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Dietary fats, carbohydrate, and progression of coronary
atherosclerosis in postmenopausal women1–3
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ABSTRACT
Background: The influence of diet on atherosclerotic progression is
not well established, particularly in postmenopausal women, in
whom risk factors for progression may differ from those for men.
Objective: The objective was to investigate associations between
dietary macronutrients and progression of coronary atherosclerosis
among postmenopausal women.
Design: Quantitative coronary angiography was performed at base-
line and after a mean follow-up of 3.1 y in 2243 coronary segments
in 235 postmenopausal women with established coronary heart dis-
ease. Usual dietary intake was assessed at baseline.
Results: The mean (�SD) total fat intake was 25 � 6% of energy.
In multivariate analyses, a higher saturated fat intake was associated
with a smaller decline in mean minimal coronary diameter (P �
0.001) and less progression of coronary stenosis (P � 0.002) during
follow-up. Compared with a 0.22-mm decline in the lowest quartile
of intake, there was a 0.10-mm decline in the second quartile (P �
0.002), a 0.07-mm decline in the third quartile (P � 0.002), and no
decline in the fourth quartile (P � 0.001); P for trend � 0.001. This
inverse association was more pronounced among women with lower
monounsaturated fat (P for interaction � 0.04) and higher carbohy-
drate (P for interaction � 0.004) intakes and possibly lower total fat
intake (P for interaction � 0.09). Carbohydrate intake was positively
associated with atherosclerotic progression (P � 0.001), particularly
when the glycemic index was high. Polyunsaturated fat intake was
positively associated with progression when replacing other fats
(P � 0.04) but not when replacing carbohydrate or protein. Monoun-
saturated and total fat intakes were not associated with progression.
Conclusions: In postmenopausal women with relatively low total
fat intake, a greater saturated fat intake is associated with less pro-
gression of coronary atherosclerosis, whereas carbohydrate intake is
associated with a greater progression. Am J Clin Nutr 2004;80:
1175–84.
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erosclerosis, women

INTRODUCTION

The optimal dietary pattern to reduce progression of athero-
sclerosis is not well established. On the basis of ecologic and
animal studies, a reduction in the proportion of calories from fat,
particularly saturated fat, is generally recommended (1). How-
ever, the results of prior studies have been conflicting regarding
the relative importance of saturated fat intake on atherosclerotic
progression (2, 3). Additionally, if the proportion of energy from
saturated fat is reduced, it is uncertain whether replacement with

polyunsaturated fat, monounsaturated fat, carbohydrate, or pro-
tein affects risk differently. High carbohydrate intake, for exam-
ple, may adversely influence atherosclerotic risk (4–7). These
questions are of considerable scientific and public health impor-
tance, particularly in light of the current controversy regarding
the optimal diet and competing popular diets (4–14). Our under-
standing of the relations between nutrient intake and coronary
heart disease (CHD) risk is also heavily weighted toward obser-
vations in men (15, 16), and there may be some differences in
these relations in women (15, 17–22). The influence of diet in
women may be particularly relevant after menopause, when
changes in lipoprotein concentrations—particularly a decrease
in HDL cholesterol—may mediate higher CHD risk (23).

We recently reported that modest fish intake was associated
with less progression of coronary atherosclerosis among post-
menopausal women (24). However, relations between other dietary
factors and atherosclerotic progression in postmenopausal women
are unknown. We therefore investigated the relations between usual
dietary intake of major nutrients, assessed at baseline, and progres-
sion of coronary atherosclerosis during a 3-y follow-up of post-
menopausal women enrolled in the Estrogen Replacement and Ath-
erosclerosis (ERA) trial, a multicenter clinical trial evaluating the
effects of hormone replacement therapy on atherosclerotic progres-
sion.Wewereparticularly interested inevaluating theassociationof
saturated fat intake with atherosclerotic progression and in estimat-
ing the effect of isocaloric replacement with other nutrients.
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SUBJECTS AND METHODS

Study design and population

The ERA trial was a randomized comparison of the effects of
hormone replacement (0.625 mg/d oral conjugated estrogen with
or without a continuous low dose of 2.5 mg/d progestin as me-
droxyprogesterone acetate) with those of a placebo on the an-
giographic progression of coronary atherosclerosis in 309 post-
menopausal women with established CHD. The design,
recruitment experience, participant characteristics, and primary
results were previously described (25, 26). Briefly, 309 post-
menopausal women were enrolled in 1995–1996 from 6 US sites:
the University of Alabama, Birmingham; Carolinas Medical
Center, Charlotte, NC; Moses Cone Health System, Greensboro,
NC; Hartford Hospital, Hartford, CT; Forsyth Memorial Hospi-
tal, Winston-Salem, NC; and Wake Forest University School of
Medicine, Winston-Salem, NC. Women were eligible if they
were postmenopausal, were not currently receiving hormone
replacement therapy, and had one or more epicardial coronary
stenoses �30% of the luminal diameter. Women were excluded
if they had known or suspected breast or endometrial carcinoma,
previous or planned coronary bypass surgery, history of deep-
vein thrombosis or pulmonary embolism, symptomatic gall-
stones, a serum aspartate aminotransferase concentration �1.5
times normal, a fasting triacylglycerol concentration �400 mg/
dL, a serum creatinine concentration �2.0 mg/dL, left main
stenosis �70%, uncontrolled hypertension, or uncontrolled di-
abetes. Of 815 women screened, 309 (38%) were enrolled. Each
center’s institutional review committee approved the study, and
all subjects gave informed consent.

At baseline, the participants completed standard question-
naires on health status, medical history, physical activity, dietary
intake, and cardiovascular disease risk factors and underwent
clinic examination and laboratory testing, including centralized
measurement of fasting lipoproteins (25, 26). Diabetes was de-
fined by the combination of self-report and treatment with dia-
betes medication. We excluded 61 women in whom follow-up
coronary angiography was not available (including 12 women
who died before follow-up angiography) and 13 women in whom
a food-frequency questionnaire was not administered at baseline,
resulting in 235 women with 2243 evaluable coronary segments
(see below) included in this analysis. Except for less aspirin use
among the women not included in this analysis (54% compared
with 73%; P � 0.003), baseline characteristics of the women who
were not included were similar to those who were included.

Dietary assessment

Usual dietary intake was assessed at baseline with a validated,
semiquantitative food-frequency questionnaire (27–29). Partic-
ipants were asked to indicate how often, on average, they had
consumed given amounts of various specified foods during the
past year. Open-ended questions were used for other supple-
ments and foods, including breakfast cereal, multivitamin sup-
plements, margarine, and vegetable oil used for frying or baking.
Nutrient intakes were calculated as the frequency of intake mul-
tiplied by the nutrient composition of the specified portion size,
modified by responses to the open-ended items. The reproduc-
ibility and validity of this food-frequency questionnaire were
described in detail previously (27–29); for example, the corre-
lation coefficient for saturated fat intake assessed by the ques-
tionnaire versus 2 one-week diet records was 0.75.

Coronary angiography

Participants underwent quantitative coronary angiography at
baseline and after an average follow-up of 3.1 y. Methods for
assessing change in minimal diameter of the major coronary
epicardial segments were described previously (25, 26). Mea-
surements were performed by using a previously validated sys-
tem of cine projectors (SME-3500; Sony, Park Ridge, NJ) and
software (QCAPlus; Sanders Data Systems, Palo Alto, CA) by
operators unaware of the women’s dietary habits or temporal
sequence of the films. With this system, the mean intraoperator
difference between blinded duplicate measurements of minimal
diameter for vessels with lesions was 0.02 mm (30). The refer-
ence, minimal, and average luminal diameters and the degree of
stenosis as a percentage of the reference diameter were assessed
in 10 proximal epicardial segments (26). From 2350 possible
segments, 107 were not analyzed because of total occlusion or
intervening coronary bypass surgery, resulting in 2243 segments
(x�: 9.5 per participant) being analyzed.

Statistical analysis

Nutrient intakes were evaluated as categorical (indicator) vari-
ables in quartiles and as continuous variables defined by the pro-
portion of energy obtained from the nutrient. The prespecified pri-
mary outcome was the change in mean minimal luminal diameter of
the major coronary epicardial segments. Secondary outcomes in-
cluded the change in stenosis measured as a percentage of the ref-
erence diameter and clinical events. Outcomes were assessed by
using maximum likelihood random-effects regression models, ad-
justed for location of the coronary segment, length of follow-up,
enrollment site, early coronary angiography due to clinical indica-
tions (n � 10), and baseline measurements. This model allows for
differential disease progression across different coronary segments
andforcorrelationinsegmentchangeswithinagivenparticipant.To
minimize potential confounding, the base model was adjusted for
covariates likely to be associated with the outcome of interest based
on previously published data as well as those variables associated
with exposures or outcomes in the current data set. Age, education,
diabetes, smoking status, pack-years of smoking, use of lipid-
lowering medication, and intakes of carbohydrate, protein, and total
energy were included in the final model. Other covariates that did
not materially alter the relations between nutrient intakes and an-
giographic progression and were therefore excluded from the final
model included race; hypertension; prior myocardial infarction
(MI); prior percutaneous transluminal coronary angioplasty
(PTCA); systolic, diastolic, and mean blood pressure; body mass
index; waist-hip ratio; physical activity; hormone replacement
group; use of aspirin, �-blockers, or angiotensin-converting-
enzyme inhibitors; serum lipoproteins; glycated hemoglobin; and
intake of alcohol, n�3 fatty acids, trans fatty acids, fiber, fish, and
antioxidant vitamins.

As previously described (16), the effect of isocaloric replace-
ment of a nutrient with other nutrients was estimated by using
nutrient density models, in which the interpretation of each nu-
trient’s coefficient is the effect of isocaloric substitution of that
nutrient for other nutrients not included in the model. For exam-
ple, when the model includes total fat, protein, and total energy,
the coefficient for total fat estimates the effect of isocaloric re-
placement of total fat for carbohydrate; when the model includes
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saturated fat, carbohydrate, protein, and total energy, the coeffi-
cient for saturated fat estimates the effect of isocaloric replace-
ment of saturated fat for other fats (monounsaturated or polyun-
saturated). Given their correlation (r � 0.83), saturated and

monounsaturated fat intakes were not included together in the
main adjusted model but were evaluated together in more spe-
cific replacement models. Tests for linear trend were calculated
by assigning women the median intake in their quartile of

TABLE 1
Participant characteristics according to saturated fat intake1

Quartile of saturated fat intake (range of intake, % of energy)

P2
1 (3.5–7.0) 2 (7.1–8.6) 3 (8.7–10.5) 4 (10.6–16.0)
(n � 59) (n � 59) (n � 59) (n � 58)

Age (y) 65 � 73 67 � 6 67 � 7 65 � 7 —
Nonwhite race (%) 15 15 14 17 —
Education � high school (%) 26 22 14 26 —
Diabetes (%) 19 24 20 31 —
Smoking (%) �0.01

Never 39 42 34 26 —
Former 53 49 49 40 —
Current 8 8 17 34 —

Smoking (pack-years) 18 � 24 16 � 24 15 � 19 34 � 33 �0.01
Hypertension (%) 75 66 69 62 —
Prior MI (%) 56 44 42 47 —
Prior PTCA (%) 51 44 47 41 —
Mean blood pressure (mm Hg) 95 � 10 94 � 9 93 � 10 94 � 11 —
BMI (kg/m2) 29 � 5 29 � 6 30 � 5 30 � 7 —
Waist-to-hip ratio 0.85 � 0.08 0.88 � 0.09 0.85 � 0.09 0.86 � 0.10 —
Physical activity, PASE score 123 � 76 120 � 82 127 � 88 107 � 73 —
Hormone replacement (%)

Placebo 37 37 29 33 —
Estrogen only 29 26 37 34 —
Estrogen � progestin 34 37 34 33 —

Aspirin or ticlopidine (%) 81 75 71 66 �0.05
�-Blockers (%) 46 49 51 38 —
Lipid-lowering medication (%) 36 42 37 26 —
ACE inhibitors (%) 24 12 27 17 —
Total:HDL cholesterol 5.3 � 1.5 5.7 � 2.1 5.2 � 1.5 4.6 � 1.5 �0.01
LDL cholesterol (mg/dL) 141 � 44 137 � 39 139 � 40 135 � 39 —
HDL cholesterol (mg/dL) 44 � 9 40 � 12 44 � 9 50 � 14 �0.01
Triacylglycerols (mg/dL) 201 � 73 219 � 93 210 � 88 169 � 77 �0.05
Lipoprotein(a) (mg/dL) 32 � 34 39 � 46 32 � 41 36 � 32 —
HDL2 (mg/dL) 4.3 � 4.4 4.7 � 4.6 5.2 � 5.0 5.9 � 4.5 �0.05
HDL3 (mg/dL) 40 � 9 36 � 11 39 � 9 44 � 13 �0.05
Apoprotein A-I (mg/dL) 136 � 21 127 � 28 139 � 19 144 � 27 �0.05
Apoprotein B (mg/dL) 120 � 24 116 � 23 117 � 25 111 � 26 —
2-h Glucose (mg/dL)4 137 � 44 167 � 74 161 � 63 150 � 67 —
2-h Insulin (�U/mL)4 61 � 35 68 � 35 65 � 31 53 � 27 —
Total energy (kcal/d) 1716 � 578 1553 � 585 1708 � 604 1646 � 609 —
Total fat (% of energy) 18 � 3 22 � 3 27 � 4 32 � 4 �0.001
Carbohydrates (% of energy) 67 � 7 61 � 5 56 � 5 48 � 6 �0.001
Protein (% of energy) 16 � 4 17 � 4 17 � 3 18 � 3 �0.001
Polyunsaturated fat (% of energy) 5 � 2 5 � 2 6 � 2 6 � 2 �0.001
Monounsaturated fat (% of energy) 7 � 1 9 � 1 11 � 2 13 � 2 �0.001
trans Fat (% of energy) 1.0 � 0.4 1.5 � 0.5 1.7 � 0.6 2.2 � 0.7 �0.001
Cholesterol (mg/d) 160 � 82 195 � 92 240 � 149 265 � 100 �0.001
n�3 Fatty acids (g/d) 0.28 � 0.28 0.25 � 0.27 0.23 � 0.22 0.26 � 0.21
Alcohol use in past month (%) 12 7 14 19 —
Dietary fiber (g/d) 25 � 14 21 � 10 20 � 8 17 � 7 �0.001
Time to follow-up (y) 3.0 � 0.9 3.2 � 0.6 3.0 � 0.8 3.2 � 0.7 —

1 MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty; PASE, Physical Activity Scale for the Elderly; ACE, angiotensin-
converting enzyme.

2 Across quartiles according to tests for linear trend (linear or logistic regression with the characteristic as the dependent variable and quartiles of saturated
fat intake as the independent variable; women were assigned in each quartile to the median intake in their quartile).

3 x� � SD (all such values)
4 Oral-glucose-tolerance test among nondiabetic subjects.
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nutrient intake and then analyzing this as a continuous variable.
Potential effect modification was assessed by using likelihood
ratio testing in prespecified analyses for age, diabetes, smoking,
and use of lipid-lowering medication and in post hoc analyses for
body mass index, hormone replacement, prior MI, prior PTCA,
severity of vessel stenosis, and intake of other nutrients. The
ERA trial was powered to detect a difference of 0.054 mm in
change in mean minimal luminal diameter from baseline to
follow-up, driven by high precision (low variance) in the out-
come as a result of repeated measures in each subject. Analyses
were performed by using STATA 7.0 (Stata Corp, College Sta-
tion, TX). All P values are two-tailed (� � 0.05).

RESULTS

Participant characteristics

Participant characteristics overall and according to quartiles of
saturated fat intake are shown in Table 1. The average age of the
subjects was 66 y at baseline (range: 48–79 y). Approximately
one-quarter of the participants had diabetes, three-quarters were
overweight, and one-half were obese. In this cohort of women
with established CHD, total fat intake was relatively low (x�� SD:
25 � 6% of energy). Saturated fat intake was positively associ-
ated with current smoking and pack-years of smoking and was
inversely associated with the use of platelet inhibitors (aspirin or
ticlopidine). A higher saturated fat intake was associated with a
more favorable lipoprotein profile, including higher HDL,
HDL2, and HDL3 cholesterol; higher apoprotein A-I; lower tri-
acylglycerol concentrations; and a lower ratio of total cholesterol
(TC) to HDL cholesterol (TC:HDL cholesterol). Women who
consumed more saturated fat consumed less carbohydrate and
dietary fiber and more total fat, protein, cholesterol, polyunsat-
urated fat, trans fatty acids, and monounsaturated fat.

Progression of atherosclerosis

Women with higher saturated fat intakes had less progression
of coronary atherosclerosis (Table 2). Compared with a
0.15-mm decline in mean minimal coronary artery diameter in
the lowest quartile of intake, there were 0.08-mm, 0.07-mm, and
0.06-mm declines in the second, third, and fourth quartiles, re-
spectively (P � 0.06, P � 0.02, and P � 0.02 for comparison
with the first quartile, respectively; P for trend � 0.02; Table 2).
This inverse relation was even more pronounced after adjust-
ment for demographic, clinical, and dietary factors (Table 2,
adjusted models). Compared with a 0.22-mm decline in the
first quartile, there were 0.10-mm and 0.07-mm declines in the
second (P � 0.002) and third (P � 0.002) quartiles and there
was no decline (0.01-mm increase) in the fourth quartile (P �
0.001); P for trend � 0.001. Adjustment for carbohydrate and
protein intakes (or, equivalently, adjustment for total fat intake)
had the largest effect on the adjusted change in mean minimal
coronary artery diameter associated with saturated fat intake.
Saturated fat intake was also inversely associated with the pro-
gression of coronary atherosclerosis measured as the change in
mean percentage stenosis (Table 2). Compared with an increase
in mean percentage stenosis of 8.0% in the lowest quartile, there
was only a 3.6% increase in the second quartile, a 2.7% increase
in the third quartile, and no increase in the highest quartile (P �
0.004, P � 0.005, and P � 0.001 for comparison with the first
quartile, respectively; P for trend � 0.002; adjusted models).
When evaluated continuously, a greater saturated fat intake (for
each 5% greater energy intake) was associated with a 0.16-mm
lower decline in mean minimal coronary artery diameter (95%
CI: 0.06, 0.26; P � 0.002) and 5.8 less progression in mean
percentage stenosis (95% CI: 2.0, 9.7; P � 0.003) (covariates as
in the adjusted model, Table 2).

TABLE 2
Progression of coronary atherosclerosis according to saturated fat intake1

Quartile of saturated fat intake (range of intake, % of energy)

P for trend1 (3.5–7.0) 2 (7.1–8.6) 3 (8.7–10.5) 4 (10.6–16.0)

Minimal coronary artery diameter (mm)
Baseline 1.86 � 0.042 1.91 � 0.04 1.90 � 0.04 2.02 � 0.043 0.01
Adjusted baseline 1.93 � 0.06 1.92 � 0.05 1.87 � 0.04 1.95 � 0.06 0.90
Follow-up 1.71 � 0.05 1.82 � 0.05 1.81 � 0.05 1.95 � 0.054 0.002
Adjusted follow-up 1.71 � 0.07 1.82 � 0.05 1.79 � 0.05 1.95 � 0.08 0.10
Change �0.15 � 0.03 �0.08 � 0.03 �0.07 � 0.033 �0.06 � 0.033 0.02
Adjusted change �0.22 � 0.04 �0.10 � 0.034 �0.07 � 0.034 �0.01 � 0.045 0.001

Coronary artery stenosis (% of reference diameter)
Baseline 30.8 � 1.1 29.5 � 1.4 30.4 � 1.1 28.1 � 1.4 0.14
Adjusted baseline 29.4 � 1.6 29.0 � 1.2 31.2 � 1.2 29.4 � 1.7 0.85
Follow-up 36.9 � 1.6 32.9 � 1.6 34.1 � 1.6 30.4 � 1.64 0.01
Adjusted follow-up 37.4 � 2.2 33.0 � 1.7 34.7 � 1.6 29.7 � 2.4 0.09
Change 6.0 � 1.0 3.2 � 1.0 2.9 � 1.03 2.0 � 1.04 0.009
Adjusted change 8.0 � 1.4 3.6 � 1.14 2.7 � 1.04 �0.1 � 1.54 0.002

1 All values were estimated by using maximum likelihood random-effects regression models, adjusted for angiographic characteristics, including location
of coronary segment, length of follow-up, enrollment site, and early coronary angiography; change also adjusted for baseline angiographic measurements.
Adjusted models were further adjusted for age, education (�high school, high school, �high school), diabetes mellitus, smoking status (current, former, and
never), pack-years of smoking, use of lipid-lowering medication, carbohydrate intake, protein intake, and total energy intake.

2 x� � SE (all such values).
3–5 Significantly different from quartile 1: 3 P � 0.05, 4 P � 0.01, 5 P � 0.001.
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Further adjustments for other characteristics had little effect
on these results. For example, after further adjustment for phys-
ical activity, history of MI or PTCA, use of aspirin or
angiotensin-converting-enzyme inhibitors, and intakes of n�3
fatty acids, trans fatty acids, alcohol, and dietary fiber, women in
the lowest quartile of saturated fat intake had a 0.21-mm decline
in minimal coronary artery diameter compared with declines of
0.10 and 0.07 mm and no decline (0.01-mm increase) in the
second, third, and fourth quartiles, respectively (P � 0.004, P �
0.003, and P � 0.001 compared with the first quartile, respec-
tively; P for trend � 0.002). Additional adjustment for other
covariates (including race, hypertension, blood pressure, body
mass index, waist-hip ratio, hormone replacement group,

�-blocker use, glycated hemoglobin, intakes of fish and antiox-
idant vitamins, and changes in smoking habits, antiplatelet med-
ication use, and lipid-lowering medication use from baseline to
follow-up (data not shown) had similarly little effect.

Other nutrients

We also evaluated the relations of other major dietary nutrients
with atherosclerotic progression (Figure 1). Polyunsaturated fat
intake was positively associated with a decline in mean minimal
coronary artery diameter (P for trend � 0.04). Carbohydrate intake
was strongly positively associated with progression, with a 19-mm
greater decline in mean minimal coronary artery diameter in a com-
parison of extreme quartiles of intake (P for trend � 0.001). Mono-
unsaturatedfat, total fat,andprotein intakeswerenotassociatedwith
progression, although the detection of a possible inverse relation
between monounsaturated fat intake and atherosclerotic progres-
sionmayhavebeen limitedbyslightly largerSEEs.Whenevaluated
continuously, a greater polyunsaturated fat intake (for each 5%
greater energy intake) was associated with a 0.17-mm greater de-
cline inmeanminimalcoronaryarterydiameter (95%CI:0.08,0.26;
P � 0.001) and a 5.8 greater progression in mean percentage ste-
nosis (95% CI: 2.3, 9.3; P � 0.001), whereas a greater carbohydrate
intake (for each 10% greater energy intake) was associated with a
0.07-mm greater decline in mean minimal coronary artery diameter
(95% CI: 0.02, 0.12; P � 0.003) and a 2.8 greater progression in
mean percentage stenosis (95% CI: 0.9, 4.6; P � 0.003) (adjust-
ments as in Figure 1).

Other replacement models

The models in Table 2 and Figure 1 can be interpreted as
estimating the effect of a greater intake of saturated fat replacing
other fats (polyunsaturated or monounsaturated), monounsatu-
rated fat replacing other fats (saturated or polyunsaturated), poly-
unsaturated fat replacing other fats (saturated or monounsatu-
rated), total fat replacing carbohydrate, carbohydrate replacing
saturated or monounsaturated fat, and protein replacing saturated
or monounsaturated fat. We evaluated other potential relations of
interest (Table 3). Carbohydrate intake was associated with
greater atherosclerotic progression when replacing saturated fat
(P � 0.04) and with a trend toward greater atherosclerotic pro-
gression when replacing monounsaturated fat (P � 0.09). Poly-
unsaturated fat intake was associated with greater atherosclerotic
progression when replacing saturated fat (P � 0.02).

Interaction by nutrients and risk factors

Greater saturated fat intake was significantly or nearly signif-
icantly associated with less progression of coronary atheroscle-
rosis among a variety of risk factor and nutrient intake subgroups
(Table 4). This association was more pronounced among women
consuming less monounsaturated fat (P for interaction � 0.04)
and possibly less total fat (P for interaction � 0.09). The asso-
ciation was significant for carbohydrate intake dichotomized at
median intake (P for interaction � 0.004). Additionally, among
the women not taking lipid-lowering medication at baseline or
during follow-up, there was 0.22 mm less progression for each
5% greater energy intake from saturated fat, compared with 0.09
mm less progression for each 5% greater energy intake from
saturated fat among women taking lipid-lowering medication (P

FIGURE 1. Mean (�SE) change in minimal coronary artery diameter
according to intake of different fats and according to intake of total fat,
protein, and carbohydrate. Adjustments as in Table 2 (saturated fat) and
Figure 1 (monounsaturated fat and polyunsaturated fat). P for trend � 0.001
(saturated fat), 0.40 (monounsaturated fat), 0.04 (polyunsaturated fat), 0.48
(total fat), 0.20 (protein), and 0.001 (carbohydrate).
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for interaction � 0.008). The inverse association between satu-
rated fat intake and progression was not statistically different by
a variety of other dietary and risk factors (Table 4).

In similar analyses (data not shown), the positive association
between polyunsaturated fat intake and atherosclerotic progres-
sion was more pronounced among women with diabetes (P for
interaction � 0.001), lower HDL cholesterol (P for interaction �
0.007), a lower protein intake (P for interaction � 0.006), and a
higher glycemic index (P for interaction � 0.02) (adjustments as
in Figure 1). The positive association between carbohydrate in-
take and atherosclerotic progression was perhaps more pro-
nounced among women with less physical activity (P for inter-
action � 0.07); furthermore, a higher carbohydrate intake (for
each 10% greater energy intake) was associated with a 0.14-mm
greater decline (95% CI: 0.07, 0.20; P � 0.001) in mean minimal
coronary artery diameter in analyses restricted to women with a
higher glycemic index (�55.1) but was not associated with
change in mean minimal coronary artery diameter (0.01-mm
increase; 95% CI: �0.08, 0.05; P � 0.73) in analyses restricted
to women with a glycemic index lower than the median (�55.1)
(adjustments as in Figure 1).

Potential mediators

Effects of dietary macronutrients on atherosclerosis may be in
part mediated by effects on body mass index, insulin sensitivity,
or serum lipids. We therefore evaluated the extent to which
differences in these factors—both at baseline and follow-up—
might mediate the observed associations. Additional adjustment
for baseline body mass index, 2-h glucose, LDL cholesterol,
HDL cholesterol, and triacylglycerols (other covariates as in
Table 2 and Figure 1) did not greatly alter the change in mean
minimal coronary artery diameter associated with intake of sat-
urated fat (0.15 mm less progression per every 5% greater energy
intake from saturated fat: 95% CI: 0.04, 0.26; P � 0.006), poly-
unsaturated fat (0.17 mm greater progression per every 5%
greater energy intake from polyunsaturated fat: 95% CI: 0.08,
0.27; P � 0.001), or carbohydrate (0.07 mm greater progression
per every 10% greater energy intake from carbohydrate: 95% CI:
0.02, 0.13; P � 0.007). Changes in body mass index, glucose, or
serum lipids at follow-up also did not appear to mediate the

observed associations; of note, differences in lipids according to
categories of nutrient intake remained relatively constant from
baseline to follow-up, which suggested that relative rankings of
nutrient intakes were consistent over time (data not shown).

Specific saturated fatty acids

We also separately evaluated relations of stearic acid (18:0)
(25% of saturated fat intake) compared with lauric (12:0), myr-
istic (14:0), and palmitic (16:0) acids (67% of saturated fat in-
take) with angiographic progression. After adjustments (as in
Table 2 footnote), each 1% greater energy intake from stearic
acid was associated with 0.11 mm less of a decline in minimal
coronary artery diameter (95% CI: 0.03, 0.18; P � 0.004),
whereas each 1% greater energy intake from lauric, myristic, or
palmitic acid was associated with 0.05 mm less of a decline in
minimal coronary artery diameter (95% CI: 0.02, 0.08; P �
0.001).

Clinical outcomes

We also evaluated associations of saturated fat intake with
clinical events. After adjustment for other risk factors (as in Table
2 footnote), greater intake of saturated fat (for each 5% greater
energy intake) was not associated with coronary revasculariza-
tion [odds ratio (OR): 0.64; 95% CI: 0.1, 6.1; n � 55), unstable
angina (OR: 0.78; 95% CI: 0.2, 3.3; n � 47), or MI or CHD death
(OR: 0.83; 95% CI: 0.2, 3.3; n � 18), although there was low
power to detect these potential associations.

DISCUSSION

Among postmenopausal women with established CHD,
greater saturated fat intake was associated with less progression
of coronary atherosclerosis over an average follow-up of 3 y,
whereas polyunsaturated fat and carbohydrate intakes were as-
sociated with greater progression. To our knowledge, this is the
first study that evaluated the associations between dietary ma-
cronutrients and atherosclerotic progression in women. Al-
though the findings do not establish causality, the associations
were independent of a variety of other risk factors, including age,
diabetes, smoking, body mass index, physical activity, prior MI

TABLE 3
Estimated effect of isocaloric substitution of nutrients on progression of coronary atherosclerosis1

In place of

Greater intake of

Monounsaturated fat Polyunsaturated fat Carbohydrate Protein

Saturated fat 0.07 (�0.08, 0.22) �0.11 (�0.20 to �0.01)2 �0.18 (�0.35 to �0.01)2 0.00 (�0.13 to 0.12)
Monounsaturated fat �0.04 (�0.14 to 0.07) �0.14 (�0.31 to 0.03)3 0.01 (�0.11 to 0.12)
Polyunsaturated fat �0.02 (�0.19 to 0.14) 0.07 (�0.05 to 0.20)
Total fat �0.04 (�0.13 to 0.05) 0.00 (�0.10 to 0.09)
Carbohydrate 0.00 (�0.08 to 0.08)

1 Values are the differences (and 95% CIs) in change in mean minimal coronary artery diameter after a comparison of extreme quartiles of intake (negative
numbers represent greater progression). The models include the covariates given in Table 2 plus all (mutually exclusive) nutrients except the replacement
nutrient (see Subjects and Methods for details). For example, the effect of replacing nutrient A with B was estimated by including all nutrients except B;
conversely, the effect of replacing B with A was estimated by including all nutrients except A. These paired models were consistent (one estimate was
approximately the inverse of the other) except for 2 pairs—saturated fat and monounsaturated fat and saturated fat and protein—in which there was less
progression when saturated fat replaced monounsaturated fat (P � 0.04) or protein (P � 0.02), but there was no significant difference when monounsaturated
fat (P � 0.38) or protein (P � 0.58) replaced saturated fat. For these 2 pairs, the conservative (NS) latter results are presented.

2 P � 0.05 (comparison of extreme quartiles).
3 P � 0.10 (comparison of extreme quartiles).
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or PTCA, and other dietary habits. Thus, known clinical risk
factors do not appear to account for the observed relations.

The inverse association between saturated fat intake and ath-
erosclerotic progression was unexpected. However, this finding
should perhaps be less surprising. Ecologic and animal experi-
mental studies showed positive relations between saturated fat
intake and CHD risk (8). However, cohort studies and clinical
trials in humans have been far less consistent (9–12). Further-
more, most studies of dietary fat and CHD risk have been per-
formed in men (15, 16). The relations in women—particularly
postmenopausal women—are much less well-established, and
evidence from dietary intervention trials suggests that diets low
in saturated fat may have different effects on CHD risk factors in
women (15, 17–22).

Women were excluded from prior studies evaluating nutrient
intake and atherosclerotic progression (2, 3, 31). In the only large
cohort study to focus on relations between dietary fat and CHD
events in women, saturated fat intake was positively associated
with CHD risk, but this association was attenuated and no longer
significant after adjustment for intakes of polyunsaturated fat and
other nutrients (16). The absence of an inverse association in that
study may have been due to different study populations (gener-
ally healthy pre- and postmenopausal women compared with
postmenopausal women with established CHD), outcomes (in-
cident CHD events compared with atherosclerotic progression),
or background diets (eg, mean total fat intake of 38% compared
with 25%). In a prospective study of 661 diabetic persons, satu-
rated fat intake was inversely (P � 0.007) and carbohydrate
intake was positively (P � 0.002) associated with incident MI in
women but not in men (22); however, the analyses were not
adjusted for other risk factors. Of 15 trials that included dietary
intervention for primary or secondary prevention of CHD (32–
46), 10 excluded women and 3 included only �10% women and
did not report results by sex (Table 5). Even among trials com-
prised exclusively or largely of men, diets low in saturated fat
have not consistently reduced CHD risk (32–39), especially
when compared with diets focusing on fish, �-linolenic acid,
fruit, vegetables, nuts, and monounsaturated fat (40, 43–46).
Thus, there is a relative paucity of literature on dietary fat and
CHD risk in women, particularly postmenopausal women.

The magnitude, independence, and consistency of the inverse
association between saturated fat intake and atherosclerotic pro-
gression are notable. Are there plausible biologic mechanisms
for such an effect? In contrast with the findings of experimental
studies (20, 21, 47–50), saturated fat intake was not associated
with LDL concentrations in our study. Women with lower satu-
rated fat intake at enrollment may have previously had higher
LDL-cholesterol concentrations and thus lowered their saturated
fat intake. If so, they were successful in lowering their LDL
cholesterol to concentrations similar to those of other women in
this cohort; however, even at similar LDL-cholesterol concen-
trations, their rate of atherosclerotic progression was much
higher, which indicates that factors besides LDL are important in
determining atherosclerotic progression in postmenopausal
women. A greater saturated fat intake was associated with other
lipid differences, including higher HDL, higher HDL2, higher
apoprotein A-I, lower triacylglycerol concentrations, and a lower
TC:HDL cholesterol ratio. These findings are consistent with
those of experimental studies that showed unfavorable effects of

TABLE 4
Progression of coronary atherosclerosis in women according to saturated
fat intake, by dietary nutrient and risk factor subgroups1

Difference in change
(95% CI)2

P for
interaction3

Dietary nutrient (% of energy) mm
Total fat

	20 (n � 62) 0.21 (0.01, 0.42)
21–29 (n � 125) 0.17 (0.03 to 0.30) 0.09
�30 (n � 48) 0.11 (�0.04 to 0.26)

Carbohydrate
�58.7 (n � 118) 0.11 (0.01 to 0.21) 0.004
�58.7 (n � 117) 0.31 (0.17 to 0.45)

Protein
�16.7 (n � 118) 0.23 (0.12 to 0.35) 0.45
�16.7 (n � 117) 0.12 (0.02 to 0.22)

Polyunsaturated fat
�5.6 (n � 118) 0.17 (0.05 to 0.29) 0.76
�5.6 (n � 117) 0.14 (0.02 to 0.25)

Monounsaturated fat
�9.7 (n � 118) 0.24 (0.11 to 0.38) 0.04
�9.7 (n � 117) 0.11 (0.00 to 0.22)

Glycemic index
�55.1 (n � 118) 0.15 (0.04 to 0.25) 0.11
�55.1 (n � 117) 0.20 (0.08 to 0.31)

Risk factor
Age (y)

	66 (n � 116) 0.13 (0.03 to 0.24) 0.27
�66 (n � 119) 0.19 (0.08 to 0.30)

BMI (kg/m2)4

�25 (n � 58) 0.15 (0.01 to 0.28)
25–30 (n � 75) 0.20 (0.07 to 0.34) 0.76
�30 (n � 97) 0.15 (0.04 to 0.25)

Diabetes
No (n � 180) 0.14 (0.04 to 0.24) 0.22
Yes (n � 55) 0.21 (0.08 to 0.34)

Smoking status
Never (n � 83) 0.21 (0.09 to 0.33)
Former (n � 112) 0.14 (0.03 to 0.26) 0.25
Current (n � 40) 0.10 (�0.04 to 0.24)

Lipid-lowering medication
No (n � 103) 0.22 (0.11 to 0.33) 0.008
Yes (n � 132) 0.09 (�0.02 to 0.20)

Hormone replacement therapy
None (n � 80) 0.20 (0.08 to 0.32)
Estrogen (n � 74) 0.12 (0.00 to 0.24) 0.42
Estrogen � progestin (n � 81) 0.16 (0.04 to 0.27)

Prior MI
No (n � 124) 0.13 (0.02 to 0.25) 0.36
Yes (n � 111) 0.18 (0.07 to 0.29)

Prior PTCA
No (n � 127) 0.15 (0.04 to 0.25) 0.75
Yes (n � 108) 0.16 (0.05 to 0.27)

LDL cholesterol (mg/dL)4

�138 (n � 109) 0.16 (0.05 to 0.27) 0.88
�138 (n � 109) 0.15 (0.02 to 0.28)

HDL cholesterol (mg/dL)4

�44 (n � 118) 0.13 (0.01 to 0.25) 0.72
�44 (n � 114) 0.17 (0.06 to 0.28)

Vessels with �30% stenosis5

No 0.17 (0.07 to 0.28) 0.41
Yes 0.14 (0.04 to 0.25)

Time to follow-up (y)
�3.3 (n � 118) 0.16 (0.06 to 0.26) 0.18
�3.3 (n � 117) 0.14 (0.03 to 0.25)

1 MI, myocardial infarction; PTCA, percutaneous transluminal coro-
nary angioplasty.

2 The difference in change in mean minimal coronary artery diameter as-
sociated with greater saturated fat intake (for each 5% greater energy intake);
positive numbers represent less progression (covariates as in Table 2).

3 Log-likelihoodratio test,withcontinuous interactiontermsforcontinuous
covariates, except for carbohydrate, which was evaluated as a binary variable
dichotomized at median intake.

4 Not all women were included because of missing values.
5 There were a total of 1269 segments in 231 women with �30% stenosis

and 951 segments in 227 women with �30% stenosis.
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low-fat, low-saturated-fat diets on HDL cholesterol, HDL2 cho-
lesterol, the TC:HDL cholesterol ratio, and postprandial triacyl-
glycerol concentrations in women (18, 20, 21, 47–51), particu-
larly when compared with men (18, 20–21). For example, among
hypercholesterolemic subjects treated with a National Choles-
terol Education Program Step II diet (�30% fat, �7% saturated
fat), HDL decreased 1.3% in men and 7.6% in women (P � 0.001
for sex difference), HDL2 increased 0.5% in men and decreased
16.7% in women (P � 0.001), apoprotein A-I was unchanged in
men but decreased 5.3% in women (P � 0.001), and the TC:HDL
cholesterol ratio decreased 3% in men and increased 3% in
women (P � 0.01) (20).

Although LDL cholesterol strongly predicts CHD risk in men,
these non-LDL lipid variables are stronger predictors in women
(19, 23, 52, 53). Effects of saturated fat intake on HDL and
triacylglycerols may be especially important after menopause,
when HDL-cholesterol concentrations are lower and CHD risk is
correspondingly greater (23). In our study, the inverse associa-
tion between saturated fat intake and atherosclerotic progression
was greater among women not taking lipid-lowering medication;
if saturated fat intake reduces CHD risk via lipoprotein effects,
such an influence may be less pronounced when lipids are more
potently affected by lipid-lowering medication. This relation was

also less pronounced among women with higher monounsatu-
rated fat intake, which has similar favorable effects on HDL and
triacylglycerols (4, 6). Thus, these results are consistent with
potential biologic effects of saturated and monounsaturated fat
intakes in postmenopausal women. However, lipid concentra-
tions at baseline and follow-up did not appear to mediate the
observed relations, which suggests either mediation by non-lipid
effects of these nutrients or that single baseline and follow-up
fasting lipid panels do not adequately capture effects on serum
lipids.

Carbohydrate intake was positively associated with atheroscle-
rotic progression when replacing saturated fat and monounsaturated
fat but not when replacing total fat, polyunsaturated fat, or protein.
The association was perhaps stronger among women with lower
physical activity, who would be more susceptible to adverse effects
of carbohydrates—particularly refined carbohydrate—on HDL
cholesterol, triacylglycerols, glucose metabolism, insulin sensitiv-
ity, and weight gain (4–7). Consistent with such biologic mecha-
nisms, the relation between carbohydrate intake and atherosclerotic
progression appeared to be stronger in women with a higher glyce-
mic index.

Polyunsaturated fat intake was not associated with atheroscle-
rotic progression when replacing carbohydrate or protein but was

TABLE 5
Clinical trials including dietary intervention for primary or secondary prevention of coronary heart disease (CHD)1

Trial Population Intervention Outcome P

Research Committee, 1965
(33)

264 men post-MI 2 Total fat MI and fatal CHD1 1% NS

Medical Research Council,
1968 (34)

393 men post-MI 1 ALA,2 saturated fat MI and fatal CHD2 18% NS

Oslo Diet-Heart, 1970 (35) 412 men post-MI 1 P:S CHD mortality2 16% 0.10
Sydney Diet-Heart, 1978

(36)
458 men post-MI 1 P:S Total mortality1 42% �0.01

Los Angeles Veterans, 1968
(37)

846 men 1 P:S MI and sudden death2 33% NS

Oslo Study Group, 1981
(38)

1232 men 2 Total fat,2 saturated fat;1 fiber2 MI and fatal CHD2 46% 0.03

European Collaborative
Group, 1986 (39)

60 881 men 2 Total fat,2 saturated fat3 MI and fatal CHD2 10% 0.07

MRFIT, 1990 (40) 12 866 men 2 Total fat,1 P:S4 CHD mortality2 11% NS
Finnish Mental Hospital,

1979 (41)
461 men 11 ALA,1 P:S ECG change and CHD death2 68% 0.03

Finnish Mental Hospital,
1983 (42)

591 women 11 ALA,1 P:S ECG change and CHD death2 60% 0.10

Minnesota Coronary
Survey, 1989 (43)

4664 women,
4393 men

1 P:S MI and sudden death1 6% NS

DART, 1989 (44)5 2033 men post-MI Cereal fiber CHD death1 27% NS
DART, 1989 (44)5 2033 men post-MI Fatty fish CHD death2 32% �0.01
Singh et al, 1992 (45) 505 men post-MI Nuts, fruit, and vegetables, whole

grains
MI and sudden death2 40% �0.001

Lyon Diet-Heart, 1994 (46) 61 women, 544
men post-MI

Canola oil, legumes, fruit and
vegetables, fish

MI and CHD death2 73% 0.001

Indo-Mediterranean Diet-
Heart, 2002 (47)

103 women, 897
men

Nuts, fruit and vegetables, whole
grains

MI and sudden death2 52% �0.001

1 MRFIT, Multiple Risk Factor Intervention Trial; DART, Diet and Reinfarction Trial; MI, myocardial infarction; P:S, ratio of polyunsaturated to saturated
fatty acids; ECG, electrocardiogram; ALA, �-linolenic acid.

2 Intervention group also received advice on smoking cessation.
3 Intervention group also received advice on smoking cessation, blood pressure control, weight control, and exercise.
4 Intervention group also received advice on smoking cessation and drug treatment to control hypertension.
5 2 
 2 factorial design.
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positively associated when replacing other fats, especially satu-
rated fat. Few prior studies have evaluated relations between
polyunsaturated fat intake and CHD risk in women; those that
have been conducted have had conflicting results. In one obser-
vational study in women, polyunsaturated fat intake was in-
versely associated with incident CHD (16). However, in a cohort
of diabetic persons, a higher ratio of polyunsaturated to saturated
fat (P:S) predicted lower CHD risk in men but not in women (22).
Among 591 institutionalized women, a higher P:S diet nonsig-
nificantly lowered CHD risk by 60% (P � 0.10), but the inter-
vention diet also included much higher (by 500%) amounts of
n�3 �-linolenic acid (41). A higher P:S causes a greater decline
in HDL in women than in men (18). In a clinical trial of 4393 men
and 4664 women, a higher-P:S diet did not affect risk in men and
women combined, but there were nonsignificant trends toward
32% more CHD events (P � 0.16) and 16% higher total mortality
(P � 0.29) in women (42). The positive association seen in our
study was more pronounced in diabetic women and in those with
a lower HDL cholesterol, a lower protein intake, and a higher
glycemic index; confirmation of these results in other studies is
indicated.

Our study has several strengths. Outcomes were prospectively
ascertained, which reduced the potential for recall bias. A variety
of participant characteristics were assessed by using standard-
ized methods, which increased the capacity to adjust for con-
founding. Angiographic outcomes were centrally evaluated by
operators using validated methods who were unaware of the
participants’ dietary habits or the temporal sequence of films,
which minimized the potential for misclassified or biased out-
come measures. The precision in the outcome due to repeated
measures provided ample power to detect differences in change
in mean minimal luminal diameter from baseline to follow-up.

There were also potential limitations to our findings. Usual
dietary intake was assessed at baseline, and there may have been
changes in diet over time. Nutrient intakes were estimated from
a variety of food items, which limited precise estimation (though
relative intakes were probably ranked correctly at the extremes).
Without apparent bias, dietary changes over time and measure-
ment errors would attenuate findings toward the null; however,
such errors would not cause a harmful association to appear
beneficial. Relations of saturated fat intake with atherosclerotic
progression may be different among women in whom follow-up
coronary angiography is not available; however, the baseline
characteristics of these women were generally similar to those
included in the analysis, and only 12 women (4%) died before
follow-up angiography. We could not assess the relations of
nutrient intake with other factors related to CHD risk, such as
platelet aggregation or thrombosis; on the other hand, progres-
sion of atherosclerosis predicts clinical events (54). Residual
confounding by incompletely measured or unknown factors can-
not be excluded. This was a post hoc analysis among participants
in a randomized trial, and our findings may not be generalizable
to all postmenopausal women.

Although CHD is the leading cause of death among both men
and women, prior studies have historically focused on relations
between risk factors and CHD in men. Our findings are not
consistent with the hypothesis—based largely on observations in
men—that saturated fat intake increases atherosclerotic progres-
sion in postmenopausal women but instead suggest that saturated
fat intake may reduce such progression, especially when mono-
unsaturated fat intake is low or carbohydrate intake is high. Our

findings also suggest that carbohydrate intake may increase ath-
erosclerotic progression, especially when refined carbohydrates
replace saturated or monounsaturated fats. Confirmation of these
findings in other studies and examination of potential mecha-
nisms and alternative explanations are warranted.
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Erratum

Cifuentes M, Riedt CS, Brolin RE, Field MP, Sherrell RM, Shapses SA. Weight loss and calcium intake influence
calcium absorption in overweight postmenopausal women. Am J Clin Nutr 2004;80:123–30.

In Table 1 (page 127), the baseline values of 25(OH) vitamin D in the normal calcium group should be 84.1 �
19.9 nmol/L for weight maintenance and 73.3 � 21.9 nmol/L for weight loss, and those in the high calcium group
should be 68.9 � 14.6 nmol/L for weight maintenance and 61.6 � 22.0 nmol/L for weight loss.

Because the values change consistently across the categories, the statistics and interpretation of the data remain
unchanged.

Erratum

Mozaffarian D, Rimm EB, Herrington DM. Dietary fats, carbohydrate, and progression of coronary atheroscle-
rosis in postmenopausal women. Am J Clin Nutr 2004;80:1175–84.

On page 1179, the legend for Figure 1 should read as follows:

FIGURE 1. Mean (�SE) change in minimal coronary artery diameter according to intake of different nutrients, with adjustments
as in Table 2 (see footnote 1), except that total fat was not adjusted for carbohydrate, and carbohydrate and protein were also adjusted
for polyunsaturated fat. These models estimate the effect of saturated fat replacing other fats (monounsaturated or polyunsaturated),
monounsaturated fat replacing other fats (saturated or polyunsaturated), polyunsaturated fat replacing other fats (saturated or
monounsaturated), total fat replacing carbohydrate, carbohydrate replacing saturated or monounsaturated fat, and protein replacing
saturated or monounsaturated fat. Median intakes (% of energy) for quartiles 1–4 were as follows: saturated fat (6.1, 7.8, 9.5, and 12.0),
monounsaturated fat (6.9, 8.6, 10.7, and 13.0), polyunsaturated fat (3.9, 5.2, 6.1, and 7.5), total fat (17.6, 21.7, 27.0, and 31.9),
carbohydrate (47.1, 55.6, 60.5, and 68.9), and protein (12.7, 15.8, 18.0, and 21.2). P for trend � 0.001 (saturated fat), 0.40
(monounsaturated fat), 0.04 (polyunsaturated fat), 0.48 (total fat), 0.20 (protein), and 0.001 (carbohydrate).
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