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In a double-blind crossover study, 23 healthy normocholesterolemic male volunteers were fed carefully designed 
whole food diets enriched by oleic acid (canola, CAN), palmitic acid (palm olein, POL), or an American Heart 
Association Step I fat blend (AHA). Resident males received each diet during three consecutive I-week periods. 
The diets supplied approximately 31% energy as fat and <200 mg of cholesterolldoy. The percent energy (% en) 
from each dietary fatty acid was strictly controlled to compare low-16:0, high-la:1 (CAN) or high-16:0, 
low-la:2 (POL) intake with a balanced intake of each (AHA). The first two diets represented direct exchange of 
7% en between 18:l + 18:2 (CAN) and 16:O (POL), whereas the main difference between POL and AHA was 
<4% en exchanged between 16:O and I8:2. Serum total cholesterol (TC), very low density lipoprotein choles- 
terol (VLDL-C), and LDL-C were not signtficantly affected by the three diets despite manipulation of these key 
fatty acids. However, both CAN (low saturates [SATs], high monounsaturates [MONOs]) and POL (high SATs, 
low polyunsaturates [POLYs]) depressed HDL-C significantly ( - 8 mgldL) relative to the AHA (mod SATs, mod 
POLYs) diet. Consequently, the AHA diet increased HDL,-C and lowered the LDLIHDL cholesterol ratio 
signtficantly relative to the CAN and POL diets. Neither serum Lp(a), apoA1, nor apoB were affected by diet. 
These data support the previous observation that in normolipemic humans consuming a moderate fat load (<31% 
en) low in myristic acid (14:0) and dietary cholesterol, the effect of palmitic acid (16:0) on TC and the LDLIHDL 
ratio is comparable to that of monounsaturated oleic acid (18:l). Furthermore, a definite intake of POLYs and 
SATs may be essential for maximizing HDL,-C under these conditions. (J. Nutr. Biochem. 6: 179-187, 1995.) 
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Introduction 

Diets containing a high proportion of saturated fatty acids 
elevate plasma concentrations of total and low density li- 
poprotein (LDL) cholesterol. 1-3 Because an increased LDL 
cholesterol (LDL-C) concentration represents an increased 
risk for coronary heart disease,4T5 recommendations have 
been made to reduce intake of dietary saturated fatty acids 
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and to increase consumption of pol?nsaturates (POLYs) 
and monounsaturates (MONOS).~, T7 Concern has been 
raised that excessive POLYs consumption could be detri- 
mental if it decreases high density lipoprotein (HDL).8 The 
alternative possibility, i.e., that saturated fat intake could be 
suboptimal, has not been considered even though certain 
saturated fatty acids are known to increase HDL as they 
expand the LDL po01.~‘~ Ideally, one would like to con- 
sume a dietary fat that lowers LDL while enhancing HDL 
concentration. 

Historically, research in both animals and humans indi- 
cates that all saturated fatty acids are not equivalent in their 
cholesterol raising ability.9*11-15 Indeed, in the original 
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studies of Keys’ and Hegsted13 stearic acid (18:0) did not 
appear cholesterolemic, a point recently confirmed in hu- 
mans consuming diets in which the fatty acid exchanges 
between natural fats were carefully controlled. I1316 Never- 
theless, the commonly cited equations of Keys17 and Heg- 
sted18 that are used to predict the serum cholesterol re- 
sponse to dietary fats, conveniently adopted a single term 
for “saturates” that encompasses three saturated fatty acids 
(12:0, 14:0, 16:0), which were assumed for convenience 
sake to be equally cholesterolemic. Until recently this gen- 
erally accepted tenet tended to pre-empt efforts to differen- 
tiate between individual saturated fatty acids, i.e., 12:0, 
14:0, 16:0, 18:0, for their cholesterolemic effects. 

Hayes et al. l4 fed three species of nonhuman primates 
cholesterol-free diets in which the total energy contribution 
from saturates (SATs), MONOs, and POLYs were kept 
constant. Using this approach, the substitution of approxi- 
mately 10% en as 16:0 for 12:0 + 14:0 resulted in signif- 
icant decreases in both total and LDL-C concentrations. 
Additional study led to the hypothesis that 16:0 may not 
raise cholesterol in normolipemic individuals (total choles- 
terol [TC] < 200 mg/dL) when dietary cholesterol intake is 
10w.‘~*~ This hypothesis was confirmed in a tightly con- 
trolled human dietary trial in which 5% energy (% en) was 
exchanged between the same fatty acids in normocholeste- 
rolemic subjects consuming diets containing about 30% fat 
energy and <200 mg/day dietary cholesterol.’ Compared 
with the 12:0 + 14:0&h diet, the 16:0-rich diet signifi- 
cantly reduced both total and LDL-C. 

The above results infer that in certain circumstances di- 
etary 16:0 may be neutral, or at least less cholesterolemic 
than the combination of 12:0 plus 14:0. This relative neu- 
trality of 16:0 was affirmed in normocholesterolemic men 
and women when a 7% en exchange between 16:0 (from 
palm olein) and 18:l (from olive oil) generated identical 
LDL and HDL values.” However, in part because of its 
predominance in saturated fats and in part because it is 
typically consumed as animal fat containing cholesterol, 
16:0 has long been considered the primary cholesterol- 
raisin fatty acid, especially when compared with 18: 1 and 
18:2. 8 ,** It does appear that dietary 16:0 can modestly in- 
crease TC when LDL receptor activity is compromised.20T21 
A healthful alternative to a high saturated fat intake is the 
American Heart Association (AHA) Step 1 diet, in which 
total fat is restricted to 30% en and SATs, MONOs, and 
POLYs each contribute about 10% of total energy. Such 
diets have proven beneficial in reducing elevated serum 
cholesterol levels,23-25 furthering the notion that maximal 
reduction in saturated fat intake is desirable. 

The current study design re-examined the putative neu- 
trality of a 16:0&h diet, comparing it to an 18: l-enriched 
diet or an AHA Step 1 diet in normolipemic male subjects 
consuming about 200 mgfday of cholesterol. In addition, 
appreciating the 
ceptor activity26* R 

ossible importance of 18:2 on LDL re- 
and the saturated fatty acid contribution 

to circulating HDL, 1s12,14,19 we examined these relation- 
ships to determine whether at some point the intake of SATs 
or POLYs might prove to be suboptimal. Thus, the design 
addressed two key questions regarding the LDL/HDL ratio 
in the same normocholesterolemic individuals consuming 
whole food diets. First, would maximal displacement of 

saturated fatty acids (16:0) by monounsaturates (18: 1) be 
more beneficial to total cholesterol and the LDWHDL ratio 
than the more balanced ratio between fatty acid classes in- 
herent in the AHA Step 1 diet? Second, is it advisable to 
maximally substitute MONOs for POLYs to preclude any 
decrease in HDL that might result from a high POLY in- 
take? The answer to both questions was negative, suggest- 
ing that both SATs and POLYs, but not MONOs, contrib- 
uted to an optimal LDL/HDL ratio in this population. In 
fact, MONOs appeared quite neutral in these normolipemic 
individuals consuming a natural diet containing a moderate 
amount (30% en) of fat. 

Materials and Methods 

Subjects 

Subjects were members of the Royal Malaysian Army undergoing 
training at the army signal school. On the basis of a questionnaire 
and a screening examination, 24 volunteers were chosen. They 
were healthy individuals who were not on any medication affect- 
ing lipid metabolism, smoked <7 cigarettes/day and consumed no 
alcohol. They were advised to maintain their regular pattern of 
physical exercise which included light drills in the mornings and 
soccer games in the evenings. On the day of bleeding, subjects 
were exempted from their morning drills so as not to distort the 
serum lipid analyses. Approval of the study was obtained from the 
Human Ethics Committee, Ministry of Health, Government of 
Malaysia, and written informed consent was obtained from all 
subjects. Twenty-three subjects successfully completed the study. 
The entry characteristics (mean ? SD) of the 23 subjects were age 
22 -t 4 years (range 19-24), body mass index (BMI) 21.3 * 1.7 
kg/m* (range 19.5-24.7), serum total cholesterol (TC) 174 * 23 
mg/dL (range 130-226), serum triglycerides (TG) 88 * 27 mg/dL 
(range 51-148), LDL-C 105 I 46 mmol/L (range 65-135), and 
high density lipoprotein cholesterol (HDL-C) 45 -C 10 mg/dL 
(range 30-63). 

Experimental design 

The study comprised four periods totaling 15 weeks. All volun- 
teers began the study with a 3-weeks control period that repre- 
sented the habitual diet that the volunteers consumed at their army 
mess. This habitual diet (27% en as fat) incorporated the typical 
Malaysian recipes and nutrient content described previously.g 
Subsequently, all volunteers continued to eat this basal diet in 
which two-thirds of the fat energy was replaced by a blend of fat 
based on the American Heart Association (AHA) Step 1 diet fol- 
lowed by two fat substitutions in random order: an oleic acid-rich 
diet based on canola oil (CAN) and a palmitic acid-rich diet based 
on palm olein (POL). Each dietary test period lasted 4 weeks with 
a crossover design for the last two fats. 

All four diet periods utilized basic Malaysian foods relatively 
low in fat (27% en). Using a 7-day rotating menu, the selected fats 
were readily incorporated into the foods as the sole cooking fat via 
the typical Malaysian stir-fry or deep-fry preparation of food in- 
gredients. Comparison of the fat content of the diets prior to add- 
ing the experimental fats indicated that the added oils provided 
approximately 20% of the total dietary energy (with 31% total 
energy from fat during the three experimental periods). Subjects 
were provided with all four meals (breakfast, lunch, dinner and 
supper), which were prepared fresh each day by a special caterer. 
Adherence to the present menus and cooking oil allotments was 
monitored in the kitchen during all meal preparations. 

Because the subjects were restricted to the camp during the 
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entire 15-week experimental period (except Sunday afternoons), 
they willingly ate all meals. This provided for excellent compli- 
ance. They were also monitored to ensure a relatively constant 
food intake throughout the study, which allowed for a stable BMI 
as determined by weekly body weight records. A questionnaire at 
the end of the trial revealed that the subjects were unable to iden- 
tify the order or source of the dietary fats being consumed. 

Composition of fat bless and 7-day ~otut~~g menus 
The fatty acid composition (from GLC) of the fats fed in the study 
is shown in Table I. During the habitual diet period, the fat blend 
used for cooking represented a mixture of palm oil and coconut oil 
in the approximate ratio of 85 and lS%, respectively, which is a 
common oil profile of the Malaysian diet. Most of the coconut oil 
fatty acids are derived from the milk extruded from coconut meat 
used to flavor foods. Coconut milk was largely excluded in food 
p~p~ations during the rem~ning three dietary test periods since 
our previous study indicated a significant cholesterolemic effect of 
12:0 + 14:0 acids on serum total and LDL cholesterol.’ The AHA 
blend was derived from soybean oil (500/o), palm oil (40%), and 
canola oil (10%). The oleic acid-rich diet utilized canola oil con- 
taining 56% oleic acid, whereas the palmitic acid-rich diet (39% 
16:0) was derived from POL, the relatively liquid fraction of palm 
oil used as cooking oil. 

Numbrecht, Germany) at the end of the 3-week habitual diet and 
thereafter at the end of each 4-week dietary period. Blood in the 
first Monovette was allowed to clot for exactly 2 hr at room tem- 
perature (-24°C)) and serum was prepared for the analysis of TC, 
TG, HDL-C, as well as the isolation of lipoprotein classes by 
ultracentrifugation. The second Monovette was placed in a water- 
bath at 37”C, and blood was allowed to clot for precisely 60 min. 
Serum from this prep~ation was used for the analysis of serum 
fatty acid com~sition, apoli~p~teins, and li~protein Lp(a). 
Serum was isolated following centrifugation at 12OOg and 20°C for 
15 min. 

Isolation of serum lipoproteins was performed using a Beck- 
man SW 41 rotor in a Beckman LM-70 ultracentrifuge according 
to a slightly modified method of Terpstra et al.” as previously 
described.29 All isolation procedures were started within 4 hr of 
the blood collection. 

Cholesterol and TG concentrations in each of these lipoprotein 
fractions and in serum were determined on an auto~~yzer (Ex- 
press 550, Coming, Coming, NY), using commercial enzymatic 
kits (Gilford Diagnostis, UK). Recovery rates of the lipoproteins 
were calculated as the sum of both cholesterol and TG contents of 
the fractions and expressed as a percentage of the serum TC or TG. 

Composition of each diet from the 7-day rotating menus as 
consumed by the volunteers (Table 2) was analyzed as described 
previously.’ The intake of total energy, fat, protein, carbohydrate, 
and cholesterol were not significantly different between dietary 
periods, but the % en derived from saturated fatty acids did differ 
such that POL>AHA>CAN. This increment was primarily attrib- 
uted to 16:0 at 11.2, 8.2, and 3.2% en, respectively. The % en 
derived from POLYs was significantly lower in the POL diet com- 
pared with the AHA and CAN diets, whereas the % en from 
MONOs was comparable with the AHA and POL diets but sig- 
nificantly higher in the CAN diet. Thus, m~ipulation of fat pro- 
vided an experimental design that compared the exchange of di- 
etary l&O (POL) with either 182 (AHA, about 4% en exchange) 
or 181 + 18:2 (CAN, about 7% en exchange) (Table 2). 

As an index of compliance, the fatty acid composition of serum 
was measured in each subject at the end of all four dietary periods. 
One-half a milliliter of serum was used for the extraction of total 
lipids from serum according to the Bligh and Dyer method.30 The 
extracted lipids were dried under a stream of nitrogen and then 
converted to their methyl esters using BF,/MeOH. A Perkin Elmer 
AutoSystem gas chromatogram (Perkin-Elmer Corporation, Nor- 
walk, CT) fitted with a capillary column and temperature pro- 
grammed from 180 to 240°C at 4”C/min was used for the analysis. 

Laboratory methods 

Serum Lp(a) was measured by a l-step sandwich Elisa using 
monospecific polyclonal anti-ape(a) antibodies (Immunozym 
Lp(a), Immuno GMBH, Germany). Diluted serum samples were 
incubated with the conjugate consisting of a monospecific and 
monovalent anti-am antibody coupled with peroxidase. Non- 
specific serum components and unbound conjugates were removed 
by washing, followed by a second incubation during which the 
enzyme reaction took place. The Lp(a) concentration in the sample 
was measured at 450 nm by means of an ELISA reader, and the 
Lp(a) concentration was quantitated by using a reference curve 
obtained in the same test run. 

Twenty-milliliter fasting blood samples were collected by veni- On their habitual (baseline) diet for the 3-week run-in period, 
puncture in 2 X 10 ml Monovettem tubes (#051104, Sarstedt, volunteers consumed 11.5 + 1.3 MJ of energy per day with fat 

Table 1 Fatty acid composition of fat blends incorporated into diets 

~i~~a~ fatty acids and iiDL: Sundial et al. 

AHA blend Oleic acid-rich Palmitic acid-rich 

Fatty acid 

50% soybean oil 
40% palm oil 
10% canola 

100% canola oil 100% palm olein 
(CAN) PW 

Myristic14:O 02 
Palmitic-160 25.7 
Stearic-18:0 4.1 
Oleic-18:l (n-9) 37.4 
Linoleic-18:2 (n-6) 29.3 
Linoleic-lb:3 (n-3) 3.3 
Erucic-22:1 (n-9) ND 
Total SATs 30.0 
Total MONOs 37.4 
Total POLYs 32.6 

(g/100 g of fatty acids) 
ND 
5.6 
1.8 

56.0 
25.8 

9.8 
0.5 
7.4 

56.5 
35.6 

0.8 
38.9 

4.0 
45.0 
10.9 

0.4 
ND 

43.7 
45.0 
11.3 

AHA, American Heart Association; ND, not detected; SATs, saturated fatty acids; MONOs, monounsaturated fatty acids; POLYs. polyunsat- 
urated fatty acids 

J. Nutr. Biochem., 1995, vol. 6, April 181 



Review 
Table 2 Daily nutrient intake during the four dietary periods analyzed from double portions of 7-day menus 

Dietary period 

Nutrient Baseline AHA CAN POL 

Energy 
MJ/day 
Kcallday 

Protein 
% en 
Way 

Carbohydrates 
% en 
@day 

Fat 
% en 

g/day 
Saturated FA (% en) 

Total ’ ’ 
12:o 
14:o 
16:0 
18:0 

Monounsaturated FA (% en) 
Total 

16:l (n-9) 
18:l (n-9) 

Polyunsaturated FA (% en) 
Total 

18:2 (n-6) 
183 (n-3) 

P/S ratio 
Cholesterol 

(w~dw) 

11.5 f 1.3 11.9 + 1.4 
2714 f 307 2808 + 330 

15.8 f 1.4 16.3 2 1.9 
107*10 114 * 14 

55.2 k 2.8 
375 + 19 

29.0 + 1.7 
87.5 2 4.2 

12.2 + 0.4 
0.8 t 0.3 
1.3 t 0.2 
8.6 2 0.4 
1.3 * 0.1 

52.4 f 3.0 
368 f 22 

31.3 * 1.6 
97.7 k 5.6 

10.1 2 0.8= 
ND 

0.3 2 0.2 
8.2 f 0.5a,C 
1.5 2 0.2 

12.0 -+ 0.4 
0.4 k 0.1 

11.3 * 0.5 

3.8 2 0.2 
3.1 * 0.2 
0.7 5 0.2 

0.31 2 0.01 

188 2 21 

12.9 2 l.oa 
0.8 k 0.2 

11.8 * O.ga 

8.3 + 0.7b 
7.3 + 0.6b 
1 .o f 0.2a 

0.82 2 0.02 

201 f 17 

12.0 k 1.8 
2832 f 425 

16.0 f 2.3 
113217 

52.3 2 3.1 
370 f 23 

31.7 f 1.9 
99.7 + 5.2 

6.0 ” 0.7a,b 
ND 

0.5 k 0.3 
3.9 2 0.5a,b 
1.2 * 0.2 

17.5 * 1.3= 
0.4 * 0.1 

16.9 2 1 .Oa,b 

7.7 k 0.5a 
6.4 f 0.4= 
1.3 + 0.2a 

1.28 ? 0.03 

194 2 16 

12.0 * 1.7 
2832 + 401 

16.1 + 2.0 
114 f 15 

52.1 k 3.6 
369 + 27 

31.8 2 2.1 
100.1 + 4.9 

13 f 1,3b,C 
ND 

0.5 f 0.3 
11.2 f 0.8b,C 

1.4 ” 0.2 

14.3 f 1.2 
1.1 2 0.1 

12.8 + 1 .2b 

4.1 f 0.4@ 
3.5 f 0.2a.b 
0.6 + 0.1 

0.40 k 0.02 

197 f 23 

Values are means f SD; n = 7. P/S rato, polyunsaturated/saturated fatty acid ratio. ND, not detected 
a,b,cValues with common superscript differ significantly (P < 0.05). 

contributing 29.0 ? 1.7% en of which 12.2 -C 0.4, 12.0 * 0.4, 
and 3.8 + 0.2% en (means 2 SD; n = 7) were derived from the 
SATs, MONOs, and POLYs, respectively. Dietary cholesterol 
intake was 188 ? 32 mglday. The baseline BMI remained stable 
at 21.1 + 1.8 kg/m2 (range 19.0-24.8). 

Serum apolipoproteins, apoA 1 and apoB were determined on 
a clinical autoanalyzer (Express 550, Coming) using immunopre- 
cipitin kits (Atlantic Antibody, Stillwater, MN) provided with an 
antibody monospecific for human apolipoproteins. Serum samples 
were preincubated and them mixed with the antiserum resulting in 
the formation of an insoluble antigen-antibody complex. The ab- 
sorbance of the solution was measured at 340 nm. A calibration 
curve was generated by assaying a series of standards with known 
concentrations, and serum values for apoA1 or apoB were ob- 
tained by interpolation from their respective calibration curves. 

Statistical analysis 
Results are presented as means ? SD, which were calculated after 
the habitual diet and at the end of the three dietary periods. For 
statistical analysis, mean differences among the three fat treat- 
ments were analyzed by paired t-test coupled to the Bonferoni 
correction. Statistical significance was defined at P < 0.05. Since 
no period effect was noted in this study, we concluded that the diet 
sequence had no influence on the outcome of the trial. 

Results 

Throughout the study the volunteers maintained a constant 
body weight that was reflected in a stable BMI. Since the 
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volunteers were confined to the army base during the study 
period (except Sunday afternoons) and ate all meals pro- 
vided, compliance was excellent. Judging from the dietary 
composition of the 7-day rotating menus as eaten by the 
volunteers (Table 2), it was also apparent that the desired 
fatty acid exchanges during our dietary intervention had 
been achieved. 

Serum TC and LDL-C (Table 3) were unaffected by the 
different dietary fatty acid manipulations, despite signifi- 
cant shifts in % en derived from POLYs, MONOs, and 
SATs incorporated in the three dietary fats. Serum HDL-C 
was, however, significantly elevated (17%) by the AHA 
diet in comparison with either the CAN or POL diets, both 
of which produced identical levels of HDL-C after the 
4-week dietary comparisons. The elevation in HDL-C by 
the AHA diet reflected a significant increase in HDL,-C, 
whereas HDL,-C was unaffected by these diets. As a result 
of the modulation in lipoproteins, the AHA diet resulted in 
a significant 14% reduction in the LDL-C/HDL-C ratio 
compared with the other two diet periods. In comparison 
with the AHA diet, the CAN diet significantly elevated 
triglycerides (TG) by 22%. No significant differences were 
noted between POL and CAN for any serum lipid parameter 
measured in this study. The diets exerted minimal effect on 
apolipoproteins (apoA 1 and apoB) and consequently the 
ratio of apoA l/apoB was unaffected. 

Serum Lp(a) level following the 3-week baseline (means 



Dietary fatty acids and HDL: Sundram et al. 

Table 3 Serum and lipoprotein lipids following dietary treatments 

Criterion Baseline AHA CAN POL 

Serum TC 
VLDL-C 
LDL-C 
HDL-C 
HDL,-C 
HDL,-C 
LDUHDL ratio 

Serum TG 
Serum apolipoproteins 

QlL 
Apo Al 
Apof3 
Apo B/Al ratio 
L&N 

(pmol/L) 
4.46 2 0.64 4.51 f  0.61 4.44 zk 0.67 4.54 AZ 0.62 

ND 0.33 f  0.10 0.38 + 0.13 0.36 ‘- 0.10 
2.64 3 0.51 2.41 f  0.46 2.44 t 0.05 2.56 2 0.49 
1.18 f  0.26 1.44 2 0.1 8a.b 1.23 + 0.31 a 1.23 + 0.28 

ND 0.44 + 0.13 0.13 2 0.13 0.44 ” 0.10 
ND 0.90 2 0.15 0.77 + 0.10 0.72 ?z 0.08 

2.24 1.68 f  0.40a*c 2.15 + 0.94c 2.20 ‘- 0.70= 

0.94 ‘- 0.36 0.73 +- 0.25 0.94 rt 0.34 0.85 -r- 0.31 

ND 1.33 f  0.17 1.31 2 0.20 1.31 + 0.14 
ND 0.89 2 0.18 0.86 + 0.24 0.86 k 0.18 
ND 0.68 r 0.18 0.67 rt 0.22 0.67 + 0.22 

3Ok 18 31 220 30 + 22 31 s 20 

Values are means + SD; n = 23. ND, not detected. 
a,bMeans with common superscript differ significantly by repeated measures ANOVA, P < 0.01. 
C.dMeans with common superscript differ significantly, P < 0.05. 

+ SD; mg/dL) was 30 t 18 mg/dL (mean + SD), and no 
dietary fat-induced modification of the Lp(a) level was ob- 
served in these volunteers (Table 3). 

Fatty acid profiles from total serum lipids analyzed at the 
end of each dietary period (Table 4) revealed that three 
saturated fatty acids (12:0, 14:0, 160) were statistically 
(but not clinically) elevated in subjects consuming the palm 
olein or canola oil diets, whereas percentages of serum lin- 
oleic acid (l&2) and steak acid (l&O) were significantly 
elevated following consumption of the AHA diet. Serum 
oleic acid, on the other hand, was not affected by any di- 
etary treatment. 

Discussion 
Dietary 16:0, 18-l and 18:2 on TC 

The objective of this study was to evaluate the relative 
benefit of replacing either dietary saturates (160 in palm 

Table 4 Serum fatty acid composition following dietary treatments 

olein) or polyenes (l&2 in the AHA blend) with dietary 
monoenes (from canola oil) in the Malaysia diet. The fo- 
cus was on serum lipids and lipoproteins in normolipemic 
subjects consuming their typical moderate-fat (30% en) 
diet. One of the striking features of these data was the 
constant TC value across all diet m~ipulations. Only subtle 
shifts in the LDL/HDL ratio or TG values coupled with 
changes in serum fatty acid profiles gave any indication that 
the dietary fat had been altered. In general, these results 
agree with the original observation in Trappist monks31 and 
a previous Malaysian study,” as well as newer human data 
from India,32 that found TC and LDL-C (as well as HDL-C) 
were unchanged in no~oli~mic men and women consum- 
ing diets enriched with either palm olein, olive oil, or pea- 
nut oil, where 16:0 was exchanged for 1: 1 for 18:l up to 
13% en31 and 7% en” or up to 4% en for 18:2.32 These data 
support the modeling demonstrated in normocholester- 
olemic cebus monkeys, also at 3 1% en from fat, where 16:O 

Diets 

Fatty acid Habitual AHA CAN POL 

12:o 
14:o 
16:0 
16:l(n-7) 
180 
18: f  (n-9) 
18:2(n-6) 
18:3(n-3) 
20:4(n-6) 
24:0 

(percent distribution) 
2.3 f  0.6 0.6 + 0.38,b I .5 + 0,5a 1.5 -t O:b 
1.5 k 0.2 0.7 t 0.2a.b 1 .o + 0.3a 1.1 I?r. 0.4b 

25.0 f  2.5 23.1 t 2.3a,b 24.4 + 2.ga 25.5 z!z 2.2b 
2.7 +. 0.4 2.2 f  0.2 2.7 f  0.6 2.0 -t 0.1 
5.4 + 0.6 5.0 f  0 8*.b 

2:Oo 
4.4 + 0.6a 4.3 -r- O.sb 

33.3 r?r 1.6 34.9 2 35.7 2 2.0 35.7 +- 1.9 
22.1 rt 1.3 24.1 2 1 .3a,b 22.7 + 1 .qbsc 20.7 c 1.3= 

4.0 k 0.3 3.7 k 0.03 3.9 k 0.2 3.6 r?: 0.3 
1.9 -+ 0.5 1.48 + 0.5 1.5 + 0.2 1.7 If: 0.2 
0.2 -c 0.4 0.61 k 0.5 0.5 + 0.2 0.9 rt 0.4 

Values are means 2 SD; n = 23. 
a.b.CMeans among test diets with common superscript are significantly different (P < 0.05). 
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and 181 also were found to exert equivalent effects on 
plasma lipids. 19,21 Collectively the results imply that in nor- 
molipemic individuals who typically consume a relatively 
low-fat diet (<30% en), it is extremely unlikely that ex- 
change between natural fats rich in 160 or 181, or even 
modest exchange with 182, will have an appreciable effect 
on TC during consumption of whole food diets. 

On the other hand, in a previous human study,’ we dem- 
onstrated that the selective substitution of dietary 16:O for 
12:0 f 14:O in a comparable diet containing 3% en as 18:2 
and 30% en resulted in significantly lower TC and LDL-C 
in 15117 young men. A similar finding was reported in 
10115 Danish men when 5% en as 12:O + 14:O (palm kernel 
oil) was exchanged for 160 (palm oil) in a high-fat diet 
(40% en).” Thus, in these two studies 25132 subjects ex- 
perienced substantial decreases in LDL-C and TC when fed 
l&O-rich fats, the differential response possibly depending 
on a relatively lower total fat intake (30% en) and individual 
metabolic circumstances at intervention. These data not 
only confii individual responsiveness to saturated fat3 but 
viability in response to the type of saturate and suggest 
that 160 is typically less cholesterolemic than 12:O + 14:O 
in most normocholesterolemic subjects consuming naturally 
occurring triglycerides low in cholesterol. Based on these 
facts and further modeling of the fatty acid impact on li- 
poprotein metabolism,20 we hypothesized that 16:0 would 
be equivalent to 18: 1 (and even 18:2) provided that: (1) the 
test subjects were normocholesterolemic (<200 mg/dL); (2) 
dietary cholesterol intake was ~300 mglday; (3) the POLY 
content of the diets did not exceed 20% en, where depres- 
sion of HDL-C might be a factor; and (4) the exchange 
between fatty acids occurred above the critical “threshold” 
for 18:2 intake (see related “threshold” discussion in Ref. 
33). 

The present results support this hypothesis, but interpre- 
tation is complicated by the apparent relationship between 
the dietary 18:2/16:0 ratio and HDL-C. The 17% increase in 
HDL-C during the AHA diet appeared to reflect the fatty 
acid intake, although a similar ratio between these fatty 
acids in other human studies have not yielded the same 
elevation in HDL.32*34T35 A shift in dietary POLYs from 
approximately 4 to 8% en coupled with at least 10% en from 
dietary SATs in this 30% fat en diet generated the most 
desirable lipoprotein cholesterol profile in these volunteers. 
The result was an HDL-C level surprisingly superior to the 
18: l-rich CAN (low SATs) or 16:0-rich POL (low POLYs) 
diets. Further evidence of the effect was a simult~eous 
enhancement of the LDL/HDL cholesterol ratio. 

Dietary fatty acids and HDL-C 

The impact of specific dietary fatty acids on HDL-C is not 
clearly defined for any species, presumably because the 
issue is complicated at the very least by the total fat intake, 
the P/S ratio, the level of dietary cholesterol, as well as 
species differences in HDL metabolism. On the one hand, 
very high POLY diets (>20% en) have been reported to 
decrease human22T36 and monkey” HDL-C in high-fat diets 
during short-term feeding trials, probably reflecting reduced 
VLDL secretion and depressed apoA1 synthesis.19’36 For 
example, Mattson and Grundy22 found a greater decrease in 

HDL-C with a diet contributing 3 1% en from POLYs than 
a MONO-rich diet (4% en as POLYs). On the other hand, 
Mensink and Katan23 and Berry et al.37 observed no sig- 
nificant decrease in HDL-C when comparing a high-POLY 
with a high-MONO diet, but their diets contained reason- 
able POLY loads (4 to 12% en). Thus, the concern over 
high POLYs would seem unwarranted within practical 
POLY intakes associated with high-fat, Western diets 
where saturates are typically >lO% en. The situation may 
change when the POLYslSATs ratio is appreciably greater 
than 1 .O, especially if total fat intake is low (<30% en) and 
the study is short-term.34’38 

By way of example, Warburg et al.34 recently fed diets 
similar to ours for 3-4 weeks except subjects were switched 
from a 40% en high-SAT diet (20% en as SATs, 4% en as 
POLYs) to either a 30% en, high-MONO diet (16% en as 
MONOs) or a 30% en, high-POLY diet (10% en as 
POLYs), with both fat-reduced diets causing a significant 
( - 9 mg/dL) reduction in HDL-C. Thus, similar to a pre- 
vious study 38 but unlike our current data, HDL-C was 
equally depressed at PGLY intakes of 4% en or 10% en 
during fat-reduced diets, suggesting that the removal of 
SATs (from 20 to 10% en, primarily in the form of 16:O) to 
achieve fat-reduction, accounted for the decrease in HDL-C 
(as well as LDL-C) more than any shift in the 18:2/16:0 
ratio. However, replacement of dietary saturated fat by car- 
bohydrate (down to 25% en from fat) actually increased 
HDL-C in obese patients when caloric restriction and 
weight loss were also instituted,39 and no lasting deleterious 
effect on HDL was found when either high-c~~hy~ate 
diets (or the simple replacement of SATs by POLYs) were 
fed for a sufficiently long period (6 months to 4 years) to 
allow for metabolic equilibration to the altered fat in- 
take.40,41 Populations having low HDL-C in the context of 
very low TC, e.g., the Tarahumara Indians,42 presumably 
reflects their subsistence on a high-carbohydrate, very low- 
fat diet (~20% en) where saturated fat intake (along with 
18:2) ironically may be too low to sustain HDL. For exam- 
ple, saturates represented only 2% en in the Tarahumara 
diet containing 12% en from fat.42 

Thus, careful scrutiny of the literature supports the rather 
surprising implication that the optimal HDWLDL ratio, at 
least in normolipemic individuals consuming moderate-fat 
diets, may depend on an appropriate balance between SATs 
and POLYs, with excess MONOs appearing neutral, or 
even detrimental, to this relationship. For example, in sev- 
eral human re 

$” palm oi129*43*4 
rts HDL increased during consumption of 
or when 14:0&h fats represented a major 

portion of fat calories,“i2 
high 18:O intake.” 

but was severely depressed by 
Similar enhancement of the HDWLDL 

ratio was found in cebus monkeys only when a high dietary 
16:O intake was coupled with adequate 18:2.14*i9 In regard 
to MONOs, epidemiological evaluation of over 8,500 sub- 
jects in a cardiovascular study revealed a negative correla- 
tion between 18: 1 intake and HDL-C, questioning the effi- 
cacy of dietary 18: 1 for maintaining HDL in a long-term 
diet ,45 or even short-term in a reduced-fat diet.34 The 
present data suggest that high 18:l intake in a low-to- 
moderate fat diet may displace too much 16:O and/or 18:2 
and result in lower HDL-C. 

As stated above and elsewhere,20,33 a high intake of 
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12:0, 14:0, or 16:0 may not enhance the HRWLDL ratio 
unless 18:2 intake is adequate, especially in situations 
where total fat intake is 30% en or less. Thus, a positive 
SAT effect may depend on concomi~t enhancement of 
LDL, activity by 18:2.z6927*46 This threshold concept for 
maximal up-regulation of LDL, activity by l&2 includes 
the notion that 18:2 intake below threshold would limit 
LDL, activity and removal of LDL and VLDL remnants, 
thereby depressing HDL production which depends, in part, 
on adequate VLDL catabolism.47 The 3.5% en as 18:2 in 
the present POL diet did not appear to be below threshold 
for TC or LDL-C since these values were not signi~c~tly 
reduced by increasing 18:2 intake to 8% en, even though 
3.5% en was not sufficient for enhancing the HDL-C pool 
in the present situation. 

Further work is needed to determine whether this rela- 
tionship is real or simply a transient observation associated 
with the limited duration of this study, whether it depends 
on a specific 18:2/SAT fatty acid ratio or even an absolute 
intake of certain fatty acids, and whether the overall fat load 
(% en) impacts the relationship. 

Although the commonly applied multiple regression equa- 
tions of KeysI and Hegsted ’ imply that the saturated fatty 
acids (12:0, 14:0, and 160) are equally cholesterolemic, the 
best equation of Hegsted et al.13 originally indicated that di- 
etary 14:0 was four times more cholesterolemic than 16:O in 
humans, a difference independently confirmed by recent 
meta-analysis.48 Re-analysis of the Hegsted data, in com- 
bination with data from monkeys20721 and gerbils,” sug- 
gests that both dietary cholesterol intake and the initial LDL 
receptor “setpoint” may have contributed to the choleste- 
rolemic effect of 16:O described by Hegsted. l3 Applying 
either the Keys or Hegsted equations to our present data 
predicted cholesterol values during the 16:0-&h diet that 
were approximately 13 mg/dL higher than those actually 
observed. However, if 16:0 was considered neutral, this 
discrepancy disappeared. Thus, similar to the situation in 
hamsters46 and cebus monkeys ,2 ’ the cholesterol-raising as- 
pect of 16:0 in humans may pertain only when hepatic LDL, 
activit is reduced, especially by dietary cholesterol in- 
take 2 B ,21 and when the VLDL pr~u~tion rate is high.49,50 

Another potential shortcoming of the Keys-Hegsted re- 
gressions is that they do not incorporate a nonlinear rela- 
tionship observed between serum cholesterol and increasing 
increments of dietary 18:2.20 Nor do they make allowance 
for the differences in the putative LDL, “setpoint” re- 
flected in LDL-C differences between individuals or popu- 
lations at the time of inte~ention. These two aspects of the 
problem may be interrelated2’ (also see discussion in Ref. 
33). The present diets provided <8% en as 18:2 with 30% 
en as fat and minimal dietary cholesterol, and they were fed 
to a normolipemic population whose LDL receptor activity 
was presumably minimally compromised at the time of in- 
tervention. 

That 16:0&h fat can raise plasma cholesterol levels, 
including HDL-C, in hypercholesterolemic subjects is ap- 
parent in the data of Nestel et al.43 When moderately cho- 
lesterolemic subjects (225 mg/dL) were fed whole food di- 
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ets (35% en as fat) enriched in 18:1, 16:0, or trans-18:1 
(elaidic acid), the 18: l-rich diet resulted in significantly 
lower LDL-C and HDL-C compared with 16:O. Their find- 
ings regarding 16:O contrast with our results as well as the 
original comparison between olive oil and palm oil in 
Trappist monks, 3 ’ and an exchange between palm olein 
(16:0) and peanut oil (18: 1) in Benedictine nuns,51 but con- 
cur with certain other human studies evaluating 16:0&h 
palm oil in subjects with initially elevated cholesterol lev- 
els 3922*52 or even normal entry values.‘* However, most 
sulh studies provided fat nearer to 40% en and incorporated 
modified triglycerides as sources of certain fatty acids, both 
of which may account for the discrepant results. Evaluation 
of the various aspects of the situation” has suggested that 
exchange of 16:0 tends not to be more cholesterolemic than 
18:1, or occasionally even 18:2 as in the current study, 
when the exchange is between natural triglycerides fed at 
~30% en, the plasma cholesterol levels are normal (<200 
mg/dL), and the intake of 18:2 is above the threshold re- 
quirement for the conditions involved. The conclusion that 
16:0 can be “conditionally cholesterolemic” is not incom- 
patible with our current findings, even though all the cir- 
cumstances required to elicit its cholesterolemic potential 
are not apparent at this time. Two obvious possibilities that 
await future investigation include the significance of total 
fat load, e.g., 40 versus 30% en, and the structure of tri- 
glyceride molecular species incorporating the 16:0.*” 

The serum Lp(a) was assessed because it may be influenced 
by dietary fatty acids. Homstra et al.54 demonstrated that 
replacement of habitual fat in the Dutch diet by 16:0&h 
palm oil significantly decreased serum Lp(a) levels. It was 
suggested that the beneficial decrease in Lp(a) was due 
either to a component present in palm oil or displacement of 
a factor in the fat of the habitue Dutch diet, e.g., 2runs fatty 
acids. Subsequently, Mensink et al.55 gathered data from 
three dietary trials to suggest that truns monounsaturated 
fatty acids elevate Lp(a) in comparison to other commonly 
occurring dietary fatty acids. This was confirmed by Nestel 
et al.43 who found that diets rich in 16:0, 18: 1 or a habitual 
Australian diet hardly affected Lp(a), whereas trans-18: 1 
acid caused a significant 30% increase. In our study Lp(a) 
was unaffected by the fatty acid exchanges, supporting the 
idea that manipulation of common dietary fatty acids, in- 
cluding 16:0, 18:0, 18~1, and 18:2, will not affect Lp(a) 
unless they displace dietary trun.s fatty acids (minimally 
present in the Malaysian diet). 
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