlier calculated (Beynen
et al., 1980) between the mean P/S ratios of the diet and of the adipose tissue of
various groups of people. In this case the effect of within-person day-to-day
fluctuations in food intake was eliminated by using group means.

In conclusion, we suggest that the fatty acid composition of an individual’s
fat tissue is a valid index for the habitual fatty acid composition of the diet of
individuals. Absolute proof of this is difficult to obtain because the true long-
term food intake of a free-living individual is almost impossible to measure
(Keys, 1965; Marr, 1971; Liu et al, 1978; Beaton et al., 1979). However, our
data, combined with statistical considerations regarding dietary survey methods
suggest a very high correlation. An additional advantage of the biopsy method is
that, unlike dietary survey methods, the day-to-day variation for an individual is
negligible (Hirsch et al, 1960; Dayton et al., 1966, 1967).
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