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ABSTRACT

Background Metabolic studies suggest that fatty
acids containing at least one double bond in the trans
configuration, which are found in hydrogenated fat,
have a detrimental effect on serum lipoprotein cho-
lesterol levels as compared with unsaturated fatty
acids containing double bonds only in the cis config-
uration. We compared the effects of diets with a
broad range of trans fatty acids on serum lipoprotein
cholesterol levels.

Methods Eighteen women and 18 men consumed
each of six diets in random order for 35-day periods.
The foods were identical in each diet, and each diet
provided 30 percent of calories as fat, with two thirds
of the fat contributed as soybean oil (<0.5 g of trans
fatty acid per 100 g of fat), semiliquid margarine
(<0.5 g per 100 g), soft margarine (7.4 g per 100 g),
shortening (9.9 g per 100 g), or stick margarine (20.1
g per 100 g). The effects of those diets on serum lip-
oprotein cholesterol, triglyceride, and apolipoprotein
levels were compared with those of a diet enriched
with butter, which has a high content of saturated fat.

Results The mean (=SD) serum low-density lipo-
protein (LDL) cholesterol level was 17732 mg per
deciliter (4.568+0.85 mmol per liter) and the mean
high-density lipoprotein (HDL) cholesterol level was
45+10 mg per deciliter (1.2+0.26 mmol per liter) af-
ter subjects consumed the butter-enriched diet. The
LDL cholesterol level was reduced on average by 12
percent, 11 percent, 9 percent, 7 percent, and 5 per-
cent, respectively, after subjects consumed the diets
enriched with soybean oil, semiliquid margarine, soft
margarine, shortening, and stick margarine; the HDL
cholesterol level was reduced by 3 percent, 4 per-
cent, 4 percent, 4 percent, and 6 percent, respective-
ly. Ratios of total cholesterol to HDL cholesterol were
lowest after the consumption of the soybean-oil diet
and semiliquid-margarine diet and highest after the
stick-margarine diet.

Conclusions Our findings indicate that the con-
sumption of products that are low in trans fatty acids
and saturated fat has beneficial effects on serum lip-
oprotein cholesterol levels. (N Engl J Med 1999;340:
1933-40.)
©1999, Massachusetts Medical Society.

HE results of controlled metabolic studies
have suggested that dietary fatty acids con-
taining at least one double bond in the
trans configuration (trans fatty acids) have
a detrimental effect on serum lipid levels relative to
fatty acids containing only double bonds in the cis
configuration or, in some cases, saturated fatty ac-
ids.1-2 Adverse effects of dietary trans fatty acids on
the risk of the development of cardiovascular disease
have also been reported in some studies of large co-
horts.?#* Trans fatty acids are naturally present at low
levels in meat and dairy products as a result of bac-
terial fermentation in ruminant animals. They are
also formed in varying amounts during the hydrog-
enation of oil, a process used to transform oil from
a liquid to a semisolid or solid state. In addition to
forming trans double bonds, hydrogenation also re-
sults in the saturation of some double bonds and the
migration of others along the acyl chain. Hydroge-
nated fat is used in the manufacture of margarines
and vegetable shortening and is therefore in foods
prepared with the use of these products.
Unresolved issues relating to the physiologic ef-
fects of dietary trans fatty acids in humans include
the actual magnitude of the unfavorable effect rela-
tive to saturated or other unsaturated fatty acids on
individual serum lipoprotein and apolipoprotein lev-
els. Although recent studies consistently demonstrate
a positive relation between the level of intake of
trans fatty acids and low-density lipoprotein (LDL)
cholesterol levels, data on the effect of trans fatty ac-
ids on high-density lipoprotein (HDL) cholesterol
levels have proved less conclusive.l-25¢ Similarly, trans
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fatty acids have been reported to increase serum Lp(a)
lipoprotein levels in some, but not all, studies.s*

We report the results of a trial in which different
forms of commercially available margarines and a
vegetable shortening with a wide range of trans-fatty-
acid levels were substituted for butter.

METHODS
Subjects

Eighteen women and 18 men who were over the age of 50
years and whose serum LDL cholesterol levels exceeded 130 mg
per deciliter (3.36 mmol per liter) were recruited for the study
from the greater Boston area. All 36 subjects had normal kidney,
liver, thyroid, and cardiac function, as well as normal serum glu-
cose levels after fasting. None were taking medications known to
affect serum lipid levels, and none were smokers. All 18 women
were postmenopausal. Subjects who were being treated for hyper-
tension were excluded from the study only if they were taking
beta-blockers; subjects using other medications were required to
continue taking the same drug throughout the study period. The
characteristics of the study subjects at the time of screening are
shown in Table 1. This protocol was approved by the human-inves-
tigation review committee of New England Medical Center and
Tufts University, and all subjects gave written informed consent.

Study Design

Study subjects were given in a double-blinded fashion six ex-
perimental diets for periods of 35 days each according to a Latin-
square design. The subjects reported to our metabolic research
unit four times per week, at which time they were weighed and
ate one meal on site. All food and drink were provided to the sub-
jects in containers appropriate for either microwave or conven-
tional ovens, obviating the need to transfer the food from the
containers before consumption. The subjects were required to
consume all that was provided to them and not to supplement
their diet with any other food or drink except water and nonca-
loric beverages. Initial caloric levels were estimated with use of
the Harris—Benedict formula and were adjusted, when necessary,
to maintain body weight. The mean (£SD) energy intake was
2114+320 keal for the women and 2792518 kcal for the men.
Three times after day 28 of each diet, blood samples were ob-
tained after a 14-hour fast for the measurement of serum lipids

TABLE 1. CHARACTERISTICS OF THE SUBJECTS AT THE TIME
OF SCREENING.

WoMEN Men ALL SUBJECTS
CHARACTERISTIC (N=18) (N=18) (N=36)
mean =SD
Age (yr) 67+4 60*5 63+6
Body-mass index* 26.6+2.4 28.1+3.4 27.4+3.0
Serum cholesterol (mg/dl)t
Total 253+32 237+33 245*33
Very-low-density lipoprotein ~ 31%13 28+11 29+12
Low-density lipoprotein 167£30 167£26 167£28
High-density lipoprotein 5311 42+9 48+11
Serum triglycerides (mg/dl)} 158+71 138=+55 148+64

*The body-mass index was calculated as the weight in kilograms divided
by the square of the height in meters.

tTo convert values for cholesterol to millimoles per liter, divide by 38.67.

1To convert values for triglycerides to millimoles per liter, divide by 88.54.
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and apolipoproteins. The mean value of the three measurements
is reported and was used for statistical analysis.

Diets

A single diet was designed that provided 30 percent of calories
as fat. The foods included in each of the six test diets were iden-
tical, the only difference being that two thirds of the fat was pro-
vided in the form of soybean oil, soybean-oil—based margarines,
soybean-oil-based shortening, or butter. The soybean-oil diet
was designed to meet Step 2 criteria.!® These criteria were achieved
by first designing a diet containing 10 percent of calories as fat
and then adding the soybean oil to various foods such as hot ce-
real, casseroles, and muffins to increase the fat content of the diet
to 30 percent of calories. These foods were consumed through-
out the day. The other study diets were created by substituting
semiliquid margarine sold in squeeze bottles, soft margarine sold
in tubs, hydrogenated soybean oil (shortening), margarine sold in
sticks, or butter for the oil. All the margarines and the shortening
were made from soybean oil except the semiliquid margarine,
which contained some cottonseed oil. This deviation was neces-
sary because at the time of the study no semiliquid margarine
made solely with soybean oil was commercially available.

The fatty-acid profile of the test fats was determined by Best
Foods Research and Engineering Center (Union, N.J.) with the
use of capillary gas chromatography (Table 2). Analysis of the
protein, carbohydrate, fat, and cholesterol content of the food in
all diets was carried out by Covance Laboratories (Madison,
Wis.), and the fatty-acid content was analyzed by capillary gas
chromatography by Lipton (Baltimore) (Table 3).

Biochemical Analysis

Fasting blood samples were collected in tubes containing EDTA
(final concentration, 0.15 percent). Serum was separated by cen-
trifugation at 1100X g at 4°C. Very-low-density lipoprotein (VLDL)
was isolated from serum by ultracentrifugation at 109,000X g at
4°C.11 Serum and the infranatant (1.006 g per milliliter) were as-
sayed for total cholesterol and triglyceride with a biochromatic
analyzer (model CCX, Spectrum, Incstar, Stillwater, Minn.) with
enzymatic reagents.!2 Serum HDL cholesterol was measured in
the supernatant fraction after precipitation of lipoproteins con-
taining apolipoprotein B with the use of dextran—magnesium sul-
fate.!3 Lipid assays were standardized through the Lipid Standard-
ization Program of the Centers for Disease Control and Prevention
(Atlanta). Serum apolipoprotein A-I and apolipoprotein B were
measured by immunoturbidometric assays with a Spectrum CCX
analyzer (Incstar).'415 Lp(a) lipoprotein was quantified as previ-
ously described (Terumo Medical, Elkton, Md.).1¢

Statistical Analysis

Before the analysis, descriptive statistics and graphs (Proc Univari-
ate and Proc Means, SAS, Cary, N.C.) were used to summarize
the overall effects of diets and distributions of the outcome meas-
ures. When we noted violations of the basic testing assumptions,
we used appropriate transformations of the data. An analysis of
variance (Proc GLM, SAS) with the main effect of diet and sub-
ject as the repeated measure was carried out for each outcome
measure, followed by the Tukey honestly-significant-difference test
for the pairwise comparisons of the six diets.

Serum total, LDL, and HDL cholesterol were described through
a covariance analysis with the Proc GLM program (SAS) in which
levels of the design factor were defined by the response of an in-
dividual subject exposed to a set of diets; the covariates were the
intake of saturated, monounsaturated, cis polyunsaturated, and
trans fatty acids (expressed as the percentage of total daily energy
intake) and dietary cholesterol (expressed as milligrams per 1000
kcal). The inclusion of the response of an individual subject in the
equation should control for the inherent level of responsiveness
of the subjects. The resulting equation, minus the subject-specific
intercepts, can be used to estimate the change in total, LDL, or
HDL cholesterol levels or triglyceride level resulting from a
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TABLE 2. FATTY-ACID COMPOSITION OF THE FATS USED IN THE DIETS.*

SOYBEAN SEMILIQUID
MARGARINE IVIARGARINE SHORTENING MARGARINE BUTTER

FATTY-ACID SUBCLASS o

SoFT STicK

grams per 100 g of fat

Saturated fatty acids 25.0 27.0 25.2 29.3 27.0 61.7
Monounsaturated fatty 27.8 254 25.6 322 254 21.5

acidst
Polyunsaturated fatty acidst 41.4 42.0 35.5 255 20.5 7.0
Trans fatty acids <0.5 <0.5 7.4 9.9 20.1 1.5

*Values are based on chemical analysis of the fats and oils.

1Only isomers containing cis double bonds are included.

TABLE 3. COMPOSITION OF THE SIX DIETS.*
SOYBEAN SEMILIQUID SOoFT STick

MARGARINE IVIARGARINE SHORTENING MARGARINE BUTTER

percentage of total daily energy intake

CONSTITUENT (o]]8
Protein 15.74 17.07
Carbohydrate 55.77 51.73
Fat 28.48 31.20
Saturated fatty acids 7.30 8.59
12:0 0.83 0.96
14:0 0.63 0.74
16:0 3.65 4.26
18:0 1.45 1.85
Monounsaturated fatty acidst  8.14 8.08
18:1 7.20 7.11
Polyunsaturated fatty acidst ~ 12.48 13.54
18:2 10.74 12.10
18:3 1.67 1.39
Trans fatty acids 0.55 091
Cholesterolt 65.9 68.0

16.28 16.79 16.73 16.94

5291 53.22 53.54 53.97

30.80 29.98 29.72 29.08
8.40 8.56 8.47 16.70
0.67 0.75 0.82 1.35
0.55 0.57 0.60 2.50
4.18 391 4.03 7.47
2.28 2.64 2.22 3.57
8.04 9.92 8.46 8.07
6.65 7.51 6.53 6.97

11.14 8.13 6.34 2.43
9.99 7.22 5.60 2.07
1.10 0.55 0.70 0.29
3.30 4.15 6.72 1.25

milligrams per 1000 kcal
70.3 62.5 66.5 121.0

*Because of rounding, percentages may not total 100.

1Only isomers containing cis double bonds are included.

$To convert values to milligrams per megajoule, divide by 239.

change from one diet to another, while taking into consideration
the changes in the dietary fatty acid and cholesterol content. Sim-
ple and multiple regression equations, including all possible inter-
actions, were used with the above model to examine the ability
of a change in diet to predict the change in serum lipid levels.

RESULTS

Serum total and LDL cholesterol levels changed
in response to the predominant fat in the diet (Table
4). Levels were lowest after subjects consumed the
soybean-oil and semiliquid-margarine diets and in-
creased progressively after subjects consumed the
soft-margarine diet, shortening and stick-margarine
diets, and butter diet. For both total and LDL cho-

lesterol, the pattern of response for female and male
subjects was similar.

The pattern of response of HDL serum cholester-
ol was distinctly different from that of total and
LDL cholesterol. With the exception of the stick-
margarine diet (lowest) and butter diet (highest), the
differences among the diets were small and statisti-
cally indistinguishable. The differences in HDL cho-
lesterol levels for the whole group were restricted,
for the most part, to the female subjects.

The highest serum triglyceride and VLDL choles-
terol levels were observed after subjects consumed
the stick-margarine diets and lowest after they con-
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TABLE 4. SERUM LIPID, LIPOPROTEIN, AND APOLIPOPROTEIN LEVELS AT THE END OF EACH DIET.*

SEMILIQUID
VARIABLE Soveean OiL MARGARINE
Total cholesterol (mg/dl) 225+32t% 226+30tt
Women 225+29t% 229+28t%
Men 226*35tt 223+36tt
VLDL cholesterol (mg/dl) 28+13 28+9%
Women 25*11 28+8
Men 32+14 28+10%
LDL cholesterol (mg/dl) 154+£2811** 1552711
Women 1533211 155+25t1
Men 155+25% 156+30t
HDL cholesterol (mg/dl) 43+9 43+10
Women 47+9 47+10
Men 40=*7 40=+8
Triglyceride (mg/dl)tt 14364 133+54%
Women 131+51 133+53
Men 155+74 134+56
Total cholesterol: HDL cholesterol 5.43*+1.2411 5.47+1.211%
Women 4.99+1.171** 5.11+1.09%
Men 5.86+1.19 5.83*+1.25%
Apolipoprotein A-I (mg/dl) 147+23% 145+23t
HDL cholesterol:apolipoprotein A-I 0.29+0.04 0.30+0.04
Apolipoprotein B 132+2611 131+25tt**
LDL cholesterol:apolipoprotein B 1.17+0.11¢ 1.19+0.11¢
Apolipoprotein B:apolipoprotein A-T 091+0.2111**  0.92*0.211f
Lp(a) lipoprotein
Mean (mg/dl)Tt 23+20 23+21
Median (mg/dl) 15.2 14.7
<30 mg/dl (no. of subjects)}} 13+8 13+7

SoFT
IMARGARINE SHORTENING STiIck MARGARINE BUTTER
232+28t% 235*32t 2433761l 2513689 **
238+301 238+32t 244+32§9 254+31§9**
226*26% 233*33t 2424281 2494169/ **
30*13 29+10 33+157 29+13
27+8 28*11 30*13 27*11
34+17 29+9% 36+£179** 32+14
1592671 164£281§ 168+301§Y 177 321§ **
164+29% 164+29 16929§9 177+31§1|
154+23t 164+28 167+32 177+33§1|
43+9 43+9 42+9% 45+10%
47+9 45*10% 45+9% 50+10%**
39+7 408 39+8 40+9
14978 147+53 156689 146+57
138+52 145+58 151+64 138+46
159+98 14849 161+74 15466
5.65+1.20f 5.68*=1.12 6.03=1.27§1| 5.85+1.40§
5.29+1.20 5.44+1.20§ 5.62x1.12§ 5.31x1.24
6.01x1.12 5.92+1.01 6.44+1.309 6.39*1.36
145201 14521t 141£211§ 1512549 **
0.29+0.03 0.29+0.04 0.29+0.04 0.30+0.04
1352311 138279 143+27§1| 144+2561 |
1.18+0.111 1.18£0.101 1.18+0.12% 1.24=0.131§7 | **
0.95+0.21t  0.97£0.221§ 1.03x0.22§9|**  0.98=0.22§1
24+22 24+21 24+22% 22+21%
14.1 14.8 15.7 13.0
13+7 13x7 14+9% 12x7%

*Plus—minus values are means =SD. Analysis of variance with the main effect of diet and subject as the repeated measure was carried out for each outcome
measure followed by the Tukey honestly-significant-difference test for the pairwise comparisons of the six diets. To convert values for cholesterol to milli-
moles per liter, divide by 38.67. To convert values for triglyceride to millimoles per liter, divide by 88.54. VLDL denotes very-low-density lipoprotein, LDL

low-density lipoprotein, and HDL high-density lipoprotein.
1P<0.05 for the comparison with butter.
$P<0.05 for the comparison with stick margarine.
§P<0.05 for the comparison with soybean oil.
P<0.05 for the comparison with semiliquid margarine.
[[P<0.05 for the comparison with soft margarine.
**P<0.05 for the comparison with shortening.

t1Values were log-transformed before statistical analysis.

t1Values were 30 mg per deciliter or less in 28 subjects at the time of screening.

sumed the semiliquid-margarine diets. The pattern
of response was not related to that of total, LDL, or
HDL cholesterol levels.

Serum apolipoprotein A-I and apolipoprotein B
levels mirrored, for the most part, those of HDL
and LDL cholesterol, respectively. The magnitude
of the difference in the apolipoprotein levels was not
as great as that in the lipoprotein cholesterol levels.
The patterns of response were similar for female and
male subjects (data not shown). The ratios of HDL
cholesterol to apolipoprotein A-I and of LDL cho-
lesterol to apolipoprotein B showed only small vari-
ations in response to alterations in the type of die-
tary fat, suggesting that there was little change in the
composition of the HDL and LDL particles.

1936 June 24, 1999

The ratios of total cholesterol to HDL cholesterol
reflected the combined and, at times, opposite effect
of the various fats. The ratio was least favorable after
subjects consumed the stick-margarine diet and most
tavorable after subjects consumed the soybean-oil diet
and the semiliquid-margarine diet. The data were sim-
ilar when female and male subjects were considered
separately. The pattern observed for the ratios of total
cholesterol to HDL cholesterol was also reflected in
the ratios of apolipoprotein B to apolipoprotein A-I.

Serum total cholesterol levels were 10 percent low-
er after the consumption of the soybean-oil diet or
semiliquid-margarine diet than after the butter diet,
and LDL cholesterol levels were 11 to 12 percent low-
er (Fig. 1). The decreases were 3 percent and 5 per-
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Figure 1. Change in Serum Lipid Levels after the Consumption of Diets Enriched in Soybean Oil, Semiliquid Margarine, Soft Mar-
garine, Shortening, and Stick Margarine.

Values are expressed as the percent change from the values for butter; absolute values are given in Table 4. To convert values for
cholesterol to millimoles per liter, divide by 38.67. LDL denotes low-density lipoprotein, and HDL high-density lipoprotein.
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