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Background. We prospectively examined the rela-
tionship between dietary patterns, assessed using
cluster analysis and a food frequency questionnaire,
and the presence of carotid artery stenosis, a subclin-
ical marker of atherosclerotic disease.

Methods. Analyses were conducted among 1,423 Fra-
mingham Study women without cardiovascular dis-
ease (CVD) at baseline (1984–1988). Carotid athero-
sclerosis (stenosis >25%) was measured by ultrasound
12 years later.

Results. Baseline differences in risk factor profiles
were notable across five dietary subgroups. Compared
to the more desirable profiles of women with Heart
Healthy eating patterns, women who had Light Eat-
ing, High Fat, or Empty Calorie diets had higher rates
of dyslipidemia and smoking and lower levels of phys-
ical activity. At follow-up, the prevalence of carotid
atherosclerosis ranged from 6.8% in the Heart Health
group to 17.8% in the Empty Calorie group. Compared
with Heart Health women, all other groups displayed
higher age-adjusted odds for carotid stenosis. In mul-
tivariate analyses, those with Empty Calorie diets had
more than twofold increased odds of carotid athero-
sclerosis compared to Heart Health women (OR 2.28,
95% CI [1.12, 4.62]; P < 0.05).

Conclusion. The association among unique dietary
patterns, CVD risk factor profiles, and the presence
of subclinical atherosclecosis identifies candidates
and strategies for preventive behavioral interventions
to promote the primary prevention of heart
disease. © 2002 American Health Foundation and Elsevier Science (USA)
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INTRODUCTION

In a given year, about 2.5 million American women
will be hospitalized for cardiovascular illnesses and
over a lifetime half of the female population will die of
heart disease or stroke [1,2]. One in nine females ages
45–65 years and one in three over age 65 have some
form of the disease [2–4]. Despite the magnitude of this
problem and the ramifications on population health,
women have been underrepresented in research on
cardiovascular disease (CVD) risk and management,
particularly with respect to identifying ideal candi-
dates for primary prevention and the development of
interventions for CVD risk reduction [5,6].

Carotid artery stenosis, a subclinical marker of sys-
temic atherosclerosis [7–9], predicts the development
of coronary heart disease (CHD) and cerebrovascular
events [7,10–17]. Increased prevalence rates for CHD
and stroke are noted at levels of carotid artery stenosis
above 25% [18]. About 35% of older adult women in the
original Framingham cohort have carotid atherosclero-
sis measurements of this magnitude [19].

The assessment of carotid stenosis is possible using
high-resolution B-mode ultrasonography, a noninva-
sive technique that is increasingly recognized as a use-
ful indicator of subclinical cardiovascular diseases [19–
23]. The technique enables the identification of
potential candidates for primary prevention activities
and may facilitate the evaluation of interventions
aimed at delaying the development of atherosclerosis
[7,22]. In this report, we examined the associations
among dietary patterns, CVD risk factor profiles, and
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the presence of carotid atherosclerosis measured by
ultrasonography at 12 years of follow-up in Framing-
ham Offspring/Spouse women.
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METHODS

Study sample. The Framingham Study was initi-
ated in 1948 as a longitudinal population-based study
of cardiovascular disease. The original Framingham
cohort consisted of 5,209 men and women, representing
a two-thirds systematic sample of the residents of the
town of Framingham, Massachusetts [24,25]. In 1971,
some 5,124 Framingham Study offspring and their
spouses were recruited to participate in the Framing-
ham Offspring/Spouse (FOS) study [26].

Members of the FOS cohort are examined in the
Framingham Study clinic about every 4 years. They
participate in a standardized protocol involving a com-
plete physical examination, laboratory tests, noninva-
sive diagnostic testing such as assessment of carotid
artery stenosis, and updating of medical histories and
other pertinent information. The data collection proto-
cols and procedures were approved for human subjects
by the Office of the Institutional Review Board at Bos-
ton University School of Medicine, Boston Medical
Center. The baseline dietary and risk factor data re-
ported here were collected among FOS women at Exam
3, between 1984 and 1988. Some 2,005 women, ages 18
to 76 years, participated in this exam (83% of eligible
women). All 88 women with CVD at Exam 3 were
excluded from these analyses (4.4%).

Dietary assessment. Dietary patterns were charac-
terized using cluster analysis applied to food consump-
tion data derived from the validated Framingham food
frequency questionnaire (FFQ) [27]. In brief, the 145
food items on the FFQ were classified into 42 catego-
ries, based on similarities in nutrient content (such as
vitamin-A-rich vegetables, medium-fat meats). Next,
the 42 food categories were clustered using standard
statistical methods (Varclus in SAS) into 13 food
groupings according to similarities in frequency of con-
sumption (number of daily servings reported) within
the cohort. This procedure grouped foods according to
their usual frequency of consumption, not by consump-
tion at similar times of day, at the same meal, or in
similar serving sizes. This resulted in grouping of foods
that may or may not be consumed together, but rather
with a similar frequency pattern. For example, women
who reported a relatively higher frequency of consump-
tion of fruits also reported a higher frequency of con-
sumption of low-fat milk products. Finally, Ward’s
clustering method [28] was used to separate women
into nonoverlapping groups based upon similarities in
the frequency of their consumption of these food group-
ings.

Five clusters of women were identified through this
process, each with unique dietary patterns (Table 1
and Fig. 1). Details were published previously, includ-
ing differences in the mean servings of food groups and
mean nutrient intake profile of each group of women
[29]. Consistently, our findings support the choice of

one group of women, those with a Heart Healthy di-
etary pattern, as a reference group for epidemiological
analyses because their eating pattern is most compa-
rable with population-based dietary guidelines for
health promotion [29–31]. We demonstrated the inter-
nal validity of the dietary pattern analysis and its
ability to discriminate groups of individuals with sim-
ilar dietary patterns using independently assessed nu-
trient intakes and heart disease risk factors [30]. We
also verified the stability of the dietary patterns over
time, by evaluating intake levels of key nutrients at 8
years postbaseline, and demonstrated that differences
in nutrient profiles across the clusters are maintained
over time.

Assessment of carotid atherosclerosis. Among 1,751
women who provided complete dietary data and who
were free of CVD at baseline, the presence of carotid
atherosclerosis was assessed at 12 years of follow-up
(Exam 6, 1996–1999). Carotid ultrasound studies were
obtained on 1,423 participants (81.3%). Missing mea-
surements were exclusively due to logistic constraints
at the clinic (unavailability of either the ultrasound
device or the sonographer during the scheduled visit).
Ultrasound imaging studies were conducted with a
high-resolution linear array 5.0-MHz transducers and
a color Doppler ultrasound device (Toshiba SSH-140;
Toshiba Medical Systems, CA). Imaging was per-
formed with the subject’s head rotated 45° away from
the side being studied, according to a standard proto-
col. Two grayscale images were taken at the level of the
common carotid artery bulb and two additional images
were obtained in the proximal 2 cm of the internal
carotid artery. One image of the respective image pairs
was acquired with the probe held at 45° with the hor-
izontal. For the second image, the sonographer was
instructed to position the transducer to best identify
any focal lesions. All images were gated to the R-wave
of an electrocardiogram and both sides of the neck were
imaged. Images were directly transferred into a com-
puter workstation through a frame-grabber board.

Color Doppler imaging and pulsed Doppler wave-
forms were used to evaluate blood flow velocities in the
proximal internal carotid arteries. Angle-corrected
Doppler velocity waveforms were acquired in the prox-
imal internal carotid artery, at the site of highest ve-
locity as identified on a color Doppler image. Peak-
systolic velocities were measured from these tracings.
A certified reader reviewed the acquired digital images
and made a subjective estimate of the degree of inter-
nal carotid artery narrowing, graded as 0, 1–24, or
25–49% when Doppler-derived peak systolic velocities
in the internal carotid artery were less than 150 cm/s.
Internal carotid artery disease was characterized by
the maximum stenosis observed on the right or left side
and was categorized as 0 (no lesions), 1–24, or 25–49%
(focal lesions causing a stenosis of less then 50% diam-
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eter narrowing) and �50% (lesions causing 50% or
more diameter stenosis). Absence of blood flow corre-
sponded to a total occlusion.

Risk factor measurement. CVD risk factors are rou-
tinely measured at all exams. Methods for determining
risk factor status within the Framingham Study have
been summarized by Cupples and D’Agostino [32] and
are highlighted here. All lipid analyses were performed
at the Framingham Heart Study laboratory, which
participated in the Standardization Program of the
Centers for Disease Control and the National Heart,
Lung, and Blood Institute Lipid research clinics. Ve-
nous blood was drawn from all subjects after a 12- to
24-h fast. Total cholesterol and high-density lipopro-
tein cholesterol levels (HDL) were measured by auto-
mated enzymatic methods [33,34]. Diabetes was de-
fined as a history of use of insulin or an oral
hypoglycemic agent, or a fasting blood glucose level of
7.8 mmol/L (140 mg/dL) or greater. Body mass index
(BMI) was calculated from height and weight values
measured at the Framingham clinic. Blood pressure
was determined by duplicate measurements on the
subject’s left arm using a mercury sphygmomanometer
with the subject in a sitting position. Cigarette smok-
ing, use of estrogen replacement hormones, and meno-
pausal status were self-reported. Pack-years of ciga-
rette smoking was defined as the number of packs of
cigarettes smoked per day multiplied by the total num-
ber of years a person smoked. Physical activity was
assessed by questionnaire to determine estimates of
activity in a usual day based on a 24-h history [35]. A
physical activity index score ranges from 24 (total bed
rest) to 120. Since physical activity was not measured
at Exam 3, Exam 2 values are substituted in these
analyses, adhering to the analytic approach routinely
used in the Framingham Study. Family history of CVD
was ascertained from the Framingham Study sequence
of events file based on confirmed cases of stroke and
myocardial infarction that occurred among mothers
and fathers of Framingham Offspring. We had com-
plete data on 80% of mothers and 90% of fathers of FOS
women in the cohort of interest.

Analysis. Our major analytical objective was to de-
termine whether dietary behavior patterns were pre-
dictive of the presence of carotid atherosclerosis at 12
years of follow-up. The endpoint of interest was carotid
artery stenosis, defined by focal lesions of �25% in
either the right or the left internal carotid artery, in
accordance with our previously used threshold [19,36].
Age-adjusted mean levels of CVD risk factors were
computed for each cluster. For continuous variables,
we used the analysis of covariance procedure (GLM in
SAS) [37] to compute the least square means. For di-
chotomous variables, age-adjusted proportions were
computed using logistic regression models [38].

We examined the prospective relationship between
dietary patterns and the presence of carotid atheroscle-
rosis using the dietary pattern that most closely ap-
proximated current population dietary guidelines [31]
as the reference group (the Heart Healthy dietary pat-
tern [29]). Odds ratios were calculated using logistic
regression [38]. Multivariate models considered a
range of traditional CVD risk factors, including age,
BMI, cigarette smoking, systolic and diastolic blood
pressure, total cholesterol, LDL cholesterol, the ratio of
total to HDL cholesterol, plasma triglycerides, physical
activity level, menopausal status, and conditions in-
cluding obesity, diabetes, and hypertension. Common
CVD risk factors were introduced into multivariate
analytical models and were evaluated as predictors
and confounders in our model-building approach. We
did not use stepwise or backward elimination methods.
The final model reported here is limited to include
those variables that were identified as important pre-
dictors or potential confounders of the relationship of
interest.

RESULTS

Distinct dietary patterns exist among five clusters of
women in the FOS cohort. Framingham women display
Heart Healthy, Light Eating, Wine and Moderate Eat-
ing, High Fat, and Empty Calorie dietary patterns.
Table 1 summarizes the key features characteristic of

TABLE 1

Key Features of Dietary Patterns Identified among Framingham Women

Dietary patterns

Heart Healthy Higher in fruits, vegetables, low-fat dairy, and other lower-fat foods including whole grains, skinless
poultry, and fish; lowest in total and saturated fat content; higher in fiber and micronutrient
density (calcium and folate)

Light Eating Lower in sweets, animal and vegetable fats, and refined grains; lowest in caloric content
Wine and Moderate Eating Lower intake of desserts; higher intake of snack foods, eggs, and wine; highest in alcohol and

dietary cholesterol content with lowest calcium consumption
High Fat Higher in sweets, animal and vegetable fats, refined grains and margarine; fewer lower-fat foods;

highest in total and saturated fat content
Empty Calorie Higher in sweetened beverages, red meats, and desserts; lower in fruits and vegetables; high in

sugar, total fat, and saturated fat, lower in fiber and micronutrient density (including folate)
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each dietary pattern, noting the relative level of intake
(higher versus lower) of food selections and nutrient
intake. Figure 1 provides a graphic depiction of the
differences in “healthful” food consumption patterns of
women in each dietary cluster. Overall, the Heart
Healthy cluster is characterized by a dietary pattern
consisting of more servings of lower-fat, nutrient dense
food selections, fewer higher-fat, less nutritious foods,
lower total and saturated fat intake, and higher fiber
and micronutrient density, specifically calcium and fo-
late. At the other end of the spectrum, the High Fat
and the Empty Calorie dietary patterns are character-
ized by the intake of less healthful food choices, higher
total and saturated fat intake, and lower micronutrient
and fiber consumption. Women in the Light Eating and
Wine and Moderate Eating groups display more tem-
perate eating behaviors although with relatively fewer
healthier food selections. Notably lower energy intakes
were reported by women with Light Eating habits,
whereas higher alcohol and cholesterol intakes and
lower calcium intakes were noted among women in the
Wine and Moderate Eating cluster.

Baseline risk factor levels of women with a Heart
Healthy dietary pattern (reference group) are com-
pared to those in the other dietary groups in Table 2.
Compared with Heart Healthy women, those in the
Light Eating, High Fat, and Empty Calorie groups
were younger. They were also more likely to have dys-
lipidemia, to be current smokers with higher lifetime
cigarette exposure (pack-years), and to be less physi-
cally active. Moreover, women in the Wine and Moder-
ate Eating group had higher levels of systolic blood
pressure albeit higher HDL cholesterol levels com-
pared with Heart Healthy women. In addition, those in
the Empty Calorie group had higher levels of systolic
blood pressure and higher BMI. About 7% of Heart
Healthy women had carotid atherosclerosis at follow-

up, compared with approximately 10% of Wine and
Moderate Eating and High Fat women, 11% of Light
Eating women (P � 0.05), and 18% of Empty Calorie
women (P � 0.05).

The odds ratios for carotid atherosclerosis among
women in the four comparison dietary clusters are
presented in Table 3. In age-adjusted models, in-
creased odds for subclinical atherosclerosis were ob-
served in all groups compared to Heart Healthy
women; odds were 60% higher among Light Eating
women (OR 1.60, 95% CI [1.01, 2.53]) and nearly three-
fold higher among those in the Empty Calorie group
(OR 2.96, 95% CI [1.54, 5.68]). The addition of CVD
risk factors to the model attenuated these relation-
ships, although those with an Empty Calorie eating
pattern maintained more than a doubling of the odds
for subclinical disease (OR 2.28, 95% CI [1.12, 4.62])
compared to Heart Healthy women.

DISCUSSION

Cluster analysis demonstrated the presence of five
distinct dietary patterns in Framingham women that
are associated cross-sectionally with cardiovascular
disease risk factor profiles and with the presence of
subclinical carotid atherosclerosis at 12 years of follow-
up. The over twofold increase in the odds of carotid
stenosis among women who display an Empty Calorie
dietary pattern and, conversely, the protective benefit
of a Heart Healthy dietary profile with respect to sub-
clinical atherosclerotic disease are particularly note-
worthy. The differences in cardiovascular disease risk
factor profiles between women with differing dietary
patterns warrant attention.

Our data are consistent with emerging literature on
the relationship between dietary patterns and the de-
velopment of CVD. Huijbregts et al. [39] applied cluster

FIG. 1. Healthfula vs less healthfulb daily food selectionsc. a Vegetables; fruits and low-fat milk; other low-fat foods; legumes, soups, and
misc; meats and mixed dishes. b Refined grains, margarine, and oils; diet beverages and firm vegetable fats; sweets and animal fats; desserts;
sweetened beverages; wine and cholesterol-rich foods; high-fat dairy and snack foods; fattier poultry and beer. c Proportion of daily food
selections, based on standard serving sizes.
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analysis to a dietary history methodology and charac-
terized four dietary patterns. In their cross-sectional
analyses, a healthy diet was associated with more fa-
vorable levels of cardiovascular risk factors. Similarly,
a longitudinal analysis carried out by Farchi et al. [40]
demonstrated differences in overall mortality rates be-
tween clusters of men aggregated on the basis of di-
etary patterns. While these observations are impor-
tant, we note that neither of these studies was
conducted in women, nor did they consider the rela-
tionships among dietary behaviors, other modifiable
risk factors, and specific cardiovascular disease out-
comes. More recently, however, Stampfer et al. [41]

reported that prudent eating behavior, when consid-
ered in conjunction with nonsmoking behavior and
physical activity, reduces risk for coronary heart dis-
ease in women.

To determine whether the manifestation of CVD was
driving the relationship we observed between dietary
patterns and carotid atherosclerosis, we carried out
additional analyses excluding all 54 women (3.8% of
the sample) who developed CVD during the 12 years of
follow-up. Those analyses were consistent with the
findings reported here and confirm the increased age-
adjusted odds for stenosis among women with Light
Eating dietary patterns, the over twofold increased

TABLE 2

Age-Adjusted CVD Risk Factor Profiles among Clusters of Women (n � 1,423): LS mean (95% CI)

Baseline risk factor
levels

Heart Healthy
(n � 285)

Light Eating
(n � 681)

Wine and Moderate Eating
(n � 51)

High Fat
(n � 289)

Empty Calorie
(n � 117)

Age (years) 49.7 (48.6, 50.9) 47.4 (48.2, 46.7)* 47.9 (45.2, 50.6) 46.7 (45.6, 47.9)* 44.4 (42.7, 46.2)*
Total cholesterol

(mg/dL) 204.4 (199.9, 208.8) 210.5 (207.6, 213.4)* 202.7 (192.2, 213.3) 211.7 (207.3, 216.2)* 212.2 (205.0, 219.4)
HDL cholesterol

(mg/dL) 57.8 (56.1, 59.5) 58.6 (57.5, 59.7) 62.3 (58.2, 66.3)* 54.6 (52.9, 56.3)* 53.9 (51.2, 56.6)*
Ratio of total to HDL

cholesterol 3.75 (3.58, 3.91) 3.85 (3.75, 3.96) 3.41 (3.03, 3.79) 4.09 (3.92, 4.25)* 4.26 (4.00, 4.51)*
LDL cholesterol

(mg/dL) 126.3 (122.1, 130.6) 130.0 (127.2, 132.7) 118.5 (108.7, 128.3) 134.8 (130.6, 139.1)* 135.3 (128.4, 142.2)*
BMIa (kg/m2) 25.0 (24.4, 25.5) 25.3 (24.9, 25.7) 25.7 (24.4, 27.1) 24.4 (23.9, 25.0) 26.2 (25.3, 27.1)*
SBPb (mm Hg) 119.7 (118.0, 121.5) 120.0 (118.9, 121.1) 126.2 (122.1, 130.2)* 118.6 (116.9, 120.3) 123.1 (120.4, 125.8)*
Current smoker (%) 16.2 (14.5, 17.9) 24.8 (23.9, 25.7)* 29.5 (22.6, 36.4) 36.6 (34.7, 38.5)* 42.9 (38.9, 46.9)*
Pack years of

smokingc 6.8 (4.8, 8.8) 9.6 (8.4, 10.9)* 9.3 (4.7, 13.8) 11.6 (9.7, 13.5)* 12.8 (9.8, 15.8)*
Physical activity

indexd 34.6 (34.0, 35.2) 33.7 (33.3, 34.0)* 33.2 (31.8, 34.6) 33.4 (32.8, 34.0)* 33.4 (32.5, 34.3)*
Postmenopausal (%) 44.5 (41.9, 47.1) 42.6 (41.3, 44.0) 33.3 (25.2, 41.4) 47.5 (45.0, 50.0) 51.6 (46.6, 56.6)
Estrogen use (%) 6.1 (4.7, 7.4) 3.8 (3.2, 4.5) 7.6 (2.4, 12.8) 4.1 (2.9, 5.3) 4.5 (2.0, 7.0)
Diabetese (%) 1.8 (0.7, 2.8) 2.5 (1.9, 3.0) 3.7 (0, 8.1) 1.3 (0.4, 2.3) 0.9 (0, 2.6)
Family history: father

with an MIf before
age 55 (%) 2.3 (1.1, 3.6) 3.1 (2.4, 3.9) 2.1 (0, 6.7) 4.4 (2.9, 5.9) 4.6 (1.8, 7.4)

Family history: father
with a CVAg before
age 65 (%) 5.7 (4.1, 7.4) 5.1 (4.2, 6.0) 14.6 (7.4, 21.8) 4.9 (3.4, 6.5) 7.2 (4.0, 10.5)

Family history:
mother with a CVAg

before age 65 (%) 4.3 (2.8, 5.7) 3.4 (2.6, 4.2) 7.2 (1.1, 13.3) 3.2 (1.7, 4.6) 3.7 (1.1, 6.3)
Follow-up prevalence

Carotid
atherosclerosish (%) 6.8 (4.8, 8.8) 10.5 (9.3, 11.7)* 9.9 (1.5, 18.3) 9.8 (7.3, 12.3) 17.8 (13.2, 22.4)*

Note. The significantly higher rate of paternal history of CVA in the Wine and Moderate Eating cluster noted here may be an artifact of
the small number of women in this cluster, with 6 cases of a positive family history arising among only 41 women; statistical significance may
be due to chance.

a BMI, body mass index.
b SBP, systolic blood pressure.
c Pack-years smoking defined as number of cigarettes smoked per day multiplied by total years of smoking.
d Physical Activity Index was measured at Exam 2.
e Diabetes defined as a history of use of insulin or an oral hypoglycemic agent, or a fasting blood glucose level of 7.8 mmol/L (140 mg/dL)

or greater.
f Myocardial infarction, defined as MI recognized with diagnostic electrocardiogram (ECG); or MI recognized without diagnostic ECG but

with transaminase and history; we could not estimate maternal history for this variable due to the small numbers of MI events among women
in the cohort.

g Cerebrovascular accident (stroke), defined as CVA including atherothrombotic infarction, transient ischemic attack, cerebral embolism,
intracerebral hemorrhage, subarachnoid hemorrhage, other CVA, or questionable CVA.

h Defined as stenosis of the left or right carotid artery of �25%.
* Means are significantly different from the mean in the Heart Healthy cluster (P � 0.05).
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odds associated with the Empty Calorie diet, and the
protective aspects of the Heart Healthy eating pattern.

We note that the attenuation of the association be-
tween the Light Eating dietary pattern and carotid
atherosclerosis when CVD risk factors were added to
the multivariate model suggests that the influence of
this dietary profile may be modulated through biolog-
ical factors, in particular plasma lipid levels. Also, be-
cause the number of women who displayed the Wine
and Moderate Eating pattern was relatively small (n �
51), a more precise estimate of relationships between
this dietary pattern and health outcomes would re-
quire a larger subgroup with similar eating practices.

It appears important to further investigate the fairly
dramatic baseline CVD risk factor profile but only mod-
est increased odds for carotid stenosis among women
with the High Fat dietary pattern. This observation is
somewhat inconsistent with what might be antici-
pated. We note, however, that the High Fat dietary
subgroup is in fact different from the Empty Calorie
cluster in terms of food consumption behavior and nu-
trient intake profiles. The Empty Calorie group dis-
plays the most extreme profile; it is not only high in fat
content but also highest in sugar and lowest in micro-
nutrient density. The comprehensive nature of nutri-
tional risk in this subgroup appears particularly im-
portant and has been confirmed by our previous
analyses demonstrating a higher level of overall di-
etary risk in this subgroup of women [30,42]. Smoking
and BMI profiles are also more extreme in Empty
Calorie cluster compared with the High Fat subgroup,
further supporting their likelihood for increased CVD
risk.

Interest in carotid artery stenosis as a clinical
marker of atherosclerotic disease has been peaked for
two reasons: the simplicity of its measurement and its
potential role in guiding the development and evalua-
tion of primary preventive interventions. This tech-
nique is noninvasive, inexpensive, and safe and can be
performed repeatedly, thus allowing investigators to
demonstrate the increased risk for the development of
coronary heart disease [7,10] and ischemic events [11–
15] associated with carotid stenosis. Results of a Finn-
ish study indicated that the presence of �20% carotid

stenosis increased the relative risk of incident myocar-
dial infarction by almost sevenfold among men [7].

Our findings have important implications for design-
ing preventive nutrition interventions. They character-
ize the dietary behaviors of distinct subgroups of
women in the population that can be targeted in health
promotion campaigns and behavioral interventions.
These data indicate that individuals in a population
have markedly different behavioral profiles and need
different messages that are tailored to focus on specific
aspects of eating behavior to promote successful mod-
ification of risk. This feature is clear, even among
Heart Healthy women who would benefit from contin-
ued improvements in their dietary behavior to further
lower their total fat intake and from ongoing reinforce-
ment to sustain the positive behaviors they have al-
ready adopted. Nutrition promotion messages for this
subgroup of women are equally as important, yet dra-
matically different, from messages that would be rele-
vant to women in other dietary clusters. Dietary pat-
terns may also be useful to screen for women with
particularly problematic eating practices, such as
those with the Empty Calorie and Light Eating pro-
files, who may be more prone to subclinical cardiovas-
cular diseases because of their dietary choices and
other aspects of their lifestyle profile (including smok-
ing behavior).

Several successful interventions that have focused
on dietary patterns for CVD risk reduction have re-
cently emerged in the clinical literature. In the Dietary
Approaches to Stop Hypertension trial, investigators
witnessed the importance of the combined effects of
foods and their constituent nutrients on lowering blood
pressure levels among both normotensive and hyper-
tensive men and women [43,44]. Similarly, Gambera et
al. [45] demonstrated the effectiveness of a food-based
behavioral intervention to reduce BMI, total choles-
terol levels, and low-density lipoprotein levels in adult
men and women. As well, patients with a history of
coronary events experienced improved body weight
and serum lipid levels and a reduction in the percent-
age diameter of coronary artery stenosis after partici-
pating in the Lifestyle Heart Program [46–48].

It is a potential limitation that our observations were

TABLE 3

Odds Ratio for Carotid Atherosclerosisa with Heart Healthy as the Referent Group (N � 1,423) OR (95% CI)

Heart Healthy
(n � 285)

Light Eating
(n � 681)

Wine and Moderate Eating
(n � 51)

High Fat
(n � 289)

Empty Calorie
(n � 117)

Age-adjusted 1.0 1.60 (1.01, 2.53)* 1.49 (0.57, 3.89) 1.49 (0.87, 2.56) 2.96 (1.54, 5.68)**
Multivariate-adjustedb 1.0 1.39 (0.86, 2.32) 1.34 (0.45, 3.48) 1.01 (0.55, 1.87) 2.28 (1.12, 4.62)*

a Stenosis of the left or right carotid artery, �25%.
b Adjusted for age, systolic blood pressure, body mass index, the ratio of total to HDL cholesterol, and pack-years smoking.

* P � 0.05.
** P � 0.01.
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established in a cohort of women, the majority of whom
are white residents of a western Boston suburban com-
munity. It should be noted, however, that the models
for cardiovascular disease risk that have been formu-
lated in the Framingham study have been repeated
and confirmed in domestic and international popula-
tions [49–52]. Our data encourage further research on
the relationships among dietary patterns, subclinical
cardiovascular diseases, and other health outcomes.

It is a further potential limitation that our findings
related to dietary patterns do not distinguish the rel-
ative influence of specific dietary components (such as
individual fatty acids) on stenosis at follow-up. None-
theless, the recent literature [30,39–43] discusses the
confounding inherent in single-nutrient approaches
and advocates for the improved understanding of the
relationships between dietary patterns and health out-
comes. Such information is believed to be critical for
the future development of sound public health nutri-
tion policies and behavioral interventions for risk re-
duction and health promotion.

This research points to the importance of under-
standing the distinctive dietary behaviors and CVD
risk factor profiles of adult women. Further, it high-
lights the potential usefulness of these dietary profiles
in preventive medicine practice, particularly for
screening and the development of intervention strate-
gies which target dietary patterns for the primary pre-
vention of cardiovascular diseases. We demonstrated
the distinct CVD risk factor profiles of five nonoverlap-
ping subgroups of Framingham women and the partic-
ularly problematic baseline risk profiles associated
with Light Eating, High Fat, and Empty Calorie diets.
The longitudinal findings underscore the cardioprotec-
tive nature of a Heart Healthy dietary pattern and the
detrimental impact, particularly of the Light Eating
and Empty Calorie diets on the presence of subclinical
atherosclerotic disease. The identification of women
who are candidates for primary prevention and the
development of behavioral interventions tailored to
their unique dietary patterns, lifestyle behaviors, and
CVD risk profiles offer considerable opportunity in pre-
ventive medicine.
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