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ool for Assessing Dietary Risk of Cardiovascular
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BSTRACT
bjective Nutrition components of health risk appraisals
HRAs) aim to rapidly and accurately assess dietary be-
aviors that increase disease risk. Because cognitive re-
earch suggests that recalling food likes/dislikes may
e simpler and more accurate than recalling intake, we
ested whether a preference measure was predictive of
ardiovascular disease risk factors within an HRA.
ethods HRA participants (422 primarily non-Hispanic
hite men, mean age 46�10 years) from a manufacturing

ompany completed surveys to assess fat and sweet food/
everage preference; frequency of consuming fat and
weet foods/beverages, alcoholic beverages, fiber-rich foods
whole grains, fruits, and vegetables); and physical activity.
er measured risk factors, 34% had central obesity (waist
ircumference �102 cm), 32% had hypertension (�140
nd/or �90 mm Hg), 52% had prehypertension (�120 to 139
nd/or �80 to 89 mm Hg), and 52% had an elevated total
holesterol level (�200 mg/dL [5.2 mmol/L]).
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tatistical analyses Multiple linear regression models ex-
laining variability in waist circumference, blood pres-
ure, and serum lipids were tested.
esults Although preference and intake pairs for fat and
weets were significantly correlated, intake of fat and
weets failed to associate significantly with any risk fac-
or. Significant variance in waist circumference was ex-
lained by age, fat preference, fiber intake, and physical
ctivity. Those with greater circumferences liked fat
ore, consumed less fiber, and exercised less. Waist cir-

umference in turn contributed significantly to models
redicting serum lipid levels and blood pressure. Alcohol
ntake explained variability in serum lipid levels—higher
ntakes were associated with higher high-density lipopro-
ein cholesterol levels. The models predicting risk were
enerally more explanatory in younger (�50 years) than
n older men.
onclusions Including a preference measure within an
RA appears to enhance cardiovascular disease risk fac-

or assessment. Fat preference, intake of fiber-rich foods,
nd alcohol proved the best dietary determinants of car-
iovascular disease risk factors.
Am Diet Assoc. 2007;107:237-245.

hrough Healthy People 2010, the Centers for Disease
Control and Prevention advocates increasing the
numbers of, and participation in, worksite health

romotion programs (1). Health risk appraisals (HRAs), a
omponent of most worksite health promotion programs,
nvolve assessing biometric and behavioral parameters
or predicting risk of mortality from chronic diseases like
ardiovascular disease (CVD) (2). They typically include
uestionnaires, risk calculations, and an educational re-
ort (3) that focuses on changing modifiable risks (2). As
art of a comprehensive health promotion process, mea-
uring risk factors may motivate workers to change be-
aviors (4) and provide organizations a way to target and
onitor effectiveness of interventions to reduce health

are costs or increase productivity (5). The utility of HRAs
inges on how well they measure mortality risk factors
ie, face validity) and predict mortality risk (ie, predictive
alidity) (2), which in part depends on how well partici-
ants can communicate their health behaviors.
The dietary component of HRAs typically includes a

hort frequency questionnaire to assess intake of satu-
ated fat, fruits, vegetables, whole grains (6), and alcohol

7,8). Participants are asked to recall usual intake of
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isted foods during a specified time frame, a task requir-
ng access to factual memories of past experiences. In
omparison, preference assessments tap affective memo-
ies (9,10), which can be accessed even when factual
emories cannot (10). This suggests the possibility

hat methods focusing more on affective and less on fac-
ual memory may increase the accuracy of dietary assess-
ent. Preference questionnaires have provided reason-

ble estimates of dietary intake of fat, fiber, vitamin C,
ruits, and vegetables in college-aged women (11) and
hildren who varied in age and ancestry (11-15). Prefer-
nce for fat has been shown to associate with level of
diposity in primarily normal weight adults as assessed
hrough sampling of high-fat foods (16) and reported by
imple questionnaire (17). Level of dietary restraint (18)
nd/or disinhibition (19) can challenge the accuracy of
eporting intake of and possibly preference for high-fat
nd sweet foods, especially for adults who are trying to
odify their weight or health behaviors (19).
The objective of our study was to assess the ability of a
easure of preference for fat and sweet foods to explain

ariability in adiposity, as an intermediary step in ex-
laining variability in serum lipids and blood pressure
ithin a sample of men who participated in worksite
RAs. The study aim required that ratings of preference
e obtained with scales that provide valid comparisons
cross individuals/groups. Because conventional labeled
cales (eg, 9-point scale) do not allow valid comparisons
cross individuals/groups (20-22), the men reported the
egree of liking/disliking for foods on the hedonic version
f the general Labeled Magnitude Scale, a preference
cale devised to minimize the errors of conventional
cales (23).

ETHODS
articipants
he objective was tested in a cross-sectional study with a
onvenience sample of 422 males (mean age 46�10 years)
rom a large manufacturing company who participated in
orksite HRAs. The men were primarily salaried and of
uropean ancestry. The demographics of this sample are
imilar to those of the larger workforce (24). Data from
omen were not included in the present analyses as
any fewer participated in the HRAs, reflecting the de-
ographics of a manufacturing company; women show

ifferent modifiable risk factors related to CVD, for ex-
mple (25), and may have different patterns of relation-
hip between preference and weight (17,19). The study
as conducted in accordance with the University of Con-
ecticut Institutional Review Board; participants pro-
ided informed written consent.

reference Measure
he preference measure was part of a two-sided docu-
ent. The first side provided orientation to the general
abeled Magnitude Scale by having subjects report the

ntensities of six remembered nonoral sensations (eg,
rightest light you have seen, loudness of a conversation).
hey were instructed to determine which adjective de-
cribed what they experienced or remembered and that

op of the scale, “strongest imaginable sensation,” re- e

38 February 2007 Volume 107 Number 2
erred to any kind of experience even those that may be
ainful. The second side asked participants to use the
eneral Labeled Magnitude Scale to rate how much they
iked or disliked 19 items including fats (eg, mayonnaise),
ats with sweet (eg, milk chocolate) or salty (eg, sausage)
astes, and bitter beverages and foods (eg, coffee, grape-
ruit, cooked broccoli). The ends of the scale (strongest
maginable like or strongest imaginable dislike) were in-
ended to refer to all hedonic experiences not just within
he context of food.

The 12 fat foods (cheddar cheese, mayonnaise, beef
teak or prime rib, gravy, butter, milk chocolate, sausage,
weets, fried chicken, sour cream, whole milk, and
hipped cream) formed a conceptual grouping that was

tatistically reliable (��.80). Similarly, a sweet group
as formed from four foods (sugar, whipped cream,

weets, and milk chocolate; ��.74). Other foods were
ncluded on the survey to avoid focusing solely on fat and
weet foods. Mean preference ratings across the fat and
weet groups were used in the analyses.

creeners for Dietary Intake and Exercise
articipants completed the Insight questionnaire

J&J Health Care Systems, Piscataway, NJ), an HRA
hat includes self-reported lifestyle factors (eg, smoking,
iet, alcohol use, and physical activity) and medical in-
ormation (26). The men reported how often they con-
umed high-saturated-fat and fiber-rich foods or bever-
ges using a categorical frequency scale (Table 1). The six
igh-saturated-fat foods or food types formed a statisti-
ally reliable group (��.66), referred to as fat intake.
ood items that were whole grains, fruits, and vegetables
lso formed a reliable group (��.70), referred to as fiber
ntake. The distribution of categorical responses to each
ood/food type is shown in Table 1. For regression analy-
es, each categorical response was expressed as intake
er week and summed across the fat and fiber intake
roups. Reasonable validity for screening fat and fiber
ntake with these groups is expected according to data
rom similar instruments (27) and significant correlations
etween food items and nutrient intakes from nonconsec-
tive food records (unpublished data, November 2005).
In a separate section of the Insight questionnaire, partic-

pants also reported number of alcoholic beverages con-
umed during a typical week (one beverage�5 oz glass of
ine, 12 oz beer, or 1.5 oz hard liquor) with the request to
rovide a two-digit response (eg, “enter ‘7’ as 07”). Under the
eading physical activity, the men were asked how many
ays of the week they engaged in at least 30 minutes of
hysical activity, including exercise, yard work, housework,
nd stair climbing according to the following categories: 6 to
days/week, 4 to 5 days/week, 2 to 3 days/week, 1 day or

ess per week, or never. They were instructed that they
ould sum up the activity periods and that the 30 minutes
id not have to occur at one time. For the analyses, the
esponses were reverse coded (ie, higher number, more
hysical activity) and labeled as exercise frequency.

hronic Disease Risk Factors
ccording to established protocols (24), trained health
rofessionals measured weight, height, waist circumfer-

nce, blood pressure, and serum lipid levels for all par-
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icipants. After the men removed shoes and excess mate-
ials (eg, layered clothing and contents of pockets), weight
nd height were measured to the nearest 0.10 kg or
uarter inch (0.64 cm), respectively, using a Waist High
alance Beam Scale (Sunbeam/Health-o-Meter, Bridge-
iew, IL), for calculation of body mass index (BMI) (cal-
ulated as kg/m2). Waist circumference was taken at the
eight of the iliac crest with a Gulick tape measure (Sam-
ons Preston, Chicago, IL) to the nearest quarter inch

0.64 cm).
Blood pressure was measured after 5 minutes of seated

est in both arms using a regularly calibrated Bauma-
ometer Komompak model aneroid sphygmomanometer
W.A. Baum Co, Inc, NY, NY) and Signature stethoscope
Mabis Healthcare Inc, Lake Forest IL). If within 5 mm
g, the two measures were averaged and recorded. If

reater than 5 mm Hg difference, the arm with the higher
lood pressure was repeated until two measures were
ithin 5 mm Hg, and the average recorded. Capillary
lood was drawn for lipid-lipoprotein analysis using Cho-
estech LDX (Cholestech Corp, Hayward, CA) for total
nd high-density lipoprotein (HDL) cholesterol. The HDL
atio was calculated (total cholesterol/HDL) as was low-
ensity lipoprotein, from the Freidwald equation (28).
lthough participants were encouraged but not required

o fast for �8 hours before the capillary blood draws, most
ndicated that they were not fasting.

tatistical Analysis
sing bivariate and multiple linear regression analyses,
ietary behaviors (ie, preference, intake), exercise, and
ge were treated as continuous variables to predict adi-
osity (ie, BMI, waist circumference), which in turn was
sed to predict blood pressure and serum lipid levels.
ecause previous research has shown stronger associa-

ions between adiposity and serum lipid levels in younger
en (29), multiple regression models are shown in men

Table 1. Distribution of reported frequency of consuming food group
adult men (n�422) aged 46�10 years participating in a worksite h

Food group
Never-1
times/wk

Fried foods 37.3
Red meat (steak, hamburger, pork, or lamb) 14.0
Processed meat (hot dogs, bologna, salami,

pepperoni, sausage, or bacon) 42.2
Cream- or oil-based salad dressings, cream

sauces, or mayonnaiseb 34.3
Whole milk dairy products (whole milk, yogurt,

cream ice cream, cheese, or butter)b 24.0
Cookies, pastries, cakes, or chocolate candyb 23.5
Whole grain cereals, breads, and pasta 5.3
Fresh, frozen, or canned fruits or fruit juices 11.9
Fresh, frozen, or canned vegetables or

vegetable juices 5.5

aShown as percent of men across each food group.
bParticipants were instructed not to include low- or no-fat varieties of the foods.
ounger than 50 years (n�252, mean age 40�7 years) t
nd �50 years (n�170, mean age 56�6 years). Data were
nalyzed with Statistica (Macintosh version 4.1, StatSoft,
ulsa, OK), with a significance criterion of P�0.05. Uni-
ariate and multivariate outliers were removed using
tandardized residuals (�2.5) and Mahalanobis distance
riteria (P�0.001) (30). Regression coefficients (r) or
emipartial correlations (sr) of significant contributors
re presented as appropriate. The nonparametric corre-
ation (Spearman rank-order) tested the association be-
ween intake of sweets (a categorical variable) and pref-
rence for sweet foods.
In addition, preference and intake responses were di-

hotomized for examining differences in adiposity accord-
ng to BMI classification (31) among groups where fat
ehaviors were concordant (ie, liking and consuming fat)
s discordant (ie, liking high-fat foods but reporting low
onsumption of fat foods). Preference across the 12 fat
oods was dichotomized near the median value (between
oderate and strong like) and intake of fat across the six

oods near the median, falling between consuming these
oods 1 to 4 times/week and 5 to 7 times/week. The �2

tatistic tested for differences in distribution of normal
nd overweight/obese men between concordant and dis-
ordant groups.

ESULTS
ccording to the National Institutes of Health (31) and
enters for Disease Control and Prevention (32) guidelines

he sample showed increased risk factors associated with
VD, including elevated adiposity, abnormal lipid profile,
levated blood pressure, and low levels of physical activity
Table 2). Participants were predominately overweight to
bese (BMI �25), had elevated total cholesterol levels, and
ad either prehypertension or hypertension. Based on BMI
nd waist circumference classifications (31), 59 men were at
igh risk, 101 at very high risk, and eight at extremely high
isk for developing chronic disease. Related to physical ac-

ross frequency categories on a brief frequency questionnaire among
risk appraisal

1-4
times/wk

5-7
times/wk 2 times/d

>3
times/d

57.3 5.0 0.5
68.4 16.5 0.9 0.2

49.7 8.1

52.7 12.1 0.9

43.3 25.2 7.0 0.5
47.6 26.7 2.1 0.2
37.2 39.0 15.8 2.8
30.1 38.3 13.7 6.2

28.4 47.0 14.9 4.1
sa ac
ealth
ivity, nearly one in two men did not meet Centers for
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2

isease Control and Prevention current recommendations
or physical activity of 30 minutes on 5 or more days a week
33). For alcoholic beverages, 114 said they never drank, 112
ere “light drinkers” (a couple of drinks per year but less

han three per week), 171 “moderate drinkers” (three to
14 drinks per week), and 25 “heavy drinkers” (two or more
rinks per day).
Mean preference ratings for the fat and sweet groups

anged from strongly dislike to very strongly like with the
ajority of men (64% and 61%, respectively) falling be-

ween moderately like and very strongly like. Table 1
hows the distribution of frequency of consuming the
ndividual food groups. Most of the men reported consum-
ng fat foods one to four times per week, with a total
ntake averaging between two to three servings per day.
ased on this average total intake and usual portion sizes

34), we estimated that daily intake of saturated fat ex-

Table 2. Prevalence of cardiovascular disease risk factors among
men aged 46�10 years participating in a worksite health risk
appraisal (n�422)

Risk factor %

Body mass index
18.5-24.9 22
25-29.9a 47
�30.0a 31
Waist circumference
�102 cm 66
�102 cma 34
Total cholesterolbc

�200 mg/dL 48
200-239 mg/dL 33
�240 mg/dLa 19
High-density lipoprotein cholesterolbc

�40 mg/dLa 36
40-60 mg/dL 52
�60 mg/dL 12
Low-density lipoprotein cholesterolbc

�100 mg/dL 48
130-159 mg/dL 32
�160 mg/dLa 20
Blood pressure
�120/80 mm Hg 14
120-139/80-89 mm Hgd 56
�140/90 mm Hga 30
Exercise frequency (30 min/d)e

6-7 d/wk 28
4-5 d/wk 29
2-3 d/wk 30
1 day or less/wk 10
Never 3

aElevated risk for chronic disease (31,32).
bSerum lipid levels from capillary blood samples; the majority of men were not fasting
(�8 hours after a meal).
cTo convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.026. To convert mmol/L
cholesterol to mg/dL, multiply mmol/L by 38.6. Cholesterol of 200 mg/dL�5.2 mmol/L.
dPrehypertension.
eThe Centers for Disease Control and Prevention recommend 30 min on 5 or more days
a week (33).
eeded the current recommendations (10% of energy r

40 February 2007 Volume 107 Number 2
35]). Only 3% of participants reported intakes that met
urrent recommendations for whole grains (three serv-
ngs per day), 6% for fruit (two servings per day), and 4%
or vegetables (three servings per day) (1). There was a
ositive relationship between fat preference and fat food
ntake (see the Figure) and sweet preference and intake
rho�0.32, P�0.001). Although significant, the relation-
hip between fiber intake and fat preference was minimal
r��0.11, P�0.05) and there were no relationships be-
ween fiber intake and fat intake (r�0.04, P�0.47) or
weet preference (r�0.01, P�0.89).

redicting Adiposity from Diet and Exercise Behaviors
able 3 shows significant bivariate relationships between
easures of adiposity and dietary behaviors, exercise,

nd age. In general, a greater adiposity was seen in those
ho reported greater fat preference, less frequent intakes

f fiber-rich foods, and less physical activity. Greater
aist circumference was seen in older men. Sweet pref-

rence, alcohol intake, or intake of fat foods were not
ignificant predictors of either measure of adiposity. In-
erestingly, BMI differed between men who reported lik-
ng fat and had either higher (�5 to 7 times per week) or
ower (�1 to 4 times/week) intakes of fat foods. Those who
iked fat but reported lower intakes were significantly

ore likely to be overweight/obese (BMI �25; n�115)
han those who liked fat and reported higher fat intakes
BMI �25; n�49) (�2�3.773, P�0.05). These groups did
ot differ significantly in level of physical activity or age.
Because waist circumference and BMI had similar

atterns of association with the dietary behaviors and
aist circumference showed stronger relationships
ith CVD risk factors in men in our study and that
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igure. Relationship between fat preference and fat intake among adult
en (n�422) aged 46�10 years participating in a worksite health risk

ppraisal. Fat preference is the average liking/disliking rating (general
abeled Magnitude Scale [23]) of 12 high-fat survey foods/groups (0�neutral,
6�weakly, �17�moderately, �35�strongly, �53�very strongly).

at intake is the total weekly intake of six high-fat foods/groups reported
n a brief food frequency questionnaire.
eported in the literature (29), waist circumference was
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sed in the models to predict CVD risk factors. Across
he entire sample, age, intake of fiber-rich foods, fat
reference, and exercise frequency explained 16% of
he variance in waist circumference (P�0.001). The
ariance explained was larger in the younger vs older
ge groups (Table 4) related to larger contributions
rom age and exercise frequency. Fat preference and
ber intake were significant contributors to waist cir-
umference in both age groups.

redicting Serum Lipid Levels and Blood Pressure from
aist Circumference
reater waist circumference was associated with higher

otal cholesterol level, blood pressure (systolic, diastolic),

Table 3. Significant associations between measured cardiovascular
for men (n�422) aged 46�10 years participating in a worksite hea

Risk factor BMIb
Waist
circumference

Systolic
blood
pressure

Age 0.21 0.24
Fat intake
Fiber intake �0.18 �0.20
Alcohol use
Fat preference 0.11 0.15
Exercise frequency �0.15 �0.22
Waist circumference 0.85 0.25

aCoefficients generated via linear regression, shown when P�0.05.
bBMI�body mass index; calculated as kg/m2.
cBased on measures of serum lipids from capillary blood.

Table 4. Multiple regression models for predicting measures of ch
worksite health risk appraisal

Dependent variable
Explanatory
variables

Se
co

Waist circumference Age 0
Fiber intake �0
Fat preference 0
Exercise frequency �0

Total cholesterol Age 0
Waist circumference 0
Alcohol intake 0

High-density lipoprotein cholesterol Age 0
Waist circumference �0
Alcohol intake 0

Diastolic blood pressure Age 0
Waist circumference 0
Alcohol intake 0

Systolic blood pressure Age �0
Waist circumference 0
Alcohol intake 0
nd lower HDL cholesterol level across the entire sample c
n bivariate relationships (Table 3) as well as in the
ounger age group in multivariate analyses (Table 4).
he multiple regression models explained minimal vari-
nce in total cholesterol level and systolic blood pressure
n both age groups and for all risk factors in the older age
roup. In both age groups, higher HDL cholesterol levels
ere seen in those with lower waist circumference and
igher alcohol intake (24 men reported having a history
f alcohol addiction problems; removing them did not
ffect the analyses).

ISCUSSION
his study revealed a positive association between prefer-
nce for fat foods and adiposity measured by BMI and waist

se risk factors and age, dietary behaviors, and exercise frequencya

k appraisal

olic

ure
Total
cholesterolc

High-density
lipoprotein
cholesterol (HDL)c

Total
cholesterol/HDLc

0.16 0.19
�0.17 0.12

0.12 0.16 �0.21
0.12 0.23 0.21

disease risk (dependent variables) among men participating in a

6 to 50 y (n�252) 50 to 70 y (n�170)

rtial
ion P value R 2

Semipartial
correlation P value R 2

�0.001 0.24 0.04 0.64 0.11
�0.05 �0.18 �0.05
�0.05 0.16 �0.05
�0.001 �0.15 0.06

0.15 0.07 �0.08 0.30 0.02
0.04 0.04 0.58

�0.01 0.09 0.27

1.0 0.16 �0.07 0.36 0.10
�0.001 �0.24 �0.005
�0.001 0.19 �0.05

0.13 0.15 �0.02 0.79 0.02
�0.001 0.10 0.20

0.61 0.07 0.37

0.40 0.07 0.20 �0.01 0.10
�0.001 0.19 0.01

0.61 0.17 �0.05
disea
lth ris

Diast
blood
press

0.18

0.25
ronic

2

mipa
rrelat

.31

.11

.12

.26

.09

.13

.17

.25

.32

.09

.32

.03

.06

.25
ircumference in a sample of men, 78% of whom were over-
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eight or obese. In multiple linear regression models, fat
references joined other modifiable (intake of fiber-rich
oods and exercise frequency) and nonmodifiable (age) fac-
ors as independent predictors of central adiposity. Al-
hough preference for fat foods showed significant correla-
ion with reported intake of foods and beverages high in
aturated fat, the measure of fat intake neither showed
ignificant associations with central adiposity nor other
VD risk factors. Neither preference for nor reported intake
f sweet foods associated with either measure of adiposity.
The food preference ratings in our study were collected
ith the hedonic general Labeled Magnitude Scale, a scale

n which subjects are asked to consider their preference
atings within the context of all hedonic experiences not just
hose for food. This broader context aims to minimize errors
ade when assuming that scale labels (eg, strongly like)
ave the same meaning to all individuals when applied to

ood preferences. For example, suppose the aim was to com-
are the liking for sweetness across normal weight individ-
als and individuals with obesity with a traditional visual
nalogue scale labeled “zero” at one end and “maximum
iking for sweetness” at the other end. Members of each
roup could be given an especially desirable dessert that
oth groups would rate at the top of the scale. This does not
ean that both groups are experiencing the same level of

leasure. In fact, the individuals with obesity could be ex-
eriencing twice as much pleasure. There is no way to know
hat absolute level of pleasure is denoted by “maximum

iking for sweetness.” However, if the top label were
hanged to “maximum liking of any kind,” the subjects can
ompare the pleasure they experience from sweet with all
ther pleasures (eg, pleasure experienced from driving a
ast car). If the maximum of all pleasures is not systemati-
ally related to the pleasure from sweet, then any variation
n maximum pleasure of any kind will be roughly the same
n the obese and thinner groups. Thus, maximum pleasure
f any kind serves as a standard. Suppose the obese sub-
ects, on average, rate the pleasure from the dessert at 90%
f the maximum pleasure of any kind while the thinner
ubjects rate it at 45%. If the maximum pleasure of any kind
as considered to equal 100, then the thinner rating (45%)
ould be half that of the obese rating (90%); the conclusion

ould be that thinner subjects experience half the liking for
he dessert as that experienced by the obese subjects. In our
tudy neither sweet preference nor reported intake of sweet
oods was a significant predictor of central adiposity. Al-
hough most studies also do not support that individuals
ith obesity have a greater preference for sweet foods (36-
0), new advances in scaling food preferences should in-
rease understanding of preference differences across indi-
iduals who vary in body weight (23), even if intake of
weets, specifically added sugars, are unlikely by them-
elves to have caused increases in obesity risk (41).

The observed associations between fat preference and
diposity agree with those from individuals with normal
eight (16,17) and obesity (37). In fact, preference measures
ight be more able than other dietary measures at identi-

ying diet and body composition relationships. They are less
ognitively demanding and maybe less biased by cognitive
ontrol on reporting dietary intakes (ie, dietary restraint).
asic research in cognition shows that simple affective re-
ponses require less cognitive function (10,42) (eg, answer-

ng the question “how much do you like it” is much easier

42 February 2007 Volume 107 Number 2
han recalling “how often and how much do you eat?”). This
asic research is supported by the observation that children
43) and neurologically impaired adults (44) can complete
reference tasks. Food preference assessment appears to
atch the goals for health screening of relating dietary

atterns to health while requiring minimal concentration
nd cognitive processing.
One issue is whether or not dietary fat contributes to

besity, particularly central obesity. Although debate exists
n macronutrient composition and adiposity, generally ac-
epted scientific evidence supports that diets between 20%
nd 35% total fat and low in saturated fats (�10%) and
holesterol (�300 mg/day) promote optimal health and
eight (35). High-fat diets are associated with greater adi-
osity in epidemiologic and clinical studies (45) as well as
odel animal systems (46). Fat is energy dense and com-

elling evidence shows that low-energy-dense diets (eg, high
n fruits and vegetables) associate with lower body weights
47). Although a lack of association between fat intake and
entral adiposity has been seen (48,49), intakes of trans (50)
nd saturated fats (51,52) appear to bestow greatest risk of
bdominal obesity.
Underreporting of intake can affect observed relation-

hips between diet and abdominal obesity (53) and met-
bolic syndrome (54) and conclusions drawn from our
esults. In two separate studies using doubly labeled
ater to measure total energy expenditure, both women
nd men of European ancestry underreport energy intake
sing a food frequency questionnaire (55,56). The reasons

or underreporting dietary intake are complex with rates
ighest in those who are obese and those reporting recent
eight loss, having highest dietary restraint, and lowest

at intakes (56). Men who perceived their energy expen-
iture as low also show greater underreporting (56). Al-
hough men report lower levels of dietary restraint than
o women (57), the men in our study were HRA partici-
ants who are more likely to be health-seeking and at-
empting to change their diet and lifestyle behaviors, and
hus may be exerting restraint over what they eat (58-60).

high level of dietary restraint and disinhibition in men
ssociates with greater adiposity (61).
Our study did not include a specific measure of dietary

estraint or disinhibition, yet the relationship between pref-
rence and intake could provide an indirect measure of
hese constructs. Men who liked fat but reported low in-
akes were more likely to be overweight and obese than
hose who liked fat and reported that they consumed fat
oods more frequently. Thus, those who did not fulfill their
reference for fat foods could have been restraining their
ntakes of these foods until exposed to a disinhibitor, an
nvironmental factor or stressor that produces loss of con-
rol over eating. High level of disinhibition associates with
igher preference for sweet and “fattening” foods as shown

n women who are dieting (19) and those with greater adi-
osity (61-63). Discordance between liking and intake of fat
ie, high preference and low intake) could reflect greater
nderreporting among people with higher preference for

at, or could indicate individuals who are actively trying to
odify their diets. Counseling on strategies to incorporate

at and fat modified foods into dietary plans could help
ndividuals resolve some of the discordance between prefer-
nce and intake.

Intakes of high-fiber foods (eg, whole grains, vegetables,
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nd fruits) as well as alcoholic beverages predicted lower
diposity and/or more favorable serum lipid levels. Re-
orted intakes of fiber foods may be more accurate than
ntakes of fat to detect effects on body composition—there

ay be less motivation and/or social demands to distort
eported intake of fiber foods. Alternatively, the male HRA
articipants who were more overweight could have under-
eported intakes of fiber foods, since underreporters tend to
o so across most food groups (64), which could have inflated
he apparent negative relationship between fiber intake
nd adiposity. Nonetheless, scientific evidence support that
iets high in fiber associate with lower body weight and
ody fat, possibly due to affects on satiety and absorption
65). Higher intakes of fruits and vegetables promote control
f energy intake because they are less energy dense, sup-
orting satiety and controlling hunger (66). Reports of alco-
ol intake from HRAs can be valid and reliable enough to

ink with health and occupational outcomes (8). The positive
elationship between a moderate intake of alcoholic bever-
ges and serum lipid levels in our study is supported by
revious research of inverse relationships between alcohol
onsumption and HDL cholesterol, triglycerides (67-69), in-
ulin resistance, and glycosylated hemoglobin (69). Yet high
lcohol intakes are also linked with higher blood pressures
70), as seen among our HRA participants over 50 years of
ge.
The limitations of our study should be noted. These are

ross-sectional data and, thus, do not imply causality. The
reference measure did not include all foods or food groups
ssessed by the intake measure, specifically lacking ques-
ions about preference for whole grains, fruits, and vegeta-
les. Thus, the study could not assess the utility of prefer-
nce for examining diet–body composition relationships
cross a range of foods, some of which are generally per-
eived as more healthful and socially desirable. The mea-
ure of fat intake may not have been sensitive enough to
etect a relationship with overall or central adiposity. The
tudy group was primarily composed of men of European
ncestry who were salaried, suggesting higher incomes and
ducational levels. Thus, the results may generalize less
ell to women (17) and those of diverse ancestry or socio-

conomic status. The multiple regression models predicted
ess variance in risk factors among the older age group (�50
ears) as shown previously (29). The models did not also
nclude family history, which contributes a significant
ource of risk for CVD (eg, reference 71).

ONCLUSIONS
he dietary component of HRAs should screen for dietary
ehaviors that associate with risk of obesity and other
hronic diseases. Cognitive issues such as memory and
ietary restraint threaten the utility of recall-based in-
ake measures, especially in screening situations with
ealth-seeking individuals. Our study found that al-
hough reported preference and intake for fat foods were
orrelated, only preference for these foods was associated
ith adiposity. Men who reported greater preference for

at foods and beverages as well as lower intakes of fiber-
ich foods (eg, whole grains, fruits, and vegetables) were
ore likely to have higher BMIs or waist circumferences.
reater waist circumference in turn was predictive of
igher blood pressure and less favorable serum lipid lev-

ls. Based on previous research, the ability to reveal
elationships between dietary intake and adiposity is
hallenged by underreporters, who are likely to be obese
s well as estimate low intakes of socially undesirable
oods. Research in cognition supports that assessing food/
everage preference may minimize cognitive factors as-
ociated with under- or overreporting intake. Thus, we
elieve that including the measure of preference for fat
oods in the HRA enhanced the assessment of dietary risk
f CVD. In addition, comparing preference and intake
esponses identified individuals for whom intakes of fat
oods fell below preference for these foods. Dietary coun-
eling may assist these individuals in incorporating fats
nto their diets that promote cardiovascular health while
upporting their preference for fat.

he project was supported by the National Research Ini-
iative of the US Department of Agriculture Cooperative
tate Research, Education and Extension Service, grant
o. 2003-35200-12943 (VBD), NIH DC00283 (LMB and
BD), School of Allied Health (VBD), Pratt & Whitney

LSP), and New Britain General Hospital Arthur E.
hornton Cardiopulmonary Fund (LSP).

eferences
1. US Department of Health and Human Services.

Healthy People 2010: Understanding and Improving
Health. 2nd ed. Washington, DC: US Government
Printing Office; 2000.

2. Anderson DR, Staufacker MJ. The impact of work-
site-based health risk appraisal on health-related
outcomes: A review of the literature. Am J Health
Promot. 1996;10:499-508.

3. Fellows J. Health risk appraisal: What is it? In:
Peterson K, Hilles E, eds. The Society of Prospective
Medicine Handbook of Health Risk Appraisals. 2nd
ed. Indianapolis, IN: The Society of Prospective Med-
icine; 1994.

4. Lewis RJ, Huebner WW, Yarborough CM 3rd. Char-
acteristics of participants and nonparticipants in
worksite health promotion. Am J Health Promot.
1996;11:99-106.

5. Mills PR. The development of a new corporate specific
health risk measurement instrument, and its use in
investigating the relationship between health and
well-being and employee productivity. Environ
Health. 2005;4:1.

6. Thompson FE, Midthune D, Subar AF, Kahle LL,
Schatzkin A, Kipnis V. Performance of a short tool to
assess dietary intakes of fruits and vegetables, per-
centage energy from fat and fibre. Public Health
Nutr. 2004;7:1097-1105.

7. Yore MM, Bell NS, Senier L, Amoroso PJ. Progress
toward attainment of the Healthy People 2000 objec-
tives in the US Army: Measured by health risk ap-
praisal results. Am J Prev Med. 2000;19:87-93.

8. Bell NS, Williams JO, Senier L, Strowman SR, Amo-
roso PJ. The reliability and validity of the self-
reported drinking measures in the Army’s Health
Risk Appraisal survey. Alcohol Clin Exp Res. 2003;
27:826-834.

9. Johnson M. A multiple-entry, modular memory sys-

tem. In: Bower G, ed. The Psychology of Learning and

February 2007 ● Journal of the AMERICAN DIETETIC ASSOCIATION 243



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

2

Motivation: Advances in Research and Theory. Vol 17.
New York, NY: Academic Press; 1983:81-123.

0. Johnson MK, Kim JK, Risse G. Do alcoholic Korsa-
koff’s syndrome patients acquire affective reactions?
J Exp Psychol Learn Mem Cogn. 1985;11:22-36.

1. Drewnowski A, Hann C. Food preferences and re-
ported frequencies of food consumption as predictors
of current diet in young women. Am J Clin Nutr.
1999;70:28-36.

2. Harvey-Berino J, Hood V, Rourke J, Terrance T, Dor-
waldt A, Secker-Walker R. Food preferences predict
eating behavior of very young Mohawk children.
J Am Diet Assoc. 1997;97:750-753.

3. Ricketts CD. Fat preferences, dietary fat intake, and
body composition in children. Eur J Clin Nutr. 1997;
51:778-781.

4. Perez-Rodrigo C, Ribas L, Serra-Majem L, Aranceta
J. Food preferences of Spanish children and young
people: The enKid study. Eur J Clin Nutr. 2003;
57(suppl 1):S45-S48.

5. Drewnowski A, Hann C, Henderson SA, Gorenflo D.
Both food preferences and food frequency scores pre-
dict fat intakes of women with breast cancer. J Am
Diet Assoc. 2000;100:1325-1333.

6. Mela DJ, Sacchetti DA. Sensory preferences for fats:
Relationships with diet and body composition. Am J
Clin Nutr. 1991;53:908-915.

7. Nakamura K, Shimai S, Kikuchi S, Tanaka M. Cor-
relation between a liking for fat-rich foods and body
fatness in adult Japanese: A gender difference.
Appetite. 2001;36:1-7.

8. Bathalon GP, Tucker KL, Hays NP, Vinken AG, Green-
berg AS, McCrory MA, Roberts SB. Psychological mea-
sures of eating behavior and the accuracy of 3 common
dietary assessment methods in healthy postmeno-
pausal women. Am J Clin Nutr. 2000;71:739-745.

9. Lahteenmaki L, Tuorila H. Three-factor eating ques-
tionnaire and the use and liking of sweet and fat
among dieters. Physiol Behav. 1995;57:81-88.

0. Bartoshuk LM, Duffy VB, Green BG, Hoffman HJ,
Ko CW, Lucchina LA, Marks LE, Snyder DJ, Weiffen-
bach JM. Valid across-group comparisons with la-
beled scales: The gLMS vs magnitude matching.
Physiol Behav. 2004;82:109-114.

1. Bartoshuk L, Fast K, Snyder D. Differences in our
sensory worlds: Invalid comparisons with labeled
scales. Cur Direct Psychol Sci. 2005;14:122-125.

2. Snyder D, Fast K, Bartoshuk L. Valid comparisons of
suprathreshold stimuli. In: Jack A, Roepstorff A, eds.
Trusting the Subject: The Use of Introspective Evi-
dence in Cognitive Science. Vol 2. Exeter, UK:
Imprint Academic; 2004:96-112.

3. Bartoshuk LM, Duffy VB, Hayes JE, Moskowitz HR,
Snyder DJ. Psychophysics of sweet and fat perception
in obesity: Problems, solutions, and new perspectives.
Philos Trans R Soc Lond B Biol Sci. 2006;361:
1137-1148.

4. Marschke LM, Allen GJ, Coble DA, Zellner SR, Klein
R, Aiudi B, Murphy D, Pescatello LS. Cardiovascular
health status and health risk assessment method of
preference among worksite employees. J Primary
Prevention. 2006:1-13.
5. Wasserman J, Whitmer RW, Bazzarre TL, Kennedy

44 February 2007 Volume 107 Number 2
ST, Merrick N, Goetzel RZ, Dunn RL, Ozminkowski RJ.
Gender-specific effects of modifiable health risk factors
on coronary heart disease and related expenditures. J
Occup Environ Med. 2000;42:1060-1069.

6. Goetzel RZ, Ozminkowski RJ, Bruno JA, Rutter KR,
Isaac F, Wang S. The long-term impact of Johnson &
Johnson’s Health & Wellness Program on employee
health risks. J Occup Environ Med. 2002;44:417-424.

7. National Cancer Institute, Cancer Control and Pop-
ulation Sciences. Risk factor and monitoring meth-
ods: Short dietary assessment instruments. Available
at: http://www.riskfactor.cancer.gov/diet/screeners/.
Accessed November 15, 2005.

8. Friedwald WT, Levy RI, Fredrickson DS. Estimation
of concentration of low-density lipoprotein cholesterol
in plasma, without use of the preparative ultracen-
trifuge. Clin Chem. 1972;18:499-502.

9. Lemos-Santos MG, Valente JG, Goncalves-Silva RM,
Sichieri R. Waist circumference and waist-to-hip ra-
tio as predictors of serum concentration of lipids in
Brazilian men. Nutrition. 2004;20:857-862.

0. Tabachnick B, Fidell L. Using Multivariate Statistics.
5th ed. Boston, MA: Allyn & Bacon; 2006.

1. National Institute of Health, National Heart, Lung
and Blood Institute. Clinical Guidelines on the Iden-
tification, Evaluation, and Treatment of Overweight
and Obesity in Adults. Bethesda, MD: National
Heart, Lung, and Blood Institute; 1998:1-262.

2. US Department of Health and Human Services, Cen-
ters for Disease Control and Prevention. A public
health action plan to prevent heart disease and stroke.
Available at: http://www.cdc.gov/dhdsp/library/action_
plan/index.htm. Accessed on November 17, 2005.

3. Division of Nutrition and Physical Activity, National
Center for Chronic Disease Prevention and Health
Promotion. Physical activity for everyone: Recommen-
dations. Available at: http://www.cdc.gov/nccdphp/
dnpa/physical/recommendations/. Accessed Novem-
ber 17, 2005.

4. Nielsen SJ, Popkin BM. Patterns and trends in food
portion sizes, 1977-1998. JAMA. 2003;289:450-453.

5. US Department of Health and Human Services, US
Department of Agriculture. Nutrition and Your Health:
Dietary Guidelines for Americans, 2005. Available
at: http://www.healthierus.gov/dietaryguidelines/.
Accessed January 8, 2007.

6. Thompson DA, Moskowitz HR, Campbell RG. Taste
and olfaction in human obesity. Physiol Behav. 1977;
19:335-337.

7. Drewnowski A, Brunzell JD, Sande K, Iverius PH,
Greenwood MR. Sweet tooth reconsidered: Taste re-
sponsiveness in human obesity. Physiol Behav. 1985;
35:617-622.

8. Drewnowski A, Kurth C, Holden-Wiltse J, Saari J.
Food preferences in human obesity: Carbohydrates
vs fats. Appetite. 1992;18:207-221.

9. Macdiarmid JI, Vail A, Cade JE, Blundell JE. The
sugar–fat relationship revisited: Differences in con-
sumption between men and women of varying BMI.
Int J Obes Relat Metab Disord. 1998;22:1053-1061.

0. Salbe AD, DelParigi A, Pratley RE, Drewnowski A,

Tataranni PA. Taste preferences and body weight

http://www.riskfactor.cancer.gov/diet/screeners/
http://www.riskfactor.cancer.gov/diet/screeners/
http://www.cdc.gov/dhdsp/library/action_plan/index.htm
http://www.cdc.gov/dhdsp/library/action_plan/index.htm
http://www.cdc.gov/nccdphp/dnpa/physical/recommendations/
http://www.cdc.gov/nccdphp/dnpa/physical/recommendations/
http://www.healthierus.gov/dietaryguidelines/


4

4

4

4

4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

6

6

6

6

6

6

6

6

6

6

7

7

changes in an obesity-prone population. Am J Clin
Nutr. 2004;79:372-378.

1. Institute of Medicine, Food and Nutrition Board. Dietary
Reference Intakes for Energy, Carbohydrate, Fiber, Fat,
Fatty Acids, Cholesterol, Protein and Amino Acids. Wash-
ington, DC: National Academies Press; 2002.

2. Johnson M, Multhaup K. Emotion and MEM. In:
Christianson S-A, ed. The Handbook of Emotion and
Memory: Current Research and Theory. Hillsdale,
NJ: Erlbaum; 1992:33-66.

3. Mennella JA, Pepino MY, Reed DR. Genetic and en-
vironmental determinants of bitter perception and
sweet preferences. Pediatrics. 2005;115:e216-e222.

4. Pelletier C, Lawless H. Measuring taste acceptance
in neurologically impaired adults. Food Qual Pref.
2003;14:595-602.

5. Bray GA, Paeratakul S, Popkin BM. Dietary fat and
obesity: A review of animal, clinical and epidemiolog-
ical studies. Physiol Behav. 2004;83:549-555.

6. Woods SC, D’Alessio DA, Tso P, Rushing PA, Clegg DJ,
Benoit SC, Gotoh K, Liu M, Seeley RJ. Consumption of
a high-fat diet alters the homeostatic regulation of en-
ergy balance. Physiol Behav. 2004;83:573-578.

7. Rolls BJ, Drewnowski A, Ledikwe JH. Changing the
energy density of the diet as a strategy for weight man-
agement. J Am Diet Assoc. 2005;105(suppl 1):S98-S103.

8. Merchant AT, Anand SS, Vuksan V, Jacobs R, Davis
B, Teo K, Yusuf S. Protein intake is inversely associ-
ated with abdominal obesity in a multi-ethnic popu-
lation. J Nutr. 2005;135:1196-1201.

9. Larson DE, Hunter GR, Williams MJ, Kekes-Szabo
T, Nyikos I, Goran MI. Dietary fat in relation to body
fat and intraabdominal adipose tissue: a cross-sec-
tional analysis. Am J Clin Nutr. 1996;64:677-684.

0. Koh-Banerjee P, Chu NF, Spiegelman D, Rosner B,
Colditz G, Willett W, Rimm E. Prospective study of
the association of changes in dietary intake, physical
activity, alcohol consumption, and smoking with
9-year gain in waist circumference among 16,587 US
men. Am J Clin Nutr. 2003;78:719-727.

1. Summers LK, Fielding BA, Bradshaw HA, Ilic V, Bey-
sen C, Clark ML, Moore NR, Frayn KN. Substituting
dietary saturated fat with polyunsaturated fat changes
abdominal fat distribution and improves insulin sensi-
tivity. Diabetologia. 2002;45:369-377.

2. Ward KD, Sparrow D, Vokonas PS, Willett WC, Lands-
berg L, Weiss ST. The relationships of abdominal obe-
sity, hyperinsulinemia, and saturated fat intake to se-
rum lipid levels: The Normative Aging Study. Int J
Obes Relat Metab Disord. 1994;18:137-144.

3. Rosell M, Johansson G, Berglund L, Vessby B, de
Faire U, Hellenius ML. Associations between the in-
take of dairy fat and calcium and abdominal obesity.
Int J Obes Relat Metab Disord. 2004;28:1427-1434.

4. Rosell MS, Hellenius ML, de Faire UH, Johansson
GK. Associations between diet and the metabolic syn-
drome vary with the validity of dietary intake data.
Am J Clin Nutr. 2003;78:84-90.

5. Hebert JR, Ebbeling CB, Matthews CE, Hurley TG, Ma Y,
Druker S, Clemow L. Systematic errors in middle-aged
women’s estimates of energy intake: Comparing three
self-report measures to total energy expenditure from

doubly labeled water. Ann Epidemiol. 2002;12:577-586.
6. Tooze JA, Subar AF, Thompson FE, Troiano R,
Schatzkin A, Kipnis V. Psychosocial predictors of
energy underreporting in a large doubly labeled
water study. Am J Clin Nutr. 2004;79:795-804.

7. de Lauzon B, Romon M, Deschamps V, Lafay L,
Borys JM, Karlsson J, Ducimetiere P, Charles MA,
Fleurbaix Laventie Ville Sante Study Group. The
Three-Factor Eating Questionnaire-R18 is able to
distinguish among different eating patterns in a gen-
eral population. J Nutr. 2004;134:2372-2380.

8. Nice DS, Woodruff SI. Self-selection in responding to
a health risk appraisal: Are we preaching to the
choir? Am J Health Promot. 1990;4:367-372.

9. Mavis BE, Stachnik TJ, Gibson CA, Stoffelmayr BE.
Issues related to participation in worksite health pro-
motion: A preliminary study. Am J Health Promot.
1992;7:53-60.

0. Stonecipher LJ, Hyner GC. The effects of a compre-
hensive health risk appraisal, basic screening, and
interpretation session on employee health practices:
differences between participants and nonpartici-
pants. Am J Health Promot. 1993;7:167-169.

1. Timko CA, Perone J. Rigid and flexible control of
eating behavior in a college population. Eat Behav.
2005;6:119-125.

2. Tepper BJ, Ullrich NV. Influence of genetic taste sen-
sitivity to 6-n-propylthiouracil (PROP), dietary re-
straint and disinhibition on body mass index in middle-
aged women. Physiol Behav. 2002;75:305-312.

3. Contento IR, Zybert P, Williams SS. Relationship
of cognitive restraint of eating and disinhibition to
the quality of food choices of Latina women and
their young children. Prev Med. 2005;40:326-336.

4. Krebs-Smith SM, Graubard BI, Kahle LL, Subar AF,
Cleveland LE, Ballard-Barbash R. Low energy re-
porters vs others: A comparison of reported food in-
takes. Eur J Clin Nutr. 2000;54:281-287.

5. Slavin JL. Dietary fiber and body weight. Nutrition.
2005;21:411-418.

6. Ello-Martin JA, Ledikwe JH, Rolls BJ. The influence
of food portion size and energy density on energy
intake: Implications for weight management. Am J
Clin Nutr. 2005;82(suppl 1):236S-241S.

7. Hashimoto Y, Futamura A, Nakarai H, Nakahara K.
Effects of the frequency of alcohol intake on risk
factors for coronary heart disease. Eur J Epidemiol.
2001;17:307-312.

8. Dixon JB, Dixon ME, O’Brien PE. Alcohol consump-
tion in the severely obese: Relationship with the met-
abolic syndrome. Obes Res. 2002;10:245-252.

9. Goude D, Fagerberg B, Hulthe J. Alcohol consump-
tion, the metabolic syndrome and insulin resistance
in 58-year-old clinically healthy men (AIR study).
Clin Sci (Lond). 2002;102:345-352.

0. Fuchs FD, Chambless LE, Whelton PK, Nieto FJ,
Heiss G. Alcohol consumption and the incidence of
hypertension: The Atherosclerosis Risk in Communi-
ties Study. Hypertension. 2001;37:1242-1250.

1. Hunt SC, Gwinn M, Adams TD. Family history as-
sessment: Strategies for prevention of cardiovascular

disease. Am J Prev Med. 2003;24:136-142.

February 2007 ● Journal of the AMERICAN DIETETIC ASSOCIATION 245


	Food Preference Questionnaire as a Screening Tool for Assessing Dietary Risk of Cardiovascular Disease within Health Risk Appraisals
	METHODS
	Participants
	Preference Measure
	Screeners for Dietary Intake and Exercise
	Chronic Disease Risk Factors
	Statistical Analysis

	RESULTS
	Predicting Adiposity from Diet and Exercise Behaviors
	Predicting Serum Lipid Levels and Blood Pressure from Waist Circumference

	DISCUSSION
	CONCLUSIONS
	References


