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& CVD: 

Wrongfully 
Accused? 



Background 
!   Over the past 40 years, healthful diets have been synonymous with 

avoiding fat 
!   Particularly saturated fat 436 Nutrition

tially relevant characteristics of dietary fats and carbo-
hydrates, such as extent of food processing, associated
micronutrient content, and food preparation methods
[19••,20••,22]. The traditional paradigm also does
not account for possible variation in effects of fats versus
carbohydrates on CHD depending on individual suscepti-
bility as related to gender [6•,23–28], insulin sensitivity
[8,9], genetic variation [29], background diet [30,31],
or medication use [31]. A more complete diet-CHD para-
digm must incorporate each of these possibilities and
also consider potential effects of diet on other cardiovascu-
lar outcomes (Fig. 1).

This article reviews the evidence for effects of dietary
fats versus carbohydrates on CHD risk. Other cardiovas-
cular outcomes, such as stroke or heart failure, are not
discussed herein, so as to allow appropriate attention to
CHD, but should be considered in any overall appraisal of
dietary effects on cardiovascular health.

Methods
English-language observational studies, clinical trials,
experimental studies, and reviews of dietary fats or carbo-
hydrates and CHD risk in humans were identified using
Medline (1966 to June 2005) and hand-searching of refer-
ences. Studies were selected based on clinical and historical
relevance, strength of study design and methods, and
precision of effect estimates. Metabolic studies of second-
ary endpoints (eg, serum lipid concentrations) were
considered, but because such isolated outcomes may not
accurately reflect the aggregate effects of diet on CHD
risk, precedence was given to prospective observational

studies and randomized controlled trials of clinical events
(eg, myocardial infarction [MI] or CHD death). Isocaloric
comparisons were generally considered to avoid bias due
to differences in caloric intake rather than to differences in
nutrient effects. Because consequences of decreasing the
intake of a nutrient may depend on the foods used to
replace it, the evidence for such potentially variable effects
was also considered, when available.

Fats
Total fat
Ecologic and animal-experimental studies suggested that
lower total fat intake decreased CHD risk, thought to be
related to reductions in serum total and LDL cholesterol
[1,2]. However, subsequent studies demonstrated that
lower total fat intake also reduced serum high-density lipo-
protein (HDL) cholesterol and increased serum triglycer-
ides, resulting in little overall net change in CHD risk in
men and potentially higher CHD risk in women [6•].
Additionally, reduction in total fat intake generally results
in increased carbohydrate intake [5], and higher intake of
carbohydrates—particularly refined, higher-glycemic index
carbohydrates—may adversely affect glucose-insulin
homeostasis, satiety, and weight gain.

Prospective cohort studies and randomized trials have
not seen a positive relation between total fat intake and
incidence of CHD [4,32••,33•]. For example, among
78,778 women initially free of cardiovascular disease and
diabetes and followed for 20 years, total fat intake was not
related to risk of incident CHD (comparing extreme quin-
tiles of intake, multivariate RR = 0.92; 95% CI, 0.77–1.09;

Figure 1. The traditional diet–coronary heart 
disease (CHD) paradigm maintains that 
intake of fat, particularly saturated fat, 
increases total and low-density lipoprotein 
(LDL) cholesterol levels, resulting in 
increased CHD risk. A more complete para-
digm considers a broad range of dietary 
habits, intermediary physiologic effects, and 
cardiovascular outcomes, and also accounts 
for factors potentially influencing individual 
susceptibility, such as gender, underlying 
insulin resistance, genetic variation, back-
ground diet, or medication use. Compared 
with the more complete paradigm, the tradi-
tional diet-CHD paradigm can be seen to be 
the “tip of the iceberg,” missing the prepon-
derance of dietary constituents, effects on 
risk factors, and cardiovascular outcomes 
concealed beneath the traditional surface.

Mozaffarian, 2005 



USDA.gov 

Dietary Guidelines 
!   First published in 1980  

!   Nutritional & dietary 
guidance for the U.S. general 
public 

!   Foundation for: 

!   Federal nutrition 
education/promotion 
programs  

!   Food assistance programs 

!   Food labeling 



!   Current Recommendations: 
!   “Consume less than 10% of calories from saturated fatty acids” 

!   “Limit your intake of saturated fat to less than 7% of energy” 

Dietary Guidelines 

Lichenstein et al, 2006 
Dietary Guidelines for Americans, 2005, USDA 



So where did this 
recommendation come from?  



Ancel Keys 
!   Professor at the University of 

Minnesota 

!   Seminal epidemiological study 

!   Looked at several countries 
around the world relating 
fat intake and death 

!   Conclusion: high-fat diet is 
correlated with mortality 

Vanitallie TB. Ancel Keys: a tribute. Nutr Metab (Lond). 2005 Feb 14;2(1):4. 



Keys, A. Atherosclerosis: a problem in newer public health. J Mt Sinai Hosp NY. 1953;20:134. 



A clear link, or not? 

!   Keys looked at 6 different countries using 
national food balance data 
!   But data for 22 countries were available 



Yerushalmy and Hillenboe, 1957 

Japan 

France 

Switzerland Norway 

Netherlands 

Austria 



Yerushalmy and Hillenboe, 1957 



USDA.gov 
http://www.time.com/time/covers/0,16641,19610113,00.html 



http://www.time.com/time/covers/0,16641,19840326,00.html 

The Popular Press 
embraces idea 



Conflicting Studies 

! Framington heart study (5209 subjects) 

!   MRFIT (Multiple Risk Factor Intervention Trial) (12,866 men) 

!   Women’s Health Initiative Dietary Modification Trial (48,835 women) 

!   Largest randomized dietary intervention to date 

!   All three studies found no significant association with either 
lowering Total Fat/SFA and CHD 

Posner et al, 1990 
MRFIT Research Group, 1982 

Howard et al, 2006 
 



!   “Despite decades of effort and many thousands of people 
randomized, there is still only limited and inconclusive evidence 
of the effects of modification of total, saturated, 
monounsaturated, or polyunsaturated fats on cardiovascular 
morbidity and mortality.” 

-Lee Hooper 

Hooper L, et al. Dietary fat intake and prevention of cardiovascular disease: 
systematic review. British Medical Journal. 2001 Mar 31;322(7289):757-63. 



Nevertheless, the public changed their habits 

Center for Disease Control, 2004 



Diets are a trade-off 
!   Carbs, Protein, & Fat 

!   It’s very hard to add pure protein alone in a diet 

!   By definition, a low-fat diet is generally a high-CHO diet 

Fats 

Carbohydrates 

Protein 

Fats 

Carbs 

Protein 



Diets are a tradeoff 

Center for Disease Control, 2004 



Statement of Importance 
!   Dietary guidelines continue to advocate reducing dietary saturated 

fat to reduce CVD risk. 

!   However saturated fat may not be as atherogenic as believed, and 
high carbohydrate intake may pose equal or greater risk for CVD. 
!   New insights from LDL particle size 



Purpose 
!   Describe recent evidence that show recommending 

lower saturated fat intake may be counterproductive 
to lowering CVD risk 

!   Show that the diet-heart hypothesis may no longer 
be the whole truth 



Now to the “heart” of the matter… 



Dietary fats, carbohydrate, and 
progression of coronary 
atherosclerosis in 
postmenopausal women 
D. Mozaffarian, E.B. Rimm, and D.M. Herrington 
 
American Journal of Nutrition, 2004, Vol. 80: 1175-1184 



Atherosclerosis 
!   Narrowing of the 

arteries 

!   Linked with heart 
disease 

National Institutes of Health 



Study Design/Methods 
!   Subjects taken from the Estrogen Replacement and 

Atherosclerosis (ERA) trial 
!   309 post-menopausal women with established coronary heart disease 

!   Excluded if there was cancer, previous or planned coronary bypass 
surgery, uncontrolled hypertension or diabetes, among others 

!   235 women with 2243 evaluable coronary segments 

!   Dietary Assessment 
!   Usual dietary intake assessed at beginning of study 

!   Validated, semi-quantitative FFQ 

!   Angiogram 



Results 
!   Follow-up after avg 3.1 years 

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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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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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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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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Results 

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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Results 

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-
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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-
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progression, although the detection of a possible inverse relation
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continuously, a greater polyunsaturated fat intake (for each 5%
greater energy intake) was associated with a 0.17-mm greater de-
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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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Discussion 
!   This was noted as the first study to date evaluating 

association between macronutrients and atherosclerosis 

!   After 3 yr average follow-up: 

!   Greater saturated fat intake was associated with less 
progression of coronary atherosclerosis 

!   Greater carbohydrate intake was associated with greater 
progression of atherosclerosis 



Strengths 
!   Prospective study 

!   Angiographs were evaluated through an independent party 

!   Directly examined progression of atherosclerosis rather than 
lipid risk factors 

!   Regression used to examine possible confounders 



Limitations 
!   Food frequency questionnaire 

!   Looked at women with existing atherosclerosis 

!   Possible confounding with concurrent hormone therapy & lipid-
lowering drugs 

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.

DIET AND ATHEROSCLEROSIS IN WOMEN 1181

 at U
niv of U

tah Eccles H
lth Sci Lib/Serials on D

ecem
ber 7, 2010

w
w

w
.ajcn.org

D
ow

nloaded from
 

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
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Difference in change
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P for
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Dietary nutrient (% of energy) mm
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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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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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Related Evidence 
!   Effects of Drugs vs Diet 

!   Statins have secondary anti-inflammatory and immunomodulatory 
effects independent of LDL levels 

!   Replacing saturated fat with PUFA and MUFA is better at 
reducing CHD than reducing total fat intake (Hu et al, 1997) 
!   Anti-inflammatory effects of PUFA? 

!   Are all LDL’s equal 
!   Small, dense LDL vs Large, buoyant LDL 



Issacson, Heart Hospital of North Dakota 



Mean (±SEM) effects of variation in dietary carbohydrate and saturated fat on LDL 
subclasses. 

Siri-Tarino PW et al. Am J Clin Nutr 2010;91:502-509 



Related Evidence 
!   LDL particle size (Siri-Tarino et al, 2010) 

!   Saturated Fat increases LDL, but mainly the Large type 
!   Saturated Fat also raises HDL (Mensink and Katan, 1992) 

!   Carbohydrate increases appearance of small dense LDL 

!   Large LDL is not associated with CHD, while small dense LDL is 
(St. Pierre et al, 2005)   
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tially relevant characteristics of dietary fats and carbo-
hydrates, such as extent of food processing, associated
micronutrient content, and food preparation methods
[19••,20••,22]. The traditional paradigm also does
not account for possible variation in effects of fats versus
carbohydrates on CHD depending on individual suscepti-
bility as related to gender [6•,23–28], insulin sensitivity
[8,9], genetic variation [29], background diet [30,31],
or medication use [31]. A more complete diet-CHD para-
digm must incorporate each of these possibilities and
also consider potential effects of diet on other cardiovascu-
lar outcomes (Fig. 1).

This article reviews the evidence for effects of dietary
fats versus carbohydrates on CHD risk. Other cardiovas-
cular outcomes, such as stroke or heart failure, are not
discussed herein, so as to allow appropriate attention to
CHD, but should be considered in any overall appraisal of
dietary effects on cardiovascular health.

Methods
English-language observational studies, clinical trials,
experimental studies, and reviews of dietary fats or carbo-
hydrates and CHD risk in humans were identified using
Medline (1966 to June 2005) and hand-searching of refer-
ences. Studies were selected based on clinical and historical
relevance, strength of study design and methods, and
precision of effect estimates. Metabolic studies of second-
ary endpoints (eg, serum lipid concentrations) were
considered, but because such isolated outcomes may not
accurately reflect the aggregate effects of diet on CHD
risk, precedence was given to prospective observational

studies and randomized controlled trials of clinical events
(eg, myocardial infarction [MI] or CHD death). Isocaloric
comparisons were generally considered to avoid bias due
to differences in caloric intake rather than to differences in
nutrient effects. Because consequences of decreasing the
intake of a nutrient may depend on the foods used to
replace it, the evidence for such potentially variable effects
was also considered, when available.

Fats
Total fat
Ecologic and animal-experimental studies suggested that
lower total fat intake decreased CHD risk, thought to be
related to reductions in serum total and LDL cholesterol
[1,2]. However, subsequent studies demonstrated that
lower total fat intake also reduced serum high-density lipo-
protein (HDL) cholesterol and increased serum triglycer-
ides, resulting in little overall net change in CHD risk in
men and potentially higher CHD risk in women [6•].
Additionally, reduction in total fat intake generally results
in increased carbohydrate intake [5], and higher intake of
carbohydrates—particularly refined, higher-glycemic index
carbohydrates—may adversely affect glucose-insulin
homeostasis, satiety, and weight gain.

Prospective cohort studies and randomized trials have
not seen a positive relation between total fat intake and
incidence of CHD [4,32••,33•]. For example, among
78,778 women initially free of cardiovascular disease and
diabetes and followed for 20 years, total fat intake was not
related to risk of incident CHD (comparing extreme quin-
tiles of intake, multivariate RR = 0.92; 95% CI, 0.77–1.09;

Figure 1. The traditional diet–coronary heart 
disease (CHD) paradigm maintains that 
intake of fat, particularly saturated fat, 
increases total and low-density lipoprotein 
(LDL) cholesterol levels, resulting in 
increased CHD risk. A more complete para-
digm considers a broad range of dietary 
habits, intermediary physiologic effects, and 
cardiovascular outcomes, and also accounts 
for factors potentially influencing individual 
susceptibility, such as gender, underlying 
insulin resistance, genetic variation, back-
ground diet, or medication use. Compared 
with the more complete paradigm, the tradi-
tional diet-CHD paradigm can be seen to be 
the “tip of the iceberg,” missing the prepon-
derance of dietary constituents, effects on 
risk factors, and cardiovascular outcomes 
concealed beneath the traditional surface.

Mozaffarian, 2005 



Closing Remarks  
!   Revise dietary guidelines? 

!   Difficulty of Public Health Policy 

!   Future Research 
!   Clinical trials 

!   Rethink the Diet-Heart Hypothesis 

!   Complexity of the Nutrition field 
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