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Abstract Twenty patients consumed a liquid diet in which the
predominant fatty acids were either saturated (Sat), monoun-
saturated (Mono), or polyunsaturated (Poly). The fats in these
three diets comprised 40% of total calories and consisted of palm
oil, high-oleic safflower oil, and high-linoleic safflower oil,
respectively. During the third and fourth week of each dietary
period, multiple samples of blood were taken and were analyzed
for plasma total cholesterol (TC), triglycerides (TG), and choles-
terol in lipoprotein fractions (VLDL-C, LDL-C, and HDL-C).
Twelve of the patients had normal TG levels; in these patients,
both Mono and Poly diets caused statistically significant and
equal lowerings of plasma LDL-C, but the Poly diet lowered
HDL-C levels more frequently than did the Mono diet. Neither
diet changed the level of plasma TG. The proportions of total
protein and the various lipid components in isolated fractions
(VLDL, IDL, LDL, HDL) were not altered by the two diets.
Eight patients had hypertriglyceridemia; these individuals
showed considerable variability in response to Mono and Poly
diets. Although there was a trend towards reductions in TC and
LDL-C levels by both types of unsaturated fats, the changes
were inconsistent; furthermore, HDL-C concentrations were
low on the Sat diet and were unaffected by either the Mono or
the Poly diet. Bl The results of this study show that oleic acid is
as effective as linoleic acid in lowering LDL-C levels in normo-
triglyceridemic patients, and oleic acid seemingly reduces HDL-
C levels less frequently than does linoleic acid. Neither type of
unsaturated fat had striking effects on lipoprotein levels of
hypertriglyceridemic patients. —Mattson, F. H., and S. M.
Grundy. Comparison of effects of dietary saturated, monoun-
saturated, and polyunsaturated fatty acids on plasma lipids and
lipoproteins in man. J. Lipid Res. 1985. 26: 194-202.
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Polyunsaturated fatty acids are known to reduce the
plasma cholesterol when exchanged for saturated fatty
acids. This has led to an emphasis on raising poly-
unsaturates in the diet; less attention has been given to
decreasing saturates and, in fact, the consumption of
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saturated acids in the American diet has changed little (1).
Recently, however, there is a growing concern that
habitual intakes of large quantities of polyunsaturates
may not be healthy. Their long-term safety has not been
proven; they promote carcinogenesis in experimental ani-
mals (2), alter the composition of cell membranes (3),
possibly raise risk for gallstones (4), and may reduce high
density lipoproteins (HDL) (5-8).

These concerns about polyunsaturated fatty acids have
led many investigators to favor carbohydrates as a replace-
ment for saturated fatty acids. Rates of coronary heart
disease (CHD) tend to be low in populations consuming
high-carbohydrate, low-fat diets. These diets, however,
are unpalatable to many people and alternative diets are
needed. One possibility is to replace saturated fatty acids
with monounsaturated fatty acids. The latter have been
consumed in large quantities in the Mediterranean region
where olive oil is used and where CHD rates are relatively
low (9). If these fatty acids effectively lower cholesterol
levels, they might be considered as an alternative to poly-
unsaturated fatty acids. Theoretical advantages of mono-
unsaturates are that they are synthesized normally by the
body and are less susceptible to chemical oxidation than
polyunsaturates.

Of interest, little attention has been given to metabolic
effects of monounsaturates. They are commonly thought
to be “neutral” in their actions on plasma cholesterol
levels. Unfortunately, no information is available about
the relative influences of polyunsaturates and monoun-
saturates on the different lipoproteins of plasma. The pur-
pose of the present study was to make this comparison.

Abbreviations: TC, total cholesterol; TG, triglycerides; C, cholesterol;
VLDL, very low density lipoprotein; IDL, intermediate density lipo-
protein; [LDL, low density lipoprotein; HDL, high density lipoprotein.
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METHODS

Patients

Twenty patients were studied on the metabolic wards of
the Veterans Administration Medical Centers in either
Dallas, Texas or San Diego, California. Their clinical
characteristics at the time of admission are shown in
Table 1. All but two had plasma total cholesterol (TC)
levels over 200 mg/dl at time of admission (mean = 263
+ 50(SD) mg/dl). Their admission levels of plasma tri-
glycerides (TG) ranged from 111 to 496 mg/dl. Some
patients had a history of atherosclerotic disease, but none
had recent myocardial infarction, unstable angina pec-
toris, or congestive heart failure. Also, none had disease
of the liver, gastrointestinal tract, kidneys, or endocrine
system. The protocol used in this study was approved by
the appropriate institutional review boards, and all pa-
tients gave informed consent for the studies.

Diets

Throughout the study, participants received a liquid
formula diet (10), which supplied 40% of calories as fat,
44% as carbohydrate, and 16% as protein. To obtain a
high intake of saturated, monounsaturated, or polyun-
saturated fatty acids, the sole fats in these diets were palm
oil, high-oleic safflower oil, or high-linoleic safflower oil,
respectively. The distribution of fatty acids in these oils is
given in Table 2. Assignment of the patients to the se-
quence of diets was in random order. Caloric intake was
adjusted as needed to maintain the initial body weight.
Each diet was consumed for 4 weeks. Fatty acids from

TABLE 1. Clinical data

Ideal Body
Patient Age Wt Weight
yr kg %
1 50 60 100
2 53 76 110
3 52 72 100
4 66 74 107
5 47 51 85
6 60 70 105
7 59 82 110
8 69 68 100
9 59 63 100
10 64 71 100
11 68 61 100
12 62 61 119
13 52 91 110
14 65 116 128
15 63 88 137
16 53 78 113
17 57 96 126
18 60 75 110
19 60 75 108
20 55 96 147

TABLE 2. Composition of dietary fats

Diet
Fatty
Acid Sat” Mono® Poly*
wt %

12:0 0.1 0.1 0.3
14:0 0.9 0.1 0.3
16:0 43.4 5.1 6.4
18:0 4.9 2.4 2.7
20:0 0.4 0.6 0.9
22:0 0.3 0.4
24:0 0.2
16:1 0.4 0.1 0.1
18:1 39.6 73.3 14.6
18:2 9.8 17.4 72.8
18:3 0.3 0.5 0.5
Sat, total 49.7 8.6 11.2
Mono, total 40.0 73.4 14.7
Poly, total 10.1 17.9 73.3
Sat, <18:0 44.4 5.8 9.7
“Palm oil.

*High oleic safflower oil.
‘High linoleic safflower oil.

random samples of diet were analyzed by gas-liquid
chromatography to verify the correct diet.

Blood samples

On days 17, 19, 20, 24, 26, and 27 of each period, fast-
ing blood samples were drawn into tubes containing per
ml of blood: 1.5 mg of EDTA, 1.0 mg of sodium azide, and
0.83 mg of p-chloromercuriphenol sulfonic acid. All
samples were analyzed in the laboratory of the Lipid
Research Clinic of the University of California, San
Diego. For blood samples obtained in Dallas, the plasma
was separated on site by centrifugation, packed in wet ice,
and shipped to San Diego.

Each sample was analyzed by the Lipid Research
Clinics procedures (11) for TC and TG on the Auto-
Analyzer II and for cholesterol in very low density lipo-
proteins (VLDL-C), low density lipoproteins (LDL-C),
and high density lipoproteins (HDL-C).

Equal portions of the six plasma samples for each
dietary period were pooled. VLDL, intermediate density
lipoproteins (IDL), LDL, and HDL were obtained for
analysis by successive 24-hr preparative ultracentrifuga-
tions at densities 1.006, 1.019, 1.063, and 1.21 g/ml,
respectively. The VLDL, LDL, and HDL fractions were
suspended in saline of appropriate density and centri-
fuged again for 24 hr. The isolated LDL and HDL frac-
tions were dialyzed to a density of 1.006 g/ml. All samples
were stored at 4°C until compositional analyses were
completed. Analyses were begun within 2 weeks. The pro-
cedures were the following: TC and TG with Auto-
Analyzer II (11), free cholesterol and cholesteryl ester
using the Boehringer Mannheim enzyme kit (12); total
phospholipid by colorimetric determination of phospho-
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lipid (13); total protein on delipidated samples by a
modification (14) of the method of Lowry et al. (15) using
bovine serum albumin as a standard.

For each dietary period, two additional pools of plasma
were prepared. One contained equal amounts of the
plasma from the third week of each period (days 17, 19,
and 20) and from the fourth week (days 24, 26, and 27).
The HDL fraction was obtained by heparin-manganese
precipitation; the method was identical to that of the
Lipid Research Clinics procedure (11) except that 2 M
manganese chloride was used for this isolation. HDL, was
removed with dextran sulfate by the method of Gidez et
al. (16); it was found that centrifugation at 10,000 rpm for
10 min was necessary to obtain complete precipitation of
HDL,; and a clear supernatant which contained HDL;.
The cholesterol content of the total HDL and HDL.; was
determined on the Auto-Analyzer II; that of HDL, was
obtained by difference.

A comparison of lipoprotein levels for each subject of
the three samples taken during week 3 with those taken
during week 4 showed no differences. Therefore, the
results for both weeks were pooled. Also, the plasma lipid
and lipoprotein levels obtained on any diet could not be
related to the sequence in which the fats were given.

RESULTS

The levels of TC, TG, VLDL-C, LDL-C, and HDL-C
attained by all patients on each of the three diets are sum-
marized in Table 3. Compared to the Sat diet, both un-
saturated fatty acids caused significant reductions in TC
and LDL-C, although there were no differences in degree
of reductions between the two fats. No changes overall
were produced by either unsaturated fat in levels of TG,
VLDL-C, or HDL-C. However, considering the fact that
the metabolism of each lipoprotein fraction (VLDL,
LDL, and HDL), as well as the metabolism of cholesterol
and bile acids, is markedly deranged in patients with
hypertriglyceridemia (17-20), it would not be surprising if
their responses to diet also were to differ from those of

TABLE 3. Mean levels of lipids and lipoprotein-cholesterol attained
by all patients in each of three dietary periods

Lipid or Lipoprotein Fraction

Diet TC TG LDL-C VLDL-C HDL-C
mg/dl + SEM

Sat 224 + 10 259 + 39 143 ¢+ 11 42 + 7 39 + 2

Mono 197 + 6° 249 + 38 119 + 8° 40 + 6 38 + 2

Poly 191 + 8¢ 231 + 36° 120 + 9% 36 + 6° 35 + 2

“Values significantly lower than on Sat diet (P < 0.05, paired t-test).
*Values on Poly diet not significantly different than on Mono diet.
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normotriglyceridemic subjects. For this reason, the pa-
tients were assigned to two groups on the basis of a cut-
point for plasma TG of 210 mg/dl of the Sat diet; this level
represents the 90th percentile cut-point in TG levels for
the population of men of this age studied by the Lipid
Research Clinics (21). By this criterion, patients 1-12 were
classified as having normotriglyceridemia, and patients
13-20 had hypertriglyceridemia. The results to follow
describe the findings in these two groups.

Normotriglyceridemic patients

The lipid and lipoprotein levels for individual patients
of this group are given in Table 4 and Table 5. The group
means for changes in each plasma component, both in
concentrations and percentages, are given in Table 5.

Total lipids. Relative to the Sat period, both unsaturated
fats caused significant reductions in plasma TC in eleven
of the twelve patients (Table 4). TC levels fell by 31.1
mg/dl (12.5%) on the Mono diet and 36.9 mg/dl (15.6%)
on the Poly diet (Table 6). The percentage decrease
appeared to be a function of initial levels. Four patients
(Nos. 1, 2, 3, and 5), who had the highest TC levels on
palm oil, had average reductions of 21 and 22% on high-
oleic and high-linoleic diets, respectively. In contrast, the
four patients whose levels were below 200 mg/dl on the
Sat diet had decreases of only 8 and 12% on the Mono
and Poly diets, respectively. With few exceptions, TG
levels remained unchanged throughout the three dietary
periods (Tables 3 and 5).

Lipoprotein cholesterol. In eleven of twelve subjects, both
Mono and Poly diets significantly lowered plasma LDL-C
levels (Table 4). Compared to the Sat period, the Mono
diet lowered LDL-C by a mean of 31.3 mg/dl (17.7%), and
the Poly diet reduced LDL-C by 29.5 mg/dl (17.1%)
(Table 5). The two unsaturated fat diets had a less
uniform effect on HDL-C levels (Table 5). Whereas the
Poly diet significantly reduced HDL-C levels in nine of
twelve individuals, only four had a significant reduction
during the Mono period. In two patients, HDL-C was
significantly higher on the Mono diet than on the Sat diet;
this response occurred only in one individual on the Poly
diet. This divergence of responses in HDL-C levels be-
tween the two diets was also noted for the means of the
changes (Table 6). On the Mono diet, the change in
HDL-C, either as concentration or percentage, was small
and not statistically significant. The Poly diet caused a
significant decrease in concentrations of HDL-C (-5.0
+ 1.7 mg/dl, P < 0.02), although the percentage reduc-
tion (9.8 + 4.7%) was not statistically significant. Levels
of HDL;3-C, which were approximately 70% of total
HDL-C, showed no differences among the three dietary
periods. Only one patient on the Mono diet and three on
the Poly diet had a lower level of VLDL-C than that on
the Sat diet (Table 5).
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TABLE 4. Plasma lipid levels attained by normotriglyceridemic patients in each of three dietary periods®

Plasma Cholesterol

Plasma Triglycerides

Diet Diet
Patient Sat Mono Poly Sat Mono Poly
mg/dl + SD

1 278 + 4 218 + 10° 194 + 8 199 + 27 190 + 26 136 + 20°
2 241 + 8 200 + 9 171 + 8 95 + 18 85 + 11 73 ¢+ 17
3 320 + 13 241 + 9 242 + 6 209 + 33 160 + 16° 204 + 20
4 206 + 11 177 + 9 180 + 8 147 + 17 162 + 18 174 + 18
5 327 + 10 263 + 15° 303 + 11° 156 + 11 163 + 18 144 + 22
6 198 + 9 181 + 7 180 + 10° 112 + 13 73 + 10° 70 + 5
7 183 + 7 175 + 5 180 + 8 189 + 11 190 + 16 221 1+ 1%
8 219 + 4 213 + 14 188 + 8 127 + 7 129 + 8 120 + 8
9 203 + 10 185 + 6 172 £+ 7 119 £ 10 124 + 4 108 + 5
10 184 + 7 157 + 5° 147 + 5 174 + 25 156 + 8 160 + 10
11 203 + 2 190 + 7° 193 + 6 67 + 7 79 + 21 93 + 1%
12 171 + 6 160 + 7° 139 + 6 122 + 13 101 ¢ 7* 93 + 7

“Each value is the mean of six blood samples taken during the third and fourth week of each dietary period.
b¢Statistically significant change from Sat period (Student’s t-test, P < 0.05); *, lower; ¢, higher.

Lipoprotein composition. The percentage composition of
the isolated lipoprotein fractions is given in Table 7. None
of the values were changed significantly by any of the
three dietary fats. Since the chemical compositions of the
various lipoprotein fractions were the same regardless of
the dietary regimen, the plasma concentration of the cho-
lesterol component of a lipoprotein was a direct reflection
of the plasma concentration of the entire lipoprotein.
Thus, on the Sat diet, the mean level of LDL-total mass
averaged 516 mg/dl and it decreased to 425 mg/dl on the
Poly diet and to 417 mg/dl on the Mono diet.

Hypertriglyceridemic patients

For this group, plasma lipid concentrations for in-
dividual patients are presented in Table 8, and cor-

responding levels of LDL-C, VLDL-C, and HDL-C are
given in Table 9. The means of the changes for all eight
patients expressed as concentration and percentage are
presented in Table 10. '

Total liprds. The levels of plasma TG attained on the un-
saturated diets relative to that on the saturated diet varied
considerably among the hypertriglyceridemic patients
(Table 8). On the Mono diet, three patients had sig-
nificantly lower TG levels, but overall, the reduction was
not statistically significant. On the Poly diet, six individu-
als and the group as a whole showed significant reductions
in TC levels (Table 10). The plasma TG responses on the
Mono and Poly diets varied widely; some patients ex-
hibited a decrease, others an increase (Table 7). For the
group means, alterations were not significant for either

TABLE 5. Plasma lipoprotein cholesterol levels attained by normotriglyceridemic patients
in each of three dietary periods®

LDL-C VLDL-C HDL-C

Diet Diet Diet
Patient Sat Mono Poly Sat Mono Poly Sat Mono Poly

mg/dl + SD

1 201 + 8 133 ¢+ 7 134 £+ 10° 37 +7 35+7 21 +5 391+4 51+4 3942
2 160 + 6 130 1 6° 108 + 8 14 +2 12 1 10 + 28 67 +6 57 + 3 54+ 3
3 227 + 7 159 + 12 162 1 8 39+8 27+4 37:+9 55:+7 55+3 43 + 4
4 152 + 9 125 ¢+ 7* 130 + 6 16 + 4 19 + 3 20 + 3 38 +2 34+ 28 3032
5 289 + 9 229 + 11* 254 1 8 1543 15+ 5 19 + 9 23 +1 19+ 1% 31 4 1°
6 147 + 7 124 3 4 126 + 11* 7+5 12+ 4 9+6 45 +2 46 + 4 46 + 2
7 122 + 9 117 £+ 6 124 + 3 29+9 31+8 276 32+1 27+ 3 293 3
8 158 +5 147 +1* 143+ 6" 25+ 4 29+ 4 16+ 3 37:+2 37:+3 294 3
9 136 + 4 114 + 7* 117 + 5 17 +3 224+6 15+3 50 +3 49 +2 40+ 2
10 130 + 6 103 + 6° 100 + 6 23 +5 23 +5 21 +4 31 +2 3233 2 11
11 142 + 9 127 + 10* 136 + 9 9+4 13+7 11 +2 53+6 501 454 4
12 122 + 5 100 ¢ 5° 95 1 5% 16 + 6 24 + 3 15 + 2 33 +2 36+ 1° 29 4+ 1°

“Each value is the mean of six blood samples taken during the third and fourth week of each dietary period.
»Statistically significant change from Sat period (Student’s -test, P < 0.05); *, lower; °, higher.
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TABLE 6. Mean changes in plasma lipid levels from Sat period in
normotriglyceridemic patients®

Diet Diet
Mono Poly Mono Poly
mg/dl %
Total cholesterol
Mean + SEM -31.1 + 7.1 -36.9 + 7.6 -12.5 + 2.1 -15.6 + 2.6
P 0.01 0.001* 0.001* 0.001*
Total triglyceride
Mean + SEM -8.7 + 5.8 -88 + 8.3 -52 1 43 -11.1 + 8.8
P NS NS NS NS
LDL-cholesterol
Mean + SEM -313 + 6.3 -29.5 ¢+ 6.4 -17.7 + 26 -17.1 + 3.2
P 0.001* 0.001* 0.001° 0.001*
VLDL-cholesterol
Mean + SEM 1.4 + 2.3 -0.7 + 1.8 16.4 + 8.3 1.4 + 7.0
P NS NS NS NS
HDL-cholesterol
Mean + SEM -0.7 + 1.5 -50 ¢+ 1.7 -1.2 + 3.8 -9.8 + 4.7
P NS 0.02° NS NS

“Mean of the changes shown by each of 12 subjects.
®Mono (or Poly) diet significantly different from Sat diet at P value shown by paired ¢-test.

unsaturated fat (Table 10). given in Table 11. The proportions of the different com-
Lipoprotein cholesterol. Responses in LDL-C levels to both ponents of the lipoproteins remained essentially constant
unsaturated fats also varied among the individuals with regardless of the composition of the dietary fat.

high plasma TG (Table 8); in most instances, the level of
LDL-C was lower when the diets contained the unsatu-

rated fats, but the changes relative to the Sat period were DISCUSSION
statistically significant only for the Mono period (Table 9).
There were no consistent differences in the levels of The purpose of this study was to compare monoun-

VLDL-C or HDL-C during any of the dietary periods. saturated (oleic) and polyunsaturated (linoleic) acids
The percent of total HDL as HDL,, approximately 80%, when substituted for saturated (palmitic) acids for their

was similarly unchanged during the three periods. effects on the plasma lipoproteins. For this purpose, edible
Lipoprotein composition. The percentage composition of fats were selected which, although at the extremes of per-
the lipoproteins for the hypertriglyceridemic patients is centages of fatty acids under investigation, nevertheless

TABLE 7. Percentage composition of lipoprotein fractions isolated from normotriglyceridemic patients
consuming diets of different fatty acid composition®®

Total
Fraction Diet CE FC TG PL Pro Chol Pro/C
% of total lipoprotein

VLDL Sat 89 + 1.8 59 + 1.1 51.4 + 4.9 23.7 + 5.1 99 + 0.7 11.1 £ 1.5 09 + 0.1
Mono 9.1 + 2.1 6.4 + 1.3 504 + 5.2 239 + 6.4 100 + 0.8 11.6 + 2.0 09 + 0.2
Poly 10.0 + 2.3 66 + 1.5 49.4 + 8.0 23.1 + 3.6 10.8 + 1.3 124 + 2.6 09 £+ 0.1

IDL Sat 18.6 + 4.1 59 + 1.0 19.0 + 4.1 40.0 + 4.4 16.1 + 1.7 16.7 + 3.3 09 + 0.2
Mono 18.9 + 3.8 5.8 + 0.8 175 + 3.4 40.1 + 4.4 176 + 2.3 16.7 + 2.9 1.0 £ 0.3
Poly 18.1 + 129 5.6 + 0.8 18.6 + 4.4 398 + 2.8 178 + 2.5 159 + 2.4 1.1 + 0.2

LDL Sat 40.1 + 1.6 9.3 + 0.6 5.5 + 1.0 23.0 £+ 1.6 21.7 + 1.3 326 + 1.1 0.7 + 0.1
Mono 39.6 + 1.9 93 + 0.8 6.2 + 1.6 22.1 + 1.2 226 + 1.6 322 + 1.0 0.7 £+ 0.1
Poly 40.2 + 1.4 9.1 + 0.6 59 + 1.0 220 + 0.8 22.7 + 1.7 32.0 + 0.4 0.7 + 0.04

HDL Sat 206 + 1.4 30 + 95 5.7 + 3.7 24.2 + 2.0 46.3 + 2.7 149 + 1.3 3.1 + 0.4
Mono 20.7 + 4.5 3.1 +£03 59 + 2.4 235 + 1.4 46.6 + 2.9 15.1 + 1.03 3.1 + 0.3
Poly 209 + 1.8 29 + 0.5 7.5 + 3.7 23.3 + 0.7 453 + 2.3 149 + 1.6 3.1 + 03

‘Mean + SD; n = 12,
'GE, cholesteryl ester; FC, free cholesterol; TG, triglyceride; PL, phospholipid; Pro, protein, C, total cholesterol.
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TABLE 8. Plasma lipid levels attained by hypertriglyceridemic patients in each of three dietary periods®
Plasma Cholesterol Plasma Triglycerides
Diet Diet
Patients Sat Mono Poly Sat Mono Poly
mg/dl + SD

13 300 + 6 219 + 6 205 + 18° 381 1 23 238 + 16° 224 3+ 48°
14 183 + 19 176 + 9 157 ¢ 4 268 + 33 348 ¢ 32° 247 + 19
15 209 + 6 173 + 7 180 + 8 628 + 45 498 + 28° 346 + 15°
16 196 + 13 201 + 8 205 + 8 462 t 65 678 + 103° 630 + 53¢
17 171 + 4 173 £+ 6 179 + 5° 472 + 40 456 + 44 430 + 24
18 238 + 13 191 1 10 199 & 9 321 ¢+ 31 304 ¢+ 52 273 + 26°
19 201 + 8 193 + 6 175 + 6 243 + 15 292 + 1I° 229 + 12
20 255 + 13 248 + 7 232 + 8 695 + 122 552 + 54 649 + 27

“Each value is the mean of six blood samples taken during the third and fourth week of each dietary period.
b¢Statistically significant change from Sat period (Student’s t-test, P < 0.05); ®, lower; °, higher.

were typical in chain length to those in the American diet.
Two types of patients were studied: twelve with normal
TG levels and eight with high plasma TG. When their
data were pooled, both monounsaturates and polyun-
saturates appeared to induce equivalent reductions in TC
and LDL-C levels as compared to saturates (Table 3). No
changes were noted in HDL-C concentrations for the
group as a whole. However, because of the multiple
defects in cholesterol and lipoprotein metabolism associ-
ated with hypertriglyceridemia (17-20), the decision was
made to examine and discuss the responses of the two
types of patients separately.

Normotriglyceridemic patients

Both types of unsaturated fats significantly reduced
plasma TC levels in eleven of the twelve normotriglycer-
idemic patients. The mean decrease was slightly greater
for the Poly diet than for the Mono diet, although this
difference was not statistically significant. Keys, Ander-
son, and Grande (22, 23) proposed that for every 1%

increase in caloric intake in the form of saturated fatty
acids, the plasma TC will rise by about 2.7 mg/dl; and for
every 1% increase in polyunsaturated fatty acids, the TC
level will fall by about 1.4 mg/dl. The Keys equation
assumes that monounsaturates have no effect on the cho-
lesterol level. If these predictions are applied to our
experimental design, the exchange of high-linoleic
safflower oil for palm oil should have reduced plasma TC
by about 78 mg/dl. Assuming that monounsaturates are
“neutral,” the diet containing high-oleic safflower oil,
because of its reduced intake of saturated fatty acids,
should have lowered plasma TC by 45 mg/di. Our mean
results for polyunsaturates in particular were not consis-
tent with the Keys equation; furthermore, both unsatu-
rated fats reduced TC levels by equal amounts — approxi-
mately 35 mg/dl.

Our failure to achieve the change predicted for poly-
unsaturates may have several explanations. Plasma TC
levels fell by an average of 41 mg/dl from admission values
to the mean on the Sat diet; this reduction upon starting

TABLE 9. Plasma lipoprotein cholesterol levels attained by hypertriglyceridemic patients
in each of three dietary periods®

LDL-C VLDL-C HDL-C

Diet Diet Diet
Patient Sat Mono Poly Sat Mono Poly Sat Mono Poly

mg/dl + SD

13 185 + 6 146 + 13* 127 3 15° 76 + 8 37 + 8 39 +6° 40 + 4 361+ 4 39 +5
14 97 + 11 82 1+ 8 84 + 4 58 + 8 69 + & 45 +4 29+ 3 26+2 28+ 3
15 86 + 5 74 + 7 93 ¢+ ¥ 92 + 8 68 + 5° 50 + 4 31 £+ 1 31 +1 37 4 4
16 84 + 13 55 ¢+ 7* 57 + 6 77 + 1 113 + 14 115+ 5 36 +3 34 + 6 33 + 2
17 76 + 4 76 + 5 81 + 7 65 + 2 67 + 10 70+ 8 30 +2 31 +2 28 +1
18 146 + 8 110 + 5 127 + 9 51 + 6 42 + 6 38 + 8 41 +3 40+ 4 35+ 4
19 119 + 4 110 + 6 105 + 2° 48 + 6 47 1 1 39046 34+1 36+2 3241
20 106 + 7 116 + 9 93 1 3¢ 117 + 14 97 + 11° 108 + 9 32 + 1 34 +1 31 + 1

“Each value is the mean of six blood samples taken during the third and fourth week of each dietary period.
4<Statistically significant change from Sat period (Student’s t-test, P < 0.05); *, lower; °, higher.
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TABLE 10. Mean changes in plasma lipid levels from Sat period in
hypertriglyceridemic patients®

Diet Diet
Mono Poly Mono Poly
mg/dl %
Total cholesterol
Mean + SEM ~22.4 + 10.6 -276 + 11.4 -8.8 + 3.9 -11.2 + 4.2
P NS 0.05¢ NS 0.05°
Total triglyceride
Mean + SEM -13.0 + 44.8 -55.4 + 453 1.1 + 10.2 -9.8 + 9.2
P NS NS NS NS
LDL-cholesterol
Mean + SEM -16.0 + 6.2 -16.4 + 7.2 -135 + 5.1 -12.2 + 5.3
P 0.05* NS 0.05¢ NS
VLDL-cholesterol
Mean + SEM -5.5 + 8.2 -10.0 + 8.8 -5.6 + 10.5 -14.0 ¢+ 11.1
P NS NS NS NS
HDL-cholesterol
Mean + SEM -0.6 + 0.8 -1.4 + 1.3 ~-1.6 + 2.4 -35 ¢ 3.7
P NS NS NS NS

*Mean of the changes shown by each of 12 subjects.

*Mono (or Poly) diet significantly different from Sat diet at P value shown by paired ¢-test.

metabolic-ward studies is a well recognized phenomenon,
and it may have blunted the response to unsaturated fats.
As a result of this initial fall, several of the patients had
relatively low TC levels on the Sat diet, and their further
reductions on unsaturates were especially small. Those
with higher cholesterol levels on the Sat diet had greater
falls on polyunsaturates. Indeed, in those four who had
the highest TC levels on Sat diet, the Poly diet caused an
average reduction of 64 mg/dl, which is more in line with
the prediction of Keys et al. (22, 23). The use of palm oil
as a source of saturates may have contributed to the devi-
ation from prediction because Keys et al. (22, 23) em-
ployed fats containing a variety of saturated fatty acids.
Hegsted et al. (24) subsequently showed that lauric and

myristic acids are more hypercholesterolemic than pal-
mitic acid, and since palm oil contains only 1% of these
shorter fatty acids, it may have caused a lesser rise in TC
levels than the fats used by Keys et al. (22).

Other variables may have contributed to differences in
response to polyunsaturated fatty acids. Previous investi-
gators (22, 24-28) have employed different kinds of sub-
jects (e.g., students, prison inmates, patients in mental
institutions, and hyperlipidemic patients) who were of
variable ages and consumed different kinds of diets (i.e.,
chewing-type vs. liquid diets). All of the factors may have
affected the degree of response to polyunsaturates, al-
though not its direction.

The most important finding of the present study is that

TABLE 11. Percentage composition of lipoprotein fractions isolated from hypertriglyceridemic patients
consuming diets of different fatty acid composition®?

Total
Fraction Diet CE FC TG PL Pro Chol Pro/C
% of total lipoprotein

VLDL Sat 10.8 + 2.1 6.1 + 0.4 56.9 + 4.7 17.5 + 1.2 8.7 + 1.3 123 + 1.5 0.7 £+ 0.04
Mono 10.3 + 1.8 5.6 + 0.3 57.9 + 3.02 17.2 + 1.05 8.8 + 0.7 116 + 1.4 0.8 + 0.1
Poly 10.2 + 1.8 59 + 0.5 56.2 + 3.7 17.7 + 1.3 99 + 0.9 10.5 + 4.2 0.8 + 0.1

IDL Sat 21.9 + 4.8 6.3 + 1.1 23.8 + 4.3 32.7 + 3.1 15.1 + 1.3 19.1 + 3.7 0.8 + 0.1
Mono 195 + 4.0 6.1 + 1.2 28.1 + 7.3 31.3 4+ 3.9 149 + 2.1 1.47 + 3.3 09 &+ 0.2
Poly 20.1 + 4.3 6.1 £+ 1.0 26.2 + 6.9 31.3 + 2.7 16.3 + 1.4 17.8 + 3.4 09 + 0.1

LDL Sat 40.4 + 3.3 7.7 + 0.7 7.9 £+ 2.9 209 + 0.6 23.1 + 1.4 31.1 £+ 0.1 0.7 + 1.8
Mono 376 + 4.2 7.4 + 0.7 10.5 + 4.3 209 + 0.9 23.4 + 0.6 29.2 + 2.6 0.8 + 0.1
Poly 38.8 + 3.9 7.5 + 0.6 9.2 + 3.4 20.6 + 0.4 23.8 + 1.01 299 + 2.3 08 + 0.1

HDL Sat 184 + 1.4 2.4 + 0.2 63 + 1.5 23.8 + 1.5 48.9 + 2.2 13.1 + 0.8 38 + 0.3
Mono 16.2 + 2.5 2.4 + 0.2 84 + 19 23.1 + 1.3 499 + 1.7 11.7 £+ 1.6 43 + 0.8
Poly 17.1 £ 2.5 2.3 + 0.3 7.2 + 19 22.4 + 2.3 51.0 + 1.7 12.1 £ 1.6 43 + 0.7

‘Mean + SD; n = 12.

*CE, cholesteryl ester; FC, free cholesterol; TG, triglyceride; PL, phospholipid; Pro, protein, C, total cholesterol.
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the two unsaturated fats induced almost identical reduc-
tions in plasma LDL-C, ie., 17% for both. In earlier
studies, e.g., those forming the bases of the Keys equation
(22, 23), measurements of the responses in the individual
lipoprotein fractions were not made. Thus, the possibility
cannot be excluded that the seemingly greater reduction
in total TC by polyunsaturated compared to monoun-
saturated fatty acids may have been due to a greater
decrement in a lipoprotein fraction other than LDL, for
example, in HDL.

Recently, Becker et al. (29) compared effects of satu-
rated, monounsaturated, and polyunsaturated fatty acids
on levels of lipid and lipoproteins in young men. They too
found that both types of unsaturated acids lowered TC
and LDL-C compared to saturated fatty acids. The mag-
nitude of lowering of TC likewise was considerably less
than that predicted by the Keys equation (22, 23). In
contrast to our results, however, they reported that poly-
unsaturated fatty acids lowered TC and LDL-C levels
somewhat more than did monounsaturated fats.

The effects of fatty acids on HDL concentrations have
been a subject of dispute. Several investigators, however,
have reported that polyunsaturates lower plasma levels of
HDL-C (5-8). In the current normotriglyceridemic pa-
tients, the Poly diet lowered HDL-C concentrations by an
average of 5 mg/dl, a change that was statistically sig-
nificant. The Mono diet did not cause a statistical de-
crease in the average HDL-C concentration. Further-
more, nine of twelve individuals in this group showed a
significant decrease in HDL-C on the high-linoleic oil;
but, by contrast, only four individuals had a significant fall
during ingestion of the high oleic oil, and two of the pa-
tients had a significant rise in HDL-C on the Mono diet.
The current data thus highly suggest that even if oleic acid
causes a decrease in HDL-C levels in some patients, it
does so less frequently than linoleic acid; obviously, larger
numbers of patients must be studied before this difference
can be accepted with certainty.

In the recent report of Becker et al. (29), a decrease in
plasma HDL-C was not noted when polyunsaturated
fatty acids were substituted for saturates. This apparent
lack of change, which is contrary to the findings of several
others (5-8), might reflect the way in which their data
were presented; only means from multiple subjects were
reported. We, too, found no differences among the means,
but when the means were examined for individual
changes (by the paired ¢-test), the Poly diet showed a sig-
nificant decrease in HDL-C levels. More generally, we
avoided a comparison of group means because the
between-individual variation often was so large that
between-diet effects were obscured. By using each patient
as his own control, the normal between-individual vari-
ation was minimized.

Hypertriglyceridemic patients

Compared to a high-fat diet, a diet rich in carbohydrate
raises TG levels in patients with endogenous hypertri-
glyceridemia (30); conversely, dietary fats lower the
plasma TG relative to carbohydrates. The specific effects
of different kinds of fatty acids have not been studied ade-
quately. However, it has been reported that polyunsatu-
rates lower TG levels relative to saturates (31). This
response was not observed consistently in our study,
although it was noted in a few patients. A similar incon-
sistency was observed for monounsaturates.

In patients with high TG levels, polyunsaturates caused
a small but statistically significant reduction in plasma
TC levels, but for monounsaturates the decrease was not
significant. Still, the fall in LDL-C on the Mono diet was
significant, although not on the Poly diet. This reduction
of LDL-C by monounsaturates might be beneficial.
Several modes of therapy for hypertriglyceridemia raise
LDL-C levels (32), and this paradoxical response might
be mitigated by the simultaneous use of a diet rich in
monounsaturated fatty acids.

Patients with hypertriglyceridemia generally have lower
concentrations of HDL-C than do normotriglyceridemic
subjects (19). This difference again was noted in our
patients. Neither of the unsaturated oils elevated HDL-C
levels in this group of patients nor did they cause a
decrease. The proportion of HDL as HDL; was similarly
unaffected. Thus the three fats had no effect on the level
or composition of HDL in hypertriglyceridemic patients.

Conclusion

This work was carried out to compare the relative ac-
tions of oleic acid and linoleic acid on concentrations of
plasma lipids and lipoproteins and on composition of lipo-
proteins. The major finding of the study was that the two
unsaturated fatty acids had almost identical effectiveness
in reducing plasma TC and LDL-C. The current results,
furthermore, are in accord with previous studies (5-8)
showing that high intakes of linoleic acid frequently lower
HDL-C levels; this response appeared to occur less often
when the patients were taking large quantities of oleic
acid. @8

The test fats were kindly supplied by the Institute of Shortening
and Edible Oils. The authors are particularly appreciative of the
assistance of Joe Juliano and Frank Peralta for analysis of the
lipids and lipoproteins. We also thank Marjorie Whelan, Julio
Borroto, Susan Cortez, and Margaret Tim for their excellent
work on the metabolic ward. This work was supported by the
Veterans Administration, by National Institutes of Health
grants HL-24690 and HL-29252, and by the Moss Heart
Foundation.

Manuscript recetved 3 February 1984.

Mattson and Grundy Dietary fat and plasma lipids 201

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

10.

1.

12.

13.

14.

15.

16.

202

REFERENCES

Kromer, G. W. 1980. U.S. food fat consumption gains
during the seventies. In Fats and Oils Situation—299. U.S.
Department of Agriculture. 20 —23.

Gammal, E. B, K. K. Carroll, and E. R. Plunkett. 1967.
Effects of dietary fat on mammary carcinogenesis by 7,
12-dimethylbenz(alpha)anthracene in rats. Cancer Res. 27:
1737-1742.

King, M. E,, and A. A. Spector. 1978. Effect of specific
fatty acyl enrichments on membrane physical properties
detected with a spin label probe. J. Biol. Chem. 253: 6493~
6501.

Sturdevant, R. A. L., M. L. Pearce, and S. Dayton. 1973.
Increased prevalence of cholelithiasis in men ingesting a
serum-cholesterol-lowering diet. N. Engl J Med 288:
24-27.

Shepherd, J., C. J. Packard, J. R. Patsch, and A. M. Gotto.
1978. Effects of dietary polyunsaturated and saturated fat
on the properties of high density lipoproteins and the
metabolism of apolipoprotein A-l1. J Clin. Invest. 61:
1582-1592.

Shepherd, J., C. J. Packard, D. Taunton, and A. M. Gotto.
1978. Effects of dietary-fat saturation on the composition of
very low-density lipoproteins and on the metabolism of
their major apoprotein, apolipoprotein B. Biochem. Soc.
Trans. 6: 779-781.

Vessby, B., I. B. Gustafasson, J. Boberg, B. Karlstrom, H.
Lithell, and I. Werner. 1980. Substituting polyunsaturated
for saturated fat as a single change in a Swedish diet: effects
on serum lipoprotein metabolism and glucose tolerance in
patients with hyperlipoproteinemia. Eur. J. Clin. Invest. 10:
193-202.

Vega, G. L., E. Groszek, R. Wolf, and S. M. Grundy. 1982.
Influence of polyunsaturated fats on composition of plasma
lipoproteins and apolipoproteins. J. Lipid Res. 23: 811-822.
Keys, A., editor. 1970. Coronary heart disease in seven
countries. Circulation. 44: Suppl. 1.

Mattson, F. H., J. Pearson, and S. Cortez. 1982. Liquid
formula diet. Am. J. Clin. Nutr 36: 1087-1088.

Manual of Laboratory Operations, Lipid Research Clinics
Program. Vol. 1, Lipid and Lipoprotein Analysis. 1974.
DHEW Publication No. (NIH) 75-628, Washington, DC.
Roeschlau, P, E. Bernt, and W. Gruber. 1974. Enzymatic
determination of total cholesterol in serum. Z. Kiin. Chem.
Kilin. Biochem. 12: 226-227.

Rouser, G., S. Fleischer, and A. Yamamoto. 1970. Two-
dimensional thin-layer chromatographic separation of polar
lipids and determination of phospholipids by phosphorus
analysis of spots. Lipids. 5: 494-496.

Sata, T, R. J. Havel, and A. L. Jones. 1972. Characteriza-
tion of subfractions of triglyceride-rich lipoproteins sep-
arated by gel chromatography from blood plasma of
normolipemic and hyperlipemic humans. J Lipid Res. 13:
757-768.

Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R. ].
Randall. 1951. Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193: 265-275.

Gidez, L. I, G. J. Miller, M. Burstein, and H. A. Eder.
1979. Analyses of plasma high density lipoprotein sub-
classes by a precipitation procedure: correlation with

Journal of Lipid Research Volume 26, 1985

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

preparative and analytical ultracentrifugation. In Report of
the High Density Lipoprotein Methodology Workshop,
San Francisco, CA. NIH Publication No. 79-1661. 328-340.
Beil, U, S. M. Grundy, J. R. Crouse, and L. Zech. 1982,
Triglyceride and cholesterol metabolism in primary hyper-
triglyceridemia. Arteriosclerosis. 2: 44-51,

Vega, G. L., W. F. Beltz, and S. M. Grundy. 1985. Low
density lipoprotein metabolism in hypertriglyceridemic and
normolipidemic patients with coronary heart disease. J.
Lipid Res. 26: 116-127.

Myers, L. H., N. R. Phillips, and R. J. Havel. 1976.
Mathematical evaluation of methods for estimation of the
concentration of the major lipid components of human
serum lipoproteins. J. Lab. Clin. Med. 88: 491-505.
Einarsson, K., and K. Hellstrom. 1972. The formation of
bile acids in patients with three types of hyperlipopro-
teinemia. Eur J. Clin. Invest. 2: 225-230.

The Lipid Research Clinics Population Studies Data Book.
1980. Vol. 1. The Prevalence Study. U.S. Department of
Health and Human Services. NIH Publication No. 80-1527,
Washington, DC.

Keys, A., J. T. Anderson, and F. Grande. 1965. Serum cho-
lesterol response to changes in the diet. Metabolism. 14:
747-787.

Keys, A., J. T. Anderson, and F. Grande. 1957. Serum-
cholesterol response to dietary fat. Lancet. 787.

Hegsted, D. M., R. B. McGandy, M. L. Myers, and F. J.
Stare. 1965. Quantitative effects of dietary fat on serum
cholesterol in man. Am. J. Clin. Nutr. 17: 281-295.
Ahrens, E. H., W. Insull, R. Blomstrand, J. Hirsch, T. T.
Tsaltas, and M. L. Peterson. 1957. The influence of dietary
fats on serum-lipid levels in man. Lancet. 943-953.
Beveridge, J. M. R, W. F. Connell, G. A. Mayer, J. B.
Firstbrook, and M. S. DeWolfe. 1955. The effects of certain
vegetable and animal fats on the plasma lipids of humans.
J- Nutr. 56: 311-319.

Mattson, F. H., B. A. Erickson, and A. M. Kligman. 1972.
Effect of dietary cholesterol on serum cholesterol in man.
Am. J. Clin. Nutr. 25: 589-594.

Connor, W. E,, D. T. Witiak, D. B. Stone, and M. L. Arm-
strong. 1969. Cholesterol balance in fecal neutral steroid
and bile acid excretion in normal men fed dietary fats of
different fatty acid composition. J. Clin. Invest. 48:
1363-1375.

Becker, N., D. R. Illingworth, P. Alaupovic, W. E. Connor,
and E. E. Sundberg. 1983. Effects of saturated, monoun-
saturated, and w-6 polyunsaturated fatty acids on plasma
lipids, lipoproteins, and apoproteins in humans. Am. J.
Clin. Nutr. 37: 355-360.

Kanittle, J. L., and E. H. Ahrens, Jr. 1964. Carbohydrate
metabolism in two forms of hypertriglyceridemia. J. Clin.
Invest. 43: 485-495.

Grundy, S. M., D. Bilheimer, H. Blackburn, W. V. Brown,
P. O. Kwiterovich, Jr., F. Mattson, G. Schoenfield, and
W. H. Weidman. 1982. Rationale of the diet-heart state-
ment of the American Heart Association. Report of Nutri-
tion Committee. Circulation. 65: 839A-854A.

Wilson, D. E., and R. S. Lees. 1972. Metabolic relation-
ships among the plasma lipoproteins: reciprocal changes in
the concentrations of very low and low density lipoproteins
in man. J. Clin. Invest. 51: 1051-1057.

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

