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ABSTRACT
Background: Metabolic studies suggest that saturated fatty
acids differ in their effects on blood lipids.
Objective: The objective was to examine the associations
between intakes of individual saturated fatty acids and their food
sources in relation to the risk of coronary heart disease (CHD).
Design: This was a prospective cohort study of 80 082 women in
the Nurses’ Health Study aged 34–59 y. Subjects had no known
cardiovascular disease, cancer, hypercholesterolemia, or diabetes,
and completed validated food-frequency questionnaires in 1980.
Results: During 14 y of follow-up, we documented 939 incident
cases of major CHD events. In multivariate analyses in which
age, smoking, and other covariates were controlled for, intakes
of short- to medium-chain saturated fatty acids (4:0–10:0) were
not significantly associated with the risk of CHD. In contrast,
intakes of longer-chain saturated fatty acids (12:0–18:0) were
each separately associated with a small increase in risk. The multivariate RR for a 1% energy increase from stearic acid was 1.19
(95% CI: 1.02, 1.37). The ratio of polyunsaturated to saturated
fat was strongly and inversely associated with CHD risk (multivariate RR for a comparison of the highest with the lowest
deciles: 0.58; 95% CI: 0.41, 0.83; P for trend < 0.0001). Conversely, higher ratios of red meat to poultry and fish consumption and of high-fat to low-fat dairy consumption were
associated with significantly greater risk.
Conclusion: A distinction between stearic acid and other saturated fats does not appear to be important in dietary advice to
reduce CHD risk, in part because of the high correlation between
stearic acid and other saturated fatty acids in typical diets.
Am J Clin Nutr 1999;70:1001–8.

plasma lipid and lipoprotein concentrations (5). Specifically, saturated fatty acids with 12–16 carbon atoms tend to increase
plasma total and LDL-cholesterol concentrations, whereas
stearic acid (18:0) does not have a cholesterol-raising effect
compared with oleic acid (18:1). However, 18:0 may lower HDL
and increase lipoprotein(a) [Lp(a)] concentrations (6). Among
the cholesterol-raising saturated fatty acids, myristic acid (14:0)
appears to be more potent than lauric acid (12:0) or palmitic acid
(16:0) (5, 7), but the data are not entirely consistent (8).
The differential effects of specific saturated fats on plasma
lipids and lipoproteins imply that these fats may have different
effects on the risk of CHD. So far, epidemiologic studies have
assessed only the association of the risk of CHD with total saturated fatty acids; to our knowledge, no data are available regarding the associations between individual saturated fatty acids and
the risk of CHD. Recently, we reported a modest positive association between saturated fat intake and the risk of CHD in
women participating in the Nurses’ Health Study (9). The present analysis examines in detail the relations of intake of specific
saturated fatty acids and their major food sources with the incidence of CHD during 14 y of follow-up.
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INTRODUCTION
Migration studies and international comparisons suggest a
strong positive association between saturated fat intake and risk
of coronary heart disease (CHD) (1, 2). In metabolic studies,
diets high in saturated fat and low in polyunsaturated fat increase
blood cholesterol concentrations (3, 4). However, different
classes of saturated fatty acids can have different effects on

SUBJECTS AND METHODS
The Nurses’ Health Study cohort was established in 1976
when 121 700 female registered nurses aged 30–55 y and residing in 11 large US states provided detailed information on their
medical history and lifestyle characteristics (10). Every 2 y,
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follow-up questionnaires have been sent to update information
on potential risk factors and to identify newly diagnosed cases of
CHD and other diseases.
In 1980, a 61-item food-frequency questionnaire was included
to assess intakes of specific fats and other nutrients. In 1984, the
food-frequency questionnaire was expanded to include 116 food
items. Similar questionnaires were used to update dietary intakes
in 1986 and 1990. The primary change in the revised questionnaire was the creation of individual questions about groups of
nutritionally similar food items that had been collapsed into single items on the more compressed original questionnaire. The
reproducibility and validity of the food-frequency questionnaires
were described in detail elsewhere (11, 12). In validation studies
among subsamples of the main study, correlation coefficients
between energy-adjusted saturated fat intakes derived from the
61-item and 116-item food-frequency questionnaires and from
multiple, 1-wk dietary records (after within-person variation in
the diet records was accounted for) were 0.65 and 0.68, respectively (L Sampson, E Rimm, M Stampfer, B Rosner, W Willett,
unpublished observations, 1997).
To calculate intakes of specific saturated fatty acids and other
nutrients, a commonly used unit or portion size for each food (eg,
one egg or one slice of bread) was specified and the participant
was asked how often on average during the previous year she had
consumed that amount. Nine responses were possible, ranging
from “never” to “≥ 6 times/d.” Nutrient intakes were computed by
multiplying the frequency of consumption of each unit of food by
the nutrient content of the specified portions. Composition values
for individual saturated fatty acids and other nutrients were
obtained from US Department of Agriculture sources (13).
After up to 4 mailings, 98 462 women returned the 1980 dietary
questionnaire. We excluded those who left ≥ 10 items blank, those
with implausibly low or high scores for total food or energy intake
[ie, < 2094 kJ (500 kcal) or > 14 650 kJ (3500 kcal)/d], and those
with previously diagnosed cancer, angina, myocardial infarction,
stroke, or other cardiovascular diseases. Women reporting high
serum cholesterol concentrations or diabetes were excluded
because these disorders are associated with a risk of CHD and also
could have caused the women to change their diets. The final 1980
baseline population consisted of 80 082 women.
Ascertainment of endpoint
The primary endpoint for this study was nonfatal myocardial
infarction or fatal coronary disease occurring after the return of
the 1980 questionnaire but before 1 June 1994. We sought to
review medical records for all such reports. Records were
reviewed by study physicians with no knowledge of the subjects’
self-reported risk factor status. Myocardial infarction was confirmed by using World Health Organization criteria: symptoms
plus either diagnostic electrocardiographic changes or elevated
cardiac enzymes (14). Infarctions that required hospital admission and for which confirmatory information was obtained by
interview or letter, but for which no medical records were available, were designated as probable (17%). We included all confirmed and probable cases in our analyses because results were
the same after probable cases were excluded.
Deaths were identified from state vital records and the
National Death Index or were reported by next of kin or the
postal system; follow-up for deaths was > 98% complete (15).
Fatal coronary disease was defined as fatal myocardial infarction
if this was confirmed by hospital records or autopsy, or if coro-
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nary disease was listed as the cause of death on the death certificate and there was evidence of previous coronary disease. CHD
cases were designated as presumed if the underlying cause on
the death certificate was CHD but no records were available;
these cases constituted <14.7% of fatal CHD cases. Analyses
limited to confirmed cases yielded similar results, although with
less precision. We also included sudden death within 1 h of the
onset of symptoms in women with no other plausible cause of
death (other than coronary disease); these cases constituted
<12.3% of fatal CHD cases.
Data analysis
Person-years (the number of persons studied times the number of years of follow-up) for each participant were calculated
from the date of return of the 1980 questionnaire to the date of
the first CHD event, death, or 1 June 1994, whichever came
first. Women were divided into quintiles according to the percentage of energy from each type of saturated fatty acid. Incidence rates were calculated by dividing the number of events by
person-years of follow-up in each quintile. The relative risk
(RR) was computed as the rate in a specific category of fat
intake divided by that in the lowest quintile, with adjustment by
5-y age categories. In multivariate models using pooled logistic
regression (16), we simultaneously included intakes of total
energy, dietary cholesterol, protein, and fiber, and percentages
of energy from saturated fat, monounsaturated fat, polyunsaturated fat, and trans fat, in addition to other potential confounding variables. In such models, the coefficient for a specific type
of fat can be interpreted as an estimate of the effect of that fat
compared with the same energy from carbohydrates (17). For
analyses of food consumption in relation to the risk of CHD, we
calculated composite scores for red meat, poultry and fish, lowfat dairy products, and high-fat dairy products and classified
women into quintiles of these scores; median values for each
quintile were used to test for a linear trend.
Because intakes of individual saturated fatty acids were highly
correlated because of shared food sources, we did not enter all the
specific saturated fatty acids into the model simultaneously. To
distinguish 18:0 from other long-chain saturates, we entered the
intake of 18:0 and the sum of 12:0, 14:0, and 16:0 into the model
simultaneously. Because of a high correlation between 18:0 and
16:0 as a result of shared food sources, we also calculated 18:0
intakes, adjusted for 16:0 and other saturates, using the regression
method that has been described for energy adjustment (17). We
then conducted analyses using adjusted 18:0 intakes.
To reduce within-subject variation and best represent longterm dietary intakes, we used repeated measures of diet in the
analyses (9). In particular, the incidence of CHD was related to
the cumulative average of individual saturated fatty acids from
all available questionnaires up to the start of each 2-y follow-up
interval in a pooled logistic model. Because changes in diet after
the development of intermediate endpoints such as angina,
hypercholesterolemia, and diabetes may confound the diet-disease associations (18), we stopped updating the diet at the beginning of the time interval during which individuals developed
those intermediate endpoints. Most covariates were updated
biennially, including age (5-y category), time period (7 periods),
body mass index (5 categories), cigarette smoking (never, past,
and current smoking of 1–14, 15–24, and ≥ 25 cigarettes/d),
menopausal status (premenopausal, postmenopausal without
hormone replacement, postmenopausal with past hormone
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TABLE 1
Individual saturated fatty acid intakes over time in the Nurses’ Health Study1
4:0–10:0

12:0

14:0

16:0

18:0

Total

8.57 ± 2.00
6.54 ± 1.32
6.14 ± 1.31
5.92 ± 1.32
< 0.0001

4.01 ± 1.04
3.00 ± 0.70
2.77 ± 0.69
2.73 ± 0.74
< 0.0001

15.58 ± 3.60
12.45 ± 2.60
11.65 ± 2.60
10.63 ± 2.55
< 0.0001

% of energy
0.69 ± 0.35
0.59 ± 0.28
0.57 ± 0.28
0.49 ± 0.24
< 0.0001

1980
1984
1986
1990
P for time trend
1–
x ± SD.

0.25 ± 0.10
0.23 ± 0.16
0.23 ± 0.15
0.24 ± 0.16
< 0.0001

1.38 ± 0.46
1.06 ± 0.36
1.02 ± 0.35
0.88 ± 0.33
< 0.0001

TABLE 2
Top 5 contributors to specific saturated fatty acids in the diet based on data from the 1984 food-frequency questionnaire1
4:0

6:0

8:0

10:0

12:0

14:0

16:0

18:0

Total saturated fat

Hard cheese Hard cheese
Hard cheese
Hard cheese Coffee whitener Hard cheese Beef as main dish Beef as main dish Beef as main dish
[31]
[27]
[28]
[22]
[18]
[20]
[15]
[16]
[13]
Low-fat milk
Butter
Low-fat milk
Butter
Hard cheese
Beef
Hard cheese
Hard cheese
Hard cheese
[13]
[16]
[15]
[11]
[15]
[11]
[10]
[9]
[11]
Whole milk Low-fat milk
Whole milk
Low-fat milk Low-fat milk
Low-fat milk Beef as sandwich Beef as sandwich Beef as sandwich
[11]
[13]
[13]
[11]
[10]
[8]
[5]
[6]
[5]
Ice cream
Whole milk
Ice cream
Whole milk
Whole milk
Butter
Hamburger
Hamburger
Hamburger
[10]
[12]
[11]
[10]
[9]
[8]
[5]
[6]
[5]
Butter
Ice cream Coffee whitener Ice cream
Butter
Whole milk
Eggs
Chocolate
Low-fat milk
[9]
[10]
[7]
[10]
[9]
[7]
[3]
[5]
[4]
1

Percentage of absolute intake in brackets.

replacement, and postmenopausal with current hormone replacement), parental history of myocardial infarction before age 60 y,
multivitamin use, vitamin E supplement use, and alcohol consumption (0, 0–4, 5–14, and ≥ 15 g/d). Aspirin use (none,
1–6/wk, ≥ 7/wk, and dose unknown) was assessed in 1980, 1982,
1984, and 1988 and regular vigorous exercise was assessed in
1980.

RESULTS
Individual saturated fatty acid intakes, except for 12:0,
declined over time in this cohort (Table 1). At baseline, 16:0
accounted for <55% of total saturated fatty acid intakes and 18:0
accounted for <16%. The primary contributors to 16:0 and 18:0
intakes in our cohort included beef as a main dish, cheese, beef as
a sandwich or mixed dish, and hamburgers (Table 2). Other saturated fatty acids, including short- to medium-chain saturated fatty
acids (4:0–10:0), 12:0, and 14:0 were primarily from dairy products. Because of shared food sources, the correlations among specific saturated fatty acids were high (Table 3). From 1980 to
1994, the average intake of beef as a main dish decreased from
51.12 to 22.72 g/d (1.8 to 0.8 oz/d), the average intake of butter
decreased from 2.45 to 1.05 g/d (0.49 to 0.21 pats/d), and the
average intake of whole milk decreased from 63.44 to 17.08 g/d
(0.26 to 0.07 glasses/d).
Women with high saturated fat intakes were more likely to
smoke, less likely to exercise, and less likely to take multivitamin and vitamin E supplements (Table 4). Saturated fat intake
was positively correlated with intakes of other fatty acids, especially monounsaturated fat and dietary cholesterol, and inversely
correlated with intakes of alcohol and fiber.
RRs of CHD according to quintiles of individual saturated fatty
acid intakes are shown in Table 5. Because of very low intakes of
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12:0 and high correlations between 12:0 and 14:0, we combined
the data for 12:0 and 14:0 in the analysis. There was no significant
association between intakes of short- and medium-chain saturated
fatty acids (4:0–10:0) in age-adjusted or multivariate analyses.
After adjustment for age, there were trends toward a higher risk
with higher intakes of 12:0 plus 14:0, 16:0, and 18:0. However, the
associations were substantially attenuated after adjustment for
smoking and other nondietary covariates. Adjustment for other
dietary variables further attenuated these RRs.
RRs of CHD from analyses in which saturated fatty acids
were treated as continuous variables are shown in Table 6. In the
multivariate analyses with adjustment for both nondietary and
dietary variables, the RRs for a 1% increase in energy intake
were 0.97 (95% CI: 0.90, 1.05) for 4:0–10:0 and 1.12 (0.97,
1.31) for the sum of 12:0 and 14:0. When 14:0 was examined
separately, the RR was 1.11 (0.91, 1.34). The RRs for a 1% increase
in energy were 1.07 (0.98, 1.17) for 16:0 and 1.19 (1.02, 1.37)
for 18:0. The association for 18:0 became nonsignificant after
further adjustment for the sum of 12:0 and 16:0, but the point
estimate of the RR did not change. When all long-chain saturated

TABLE 3
Pearson correlation coefficients between individual saturated fatty acids
as reported (% of energy intake) on the 1984 food-frequency
questionnaire1

4:0–10:0
12:0
14:0
16:0
18:0
1

4:0–10:0

12:0

14:0

16:0

18:0

1.0
0.57
0.94
0.53
0.43

1.0
0.61
0.32
0.36

1.0
0.73
0.66

1.0
0.92

1.0

Correlations were similar for other years.
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TABLE 4
Relation of potential coronary heart disease risk factors (adjusted for age) to saturated fat (12:0–18:0) intakes in 19801
Quintiles of 12:0–18:0 intake
2
3
4
(11.4; 10.7–12.1) (12.8; 12.2–13.6) (14.5; 13.7–15.5)

1
(9.5; < 10.6)2
Current smokers (%)
History of hypertension (%)
Parental MI before age 60 y (%)
Current hormone use among
postmenopausal women (%)
Vigorous exercise ≥ 1/wk (%)
Multivitamin use (%)
Vitamin E supplement use (%)
Aspirin use ≥ 1/wk (%)
Age (y)
Alcohol (g/d)
BMI (kg/m2)
Monounsaturated fat (% of energy)
Polyunsaturated fat (% of energy)
trans Fat (% of energy)
Dietary cholesterol (mg/MJ)
Fiber (g/d)

5
(17.2; > 15.5)

P for trend

27
15
20

27
14
20

27
14
20

29
14
20

33
14
20

< 0.0001
0.0004
0.51

16
50
37
16
45
46.7 ± 7.33
8.7 ± 13.7
23.9 ± 4.2
11.4 ± 2.5
4.9 ± 1.6
1.9 ± 0.8
44.4 ± 19.4
17.1 ± 6.1

18
47
35
13
47
45.9 ± 7.2
7.4 ± 11.3
24.1 ± 4.2
14.3 ± 2.0
5.3 ± 1.6
2.2 ± 0.7
48.5 ± 17.7
14.5 ± 4.2

15
45
33
12
48
45.6 ± 7.2
6.5 ± 9.8
24.2 ± 4.4
16.0 ± 2.0
5.4 ± 1.6
2.3 ± 0.7
50.4 ± 17.2
13.5 ± 3.7

17
43
33
11
47
45.5 ± 7.0
5.8 ± 8.9
24.3 ± 4.4
17.7 ± 2.1
5.4 ± 1.5
2.4 ± 0.7
53.3 ± 17.4
12.3 ± 3.3

16
40
31
11
46
45.6 ± 7.0
4.8 ± 7.6
24.4 ± 4.5
20.4 ± 2.8
5.3 ± 1.5
2.5 ± 0.6
57.3 ± 19.4
10.5 ± 3.1

0.004
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

1

n = 80 990. MI, myocardial infarction.
Median intakes and ranges as percentages of energy.
3–
x ± SD.
2

TABLE 5
Relative risks (RR) and 95% CIs of coronary heart disease according to quintiles of intakes of individual saturated fatty acids

4:0–10:0
Median (% of energy)
Range (% of energy)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2
12:0 + 14:03
Median (% of energy)
Range (% of energy)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2
16:0
Median (% of energy)
Range (% of energy)
Age-adjusted RR1
Multivariate RR1
Adjusted for dietary variables2
18:0
Median values (% of energy)
Range (% of energy)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2
Sum of 12:0–18:0
Median intake (% of energy)
Ranges (% of energy)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2

1 (low)

2

Quintiles of intake
3

4

5 (high)

P for trend

0.87
< 1.05
1.0
1.0
1.0

1.18
1.05–1.29
0.84 (0.69, 1.03)
0.96 (0.79, 1.17)
0.95 (0.78, 1.17)

1.39
1.30–1.50
0.76 (0.62, 0.93)
0.88 (0.72, 1.09)
0.86 (0.70, 1.06)

1.62
1.51–1.77
0.71 (0.57, 0.870)
0.80 (0.65, 0.99)
0.77 (0.62, 0.95)

2.00
> 1.77
1.03 (0.85, 1.25)
1.07 (0.89, 1.30)
1.00 (0.82, 1.21)

—
0.99
0.78
0.60

0.98
< 1.13
1.0
1.0
1.0

1.24
1.13–1.34
0.97 (0.78, 1.20)
1.00 (0.81, 1.24)
0.97 (0.78, 1.21)

1.45
1.35–1.56
0.98 (0.79, 1.22)
0.96 (0.78, 1.20)
0.92 (0.73, 1.15)

1.69
1.57–1.87
1.28 (1.05, 1.57)
1.14 (0.93, 1.39)
1.06 (0.85, 1.33)

2.14
> 1.87
1.50 (1.23, 1.83)
1.15 (0.94, 1.40)
1.05 (0.83, 1.32)

0.0001
0.07
0.46

5.82
< 6.46
1.0
1.0
1.0

6.93
6.46–7.34
0.81 (0.65, 1.01)
0.78 (0.62, 0.97)
0.70 (0.55, 0.91)

7.75
7.35–8.19
1.05 (0.85, 1.30)
0.92 (0.75, 1.13)
0.83 (0.63, 1.10)

8.70
8.20–9.34
1.46 (1.20, 1.78)
1.10 (0.91, 1.35)
1.02 (0.74, 1.39)

10.31
9.33–20.45
1.71 (1.40, 2.08)
1.09 (0.89, 1.33)
1.03 (0.71, 1.50)

0.0001
0.04
0.45

2.61
< 2.93
1.0
1.0
1.0

3.17
2.93–3.39
1.12 (0.90, 1.39)
1.05 (0.84, 1.31)
0.99 (0.77, 1.28)

3.60
3.40–3.82
1.17 (0.94, 1.46)
1.02 (0.82, 1.27)
0.96 (0.72, 1.28)

4.09
3.82–4.42
1.76 (1.43, 2.16)
1.30 (1.06, 1.60)
1.23 (0.90, 1.68)

4.91
> 4.42
1.97 (1.61, 2.42)
1.24 (1.01, 1.53)
1.16 (0.81, 1.66)

0.0001
0.009
0.30

11.4
10.7–12.1
0.89 (0.72, 1.11)
0.87 (0.69, 1.08)
0.82 (0.64, 1.05)

12.8
12.2–13.6
1.07 (0.86, 1.32)
0.93 (0.75, 1.16)
0.87 (0.66, 1.14)

14.5
13.7–15.5
1.50 (1.23, 1.83)
1.14 (0.94, 1.40)
1.05 (0.78, 1.43)

17.2
> 15.5
1.79 (1.47, 2.18)
1.14 (0.93, 1.39)
1.04 (0.72, 1.48)

0.0001
0.03
0.47

9.5
< 10.6
1.0
1.0
1.0

1
Model included age (5-y category), time period (7 periods), BMI (5 categories), cigarette smoking (never, past, and current smoking of 1–14, 15–24,
and ≥ 25 cigarettes/d), menopausal status (premenopausal, postmenopausal without hormone replacement, postmenopausal with past hormone replacement,
and postmenopausal with current hormone replacement), parental history of myocardial infarction before age 60 y, vitamin E supplement use, alcohol consumption (4 categories), history of hypertension, aspirin use (none, 1–6/wk, ≥ 7/wk, and dose unknown), and vigorous exercise ≥ 1 time/wk (yes or no).
2
Adjusted for intakes of monounsaturated fat, polyunsaturated fat, trans fat, protein, dietary cholesterol, dietary fiber, and total energy.
3
These fatty acids were combined because of the very small amount of 12:0 in the diet and the similar food sources for the 2 fatty acids.
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TABLE 6
Relative risks (RR) and 95% CIs of coronary heart disease for intakes of
individual saturated fatty acids and the ratio of polyunsaturated to
saturated fats (P:S) modeled as continuous variables

4:0–10:0 (1% of energy)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2
12:0 + 14:0 (1% of energy)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2
16:0 (1% of energy)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2
18:0 (1% of energy)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2
Further adjusted for the sum of 12:0–16:0
12:0–18:0 (5% of energy)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2
P:S (each 0.2-unit increase)
Age-adjusted RR
Multivariate RR1
Adjusted for dietary variables2

RR (95% CI)

P

1.07 (0.93, 1.23)
1.07 (0.94, 1.23)
0.97 (0.90, 1.05)

0.34
0.30
0.45

1.41 (1.25, 1.59)
1.14 (1.01, 1.29)
1.12 (0.97, 1.31)

< 0.0001
0.03
0.13

1.12 (1.09, 1.16)
1.03 (0.99, 1.07)
1.07 (0.98, 1.17)

< 0.0001
0.14
0.16

1.30 (1.21, 1.39)
1.09 (1.02, 1.17)
1.19 (1.02, 1.37)
1.19 (0.98, 1.46)

< 0.0001
0.02
0.02
0.09

1.45 (1.31, 1.61)
1.10 (1.00, 1.23)
1.29 (1.00, 1.66)

< 0.0001
0.05
0.05

0.72 (0.66, 0.79)
0.89 (0.82, 0.97)
0.79 (0.70, 0.89)

< 0.0001
0.01
< 0.0001

1
Model included age (5-y category), time period (7 periods), BMI (5
categories), cigarette smoking (never, past, and current smoking of 1–14,
15–24, and ≥ 25 cigarettes/d), menopausal status (premenopausal, postmenopausal without hormone replacement, postmenopausal with past
hormone replacement, and postmenopausal with current hormone replacement), parental history of myocardial infarction before age 60 y, vitamin E
supplement use, alcohol consumption (4 categories), history of hypertension, aspirin use (none, 1–6/wk, ≥ 7/wk, and dose unknown), and vigorous
exercise ≥ 1 time/wk (yes or no).
2
Adjusted for intakes of monounsaturated fat, trans fat, protein, fiber,
cholesterol, and total energy.

fatty acids (12:0–18:0) were summed, the RR for a 5% increase
in energy intake was 1.29 (1.00, 1.66) (P = 0.05).
To distinguish the effects of 18:0 intakes from intakes of other
saturated fatty acids, despite the high correlations, we computed
residuals for 18:0 by regressing 18:0 intakes on intakes of 16:0,
the sum of 12:0 and 14:0, and short- to medium-chain saturates.
The variation in 18:0 intake, independent of other saturated fatty
acids, represented by this residual was 0.4% of energy for the
10th–90th percentiles. The RR for a 1% increase in energy intake
from the 18:0 residuals was 1.22 (0.98, 1.54).
We also examined the association between the ratio of
polyunsaturated fat (which itself was strongly inversely related
to risk) to saturated fat (ie, the sum of 12:0–18:0) and the risk
of CHD (Table 5). After adjustment for age, smoking, other
nondietary variables, and intakes of monounsaturated fat, trans
fat, protein, and total energy, a higher ratio was associated with
a significantly lower risk of CHD (RR: 0.79; 0.70, 0.89) for
each 0.2-unit increment in the ratio. When the ratio was treated
as a categorical variable (Figure 1), the multivariate RRs
across deciles of the ratio (the median values ranged from 0.23
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to 0.72 from the lowest to the highest deciles) were 1.0 (reference), 0.92, 0.90, 0.87, 0.94, 0.81, 0.68, 0.72, 0.58, and 0.58
(0.41, 0.83).
Using the multivariate model including the sum of 12:0–18:0
in Table 6 after adjustment for dietary variables, we estimated
the effects of isoenergetic replacement of saturated fats with carbohydrates or unsaturated fats on the risk of CHD. Replacement
of 5% of energy from the sum of 12:0–18:0 fatty acids with
energy from carbohydrate would reduce the risk by 22%
(0–40%); replacement of 5% of energy from monounsaturated
and polyunsaturated fatty acids with energy from carbohydrate
would reduce the risk by 42% (6–65%) and 50% (30–64%),
respectively.
Because beef and dairy products were the main sources of
saturated fatty acids, we examined the associations between
intakes of red meat (beef, pork, or lamb as a main dish; beef as
a sandwich or mixed dish; hamburger; hot dog; processed meat;
and bacon) and high-fat dairy products (whole milk, hard or
cream cheese, ice cream, and butter) and the risk of CHD (Table 7).
For the purpose of comparison, we also analyzed the associations between intakes of poultry and fish and low-fat dairy products (skim or low-fat milk, yogurt, and cottage cheese) and the
risk of CHD. After adjustment for age, consumption of red meat
and high-fat dairy products was associated with an increased
risk of CHD, whereas consumption of poultry and fish and lowfat dairy products was associated with a lower risk. These associations were substantially attenuated in multivariate analyses
and became nonsignificant, but the direction of the associations
remained unchanged. The ratio of red meat to poultry and fish
consumption was more strongly associated with the risk. Similarly, the ratio of high-fat to low-fat diary product consumption
was positively associated with the risk of CHD. Among the
dairy products, whole-milk consumption was associated with a
significantly increased risk of CHD. The multivariate RRs
across categories of intake of whole milk [almost never, < 244
g/wk (1 glass/wk), 488–1464 g/wk (2–6 glasses/wk), 244 g/d (1
glass/d), and ≥ 488 g/d (2 glasses/d)] were 1.0, 1.20, 1.17, 1.48,
and 1.67 (1.14, 1.90; P for trend < 0.0001). In contrast, a
greater consumption of skim milk was associated with a
nonsignificantly lower risk of CHD; corresponding RRs across
categories of intake were 1.0, 0.83, 0.77, 0.89, and 0.78 (0.63,
0.96; P for trend = 0.09).

DISCUSSION
To our knowledge, this is the first epidemiologic study that
examined the role of specific saturated fatty acids in relation
to the risk of CHD. We found that a higher dietary intake of
long-chain saturated fatty acids, including 12:0, 14:0, 16:0,
and 18:0, was associated with an increased risk of CHD,
whereas intake of short- to medium-chain saturated fatty acids
(4:0–10:0) was not. Higher consumption of red meat and highfat dairy products, the main sources of saturated fatty acids in
the diet, was also associated with greater risk. In contrast,
higher consumption of poultry and fish and low-fat dairy products was associated with a lower risk.
Because all individual long-chain saturated fatty acids (12:0,
14:0, 16:0, and 18:0) were associated with a small increase in
risk, collectively, these fatty acids were associated with a modest
increased risk, an effect that was distinct from that of the shortto medium-chain fatty acids. We did not find evidence that the
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FIGURE 1. Multivariate relative risks of coronary heart disease according to deciles of the ratio of polyunsaturated to saturated fat (12:0–18:0)
(P:S). Median values across the deciles were 0.23, 0.29, 0.34, 0.38, 0.42, 0.45, 0.49, 0.54, 0.60, and 0.72. Values were adjusted for age (5-y category),
time period (7 periods), body mass index (5 categories), cigarette smoking (never, past, and current smoking of 1–14, 15–24, and ≥ 25 cigarettes/d),
menopausal status (premenopausal, postmenopausal without hormone replacement, postmenopausal with past hormone replacement, and postmenopausal with current hormone replacement), parental history of myocardial infarction before age 60 y, vitamin E supplement use, alcohol consumption (4 categories), history of hypertension, aspirin use (none, 1–6/wk, ≥ 7/wk, and dose unknown), vigorous exercise ≥ 1 time/wk (yes or no), and
intakes of monounsaturated fat, trans fat, protein, cholesterol, fiber, and total energy.

relation between 18:0 and risk of CHD was weaker than the
associations of other saturated fats with CHD risk. However, our
ability to distinguish among the types of saturated fats was limited by their high intercorrelations because their predominant
sources were the same foods. This not only creates a high degree
of statistical collinearity, but also suggests that distinguishing
among specific types of saturated fat may not be of practical
importance in dietary advice. Nevertheless, because of collinearity, our study could not address the effect of the addition of substantial amounts of purified 18:0 to the diet.
Most metabolic studies have shown that medium-chain saturated fatty acids with 8–10 carbons do not raise plasma cholesterol concentrations (19), although a recent study suggested the
opposite (20). On the other hand, 12:0, 14:0, and 16:0 do
increase total, LDL-, and HDL-cholesterol concentrations (7).
Yu et al (19) reviewed 15 metabolic studies and found that 14:0
was more hypercholesterolemic than were the other fatty acids.
More recent studies, however, showed no increase in total or
LDL cholesterol when 14:0 was substituted for 16:0 (21), but did
show an increase in HDL cholesterol when 14:0 was substituted
for 16:0 or 18:1 (22).
Although 18:0 has little effect on total and LDL-cholesterol
concentrations compared with carbohydrate, it may lower
HDL cholesterol compared with monounsaturated or polyunsaturated fatty acids, and the HDL-lowering effect of 18:0 was
particularly strong among women (19). Aro et al (6) reported
recently that compared with a diet rich in dairy fat (rich in
14:0 and 16:0), 18:0 reduced LDL concentrations but also
reduced HDL concentrations. Thus, the ratios of LDL to HDL
and of apolipoprotein B to apolipoprotein A-I were not
affected significantly. In addition, 18:0 increased Lp(a) concentrations (6) and may activate factor VII (23) and impair fibrinolysis (24). Overall, evidence from recent metabolic stud-
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ies, similar to our data, does not appear to support making a
distinction between 18:0 and other saturated fatty acids when
giving dietary advice for reducing CHD risk. In addition to the
well-known effects on CHD risk of LDL cholesterol, the overall adverse effects of long-chain saturated fatty acids on CHD
risk observed in this study may be in part related to postprandial responses to these fatty acids. Weintraub et al (25) found
that postprandial triacylglycerol concentrations were highest
for a diet rich in saturated fat, lowest for a diet rich in n23
polyunsaturated fat, and intermediate for a diet rich in n26
polyunsaturated fat.
The observed relation between saturated fatty acid intake and
risk of CHD was much weaker than that predicted by international comparisons (2). A major problem with the international
comparisons was serious confounding by lifestyle variables
such as physical activity and obesity and other aspects of diet
such as fiber intake. Our results are consistent with the possibility that the proportional increase in plasma HDL-cholesterol
concentration produced by saturated fatty acids somewhat compensates for its adverse effect on LDL-cholesterol concentrations. Finally, we found a strong inverse association between the
ratio of polyunsaturated to saturated fat and the risk of CHD.
This result is consistent with findings from dietary intervention
trials in which substitution of polyunsaturated for saturated fat
without a reduction in the total fat content of the diet substantially reduced the risk of CHD (26, 27).
In conclusion, a distinction between 18:0 and other saturated
fats in dietary advice to reduce CHD risk does not appear to be
important, in part because of the high correlation between 18:0
and other saturated fats in typical diets. However, these data do
suggest that replacement of long-chain saturated fat with
polyunsaturated fat is likely to reduce substantially the risk of
CHD. Our results also support recommendations to substitute
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TABLE 7
Relative risks (RR) and 95% CIs of coronary heart disease according to quintiles of intakes of red meat, white meat, and high-fat and low-fat dairy
products1

Red meat
Median intake (servings/d)
Range of intake
Age-adjusted RR
Multivariate RR2
Poultry and fish
Median intake (servings/d)
Range of intake
Age-adjusted RR
Multivariate RR2
Ratio of red meat to poultry and fish
Age-adjusted RR
Multivariate RR2
High-fat dairy products
Median intake (servings/d)
Range of intake
Age-adjusted RR
Multivariate RR2
Low-fat dairy products
Median intake (servings/day)
Range of intake
Age adjusted RR
Multivariate RR2
Ratio of high-fat to low-fat dairy products
Age-adjusted RR
Multivariate RR2

1

2

Quintiles of intake
3

4

5

P for trend

RR for 1 serving/d

0.42
≤ 0.59
1.0
1.0

0.77
0.60–0.85
1.08
1.02

0.95
0.86–1.13
1.08
0.95

1.25
1.14–1.50
1.25
1.03

1.78
> 1.50
1.61
1.15

—
—
< 0.0001
0.35

—
—
1.43 (1.35, 1.65)
1.09 (0.91, 1.30)

0.21
≤ 0.21
1.0
1.0

0.28
0.22–0.32
0.83
0.92

0.43
0.33–0.49
0.65
0.88

0.57
0.50–0.68
0.62
0.80

0.88
> 0.68
0.62
0.85

—
—
< 0.0001
0.06

—
—
0.51 (0.38, 0.67)
0.76 (0.56, 1.02)

1.0
1.0

1.07
1.00

1.32
1.13

1.51
1.20

1.91
1.32

< 0.0001
0.001

—
—

0.28
≤ 0.50
1.0
1.0

0.62
0.51–0.85
0.85
0.97

1.00
0.86–1.22
0.87
0.93

1.50
1.22–2.04
0.98
1.02

2.93
> 2.04
1.22
1.08

—
—
0.001
0.33

—
—
1.12 (1.05, 1.20)
1.04 (0.96, 1.12)

0.05
≤ 0.13
1.0
1.0

0.28
0.14–0.43
0.70
0.84

0.65
0.44–0.89
0.53
0.77

1.13
0.90-1.43
0.54
0.77

2.28
> 1.43
0.56
0.82

—
—
< 0.0001
0.11

—
—
0.80 (0.73, 0.87)
0.93 (0.85, 1.02)

1.0
1.0

0.82
0.87

0.93
0.94

1.29
1.17

1.68
1.27

< 0.0001
0.0004

—
—

1
Red meat is the composite score of the following foods: beef, pork, or lamb as a main dish; beef as a sandwich or mixed dish; hamburger; hot dog;
processed meat; and bacon. High-fat dairy products include whole milk, hard or cream cheese, ice cream, and butter. Low-fat dairy products include skim
or low-fat milk, yogurt, and cottage cheese.
2
Adjusted for age (5-y category), time period (7 periods), body mass index (5 categories), cigarette smoking (never, past, and current smoking of
1–14, 15–24, and ≥ 25 cigarettes/d), menopausal status (premenopausal, postmenopausal without hormone replacement, postmenopausal with past
hormone replacement, and postmenopausal with current hormone replacement), parental history of myocardial infarction before age 60 y; vitamin E
supplement use, alcohol consumption (4 categories), history of hypertension, aspirin use (none, 1–6/wk, ≥ 7/wk, and dose unknown), vigorous exercise ≥ 1/wk (yes or no), and total energy intake. Red meat, white meat, and high-fat and low-fat dairy products were entered into the multivariate
models simultaneously.

poultry and fish and low-fat dairy products for red meat and
high-fat dairy products to reduce the risk of CHD.
We are indebted to the participants in the Nurses’ Health Study for their
continuing outstanding level of cooperation and to Al Wing, Mark Shneyder,
Gary Chase, Karen Corsano, Lisa Dunn, Barbara Egan, Lori Ward, and Jill
Arnold for their unfailing help.
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