Snack chips fried in corn oil alleviate cardiovascular disease risk
factors when substituted for low-fat or high-fat snacks1–3
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INTRODUCTION

In the past, emphasis was placed on adopting a low-fat diet
because such a diet had been shown to effectively reduce total
and LDL cholesterol (1, 2). However, low-fat diets may lead to
reductions in HDL-cholesterol (2– 4) and increases in triacylglycerol (5) concentrations. More recently, research suggests
that the type of dietary fat, more than total fat, affects cardiovascular disease (CVD) risk. In fact, from the Nurses’ Health Study,
it was estimated that replacing 5% of calories from saturated fatty
acids or 2% of calories from trans fats with equivalent portions
of polyunsaturated fatty acids (PUFAs) would markedly reduce
CVD risk (6). Similar estimated reductions in CVD risk were
reported when polyunsaturated fats replaced 5% of energy from

carbohydrates in the diet (6). In addition, recent data from the
Women’s Health Initiative show that attempts to reduce dietary
fat intake to 쏝30% of total energy intake did not lead to significantly lower rates of coronary events, stroke, or CVD (7). Moreover, the authors suggested that an increase in intakes of PUFAs,
rather than a decreased intake of total fat irrespective of the type
of fat, may have incurred cardiovascular benefits.
Therefore, recommendations for ways to introduce healthy
fats into the diet should be made. Some high-fat foods that have
traditionally been advocated for their healthy fatty acid profile
include nuts and avocados. High-fat dairy products typically
contain a large quantity of saturated fats, and high-fat sweets and
snack foods generally have a large amount of saturated and trans
fats. These snack foods are often considered unhealthy, and recommendations are often made to limit their consumption, mainly
as part of an effort to control body weight but also to avoid
saturated and trans fats (8). However, frying foods in vegetable
oils such as corn, canola, or sunflower oil, all of which are rich in
polyunsaturated and monounsaturated fat, low in saturated fat,
and free of trans fatty acids, can produce healthier high-fat
snacks. Incorporating such snacks into the diet may provide
health benefits.
Snack foods make up a large proportion of the average diet in
industrialized countries: 3.7 and 3.8 snacks/d, providing 790 and
629 kcal/d in Finnish men and women, respectively (9). In comparison, US adults consume 17.7% of their daily from snacks,
which equates to 앒350 kcal/d for a 2000-kcal diet (10). Because
of the contribution of snack foods to the overall diet, it can be
considered that foods chosen in snacking episodes can affect
health. The objective of this study was to determine whether
replacing low-fat and high-fat or high-saturated fat and hightrans fat snack foods with snacks high in fat (mostly PUFAs) and
low in saturated and trans fats improves CVD risk factors. We
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ABSTRACT
Background: The perception that all high-fat snacks are unhealthy
may be wrong.
Objective: We aimed to assess whether replacing low-fat and highfat snacks with snacks rich in polyunsaturated fatty acids (PUFAs)
and low in saturated and trans fatty acids would improve cardiovascular health.
Design: Thirty-three adults participated in a randomized crossover trial of 3 controlled feeding phases of 25 d each in which a
different type of snack was provided: low-fat (30.8% of energy
from fat, 5.2% of energy from PUFAs), high-PUFA (36.3% of
energy from fat, 9.7% of energy from PUFAs), or high-fat (37.9%
of energy from fat, 5.8% of energy from PUFAs) snack.
Results: Each diet reduced LDL- and total cholesterol concentrations, but reductions were greater with the low-fat and the highPUFA diets than with the high-fat diet: LDL cholesterol (11.8% and
12.5% compared with 8.8%, respectively; P ҃ 0.03 and 0.01), total
cholesterol (10.5% and 10.7% compared with 7.9%, respectively;
P ҃ 0.03 and 0.02). The high-PUFA diet tended to reduce triacylglycerol concentrations (9.4%; P ҃ 0.06), and this change was
greater than that with the low-fat (P ҃ 0.028) and high-fat (P ҃
0.0008) diets.
Conclusions: These data show that snack type affects cardiovascular health. Consuming snack chips rich in PUFA and low in saturated
or trans fatty acids instead of high-saturated fatty acid and trans fatty
acid or low-fat snacks leads to improvements in lipid profiles concordant with reductions in cardiovascular disease risk.
Am J
Clin Nutr 2007;85:1503–10.
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employed a whole food–substitution approach rather than manipulating one nutrient, because whole foods are emphasized
in Dietary Guidelines for Americans 2005 (11) and at
MyPyramid.gov to better assist Americans in maintaining a
healthy diet.
SUBJECTS AND METHODS

Subjects and study design

Screening visits
The initial screening process occurred via telephone questionnaire. If subjects reported meeting the inclusion or exclusion
requirements, they proceeded to the informational meeting, but,
in the screening visit, any of these subjects could be excluded on
the basis of lipid concentrations. During this meeting, the clinical
coordinator (AB) obtained height and weight measurements and
explained the study design in detail to potential participants who
fit the BMI criterion. The consent form was reviewed at this time.
Persons who wished to enroll in the study were given the consent
form and instructed to return for the actual screening visit, when
a blood sample and blood pressure measurements were obtained.
At this screening visit, the consent form was reviewed on an
individual basis, and questions about the study were answered.
Furthermore, questionnaires, such as the Brief Symptom Inventory (12), demographics and medications forms, were completed.
All subjects gave written informed consent. The study was
approved by UAB’s Institutional Review Board.
Study diets
The control low-fat (LF) diet was designed to reduce total and
saturated fat intakes to 30% and 쏝10% of energy, respectively.
The other 2 diets had higher fat contents, providing 36.3% and
37.9% of energy from fat [high-PUFA (HPUFA) diet and highfat (HF) diet, respectively] but differed in their fatty acid profile.

Nutrient

Low-fat
diet

Highpolyunsaturated fat
diet

High-fat
diet

Carbohydrate (%)
Protein (%)
Fat (%)
PUFA (%)
MUFA (%)
SFA (%)
trans Fatty acids (%)
Fiber (g/d)
Sodium (mg/d)

54.8
14.7
30.8
5.2
14.2
8.5
1.2
20.1
3546

48.6
15.5
36.3
9.7
15.3
8.5
0.7
22.2
3491

46.0
16.3
37.9
5.8
15.9
11.4
2.7
20.9
3622

1

MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty
acids; SFA, saturated fatty acids.

The LF diet was designed to contain amounts of saturated and
trans fats similar to those of the HPUFA diet and to be lower in
fat because of a reduction in PUFAs. The HF diet was designed
to have a fat content similar to that of the HPUFA diet and a
PUFA content similar to that of the LF diet but greater amounts
of saturated and trans fats than either of the other diets. The
macronutrient breakdown of the diets, including snacks, is
shown in Table 1. The base diet was identical for all 3 diets
except for the types of snacks included. Therefore, the HPUFA
and HF diets were achieved by isocaloric substitution of high-fat
snacks for the low-fat snacks in the LF diet. Snacks provided
앒12–15% of energy requirements (앒300 kcal/d), depending on
the caloric prescription, which is equivalent to 앒2 snacks of 150
kcal each. Snack foods included fat-free cookies, crackers, and
low-fat cereal bars for the LF diet; chocolate bars, high-fat cookies and crackers, and buttered popcorn for the HF diet; and corn
and tortilla snack chips fried in corn oil for the HPUFA diet. The
average macronutrient contents of the snacks provided are shown
in Table 2.
Subjects came to the GCRC each weekday morning for breakfast, consumed breakfast under supervision, and were provided
foods for the rest of the day and, on Fridays, for the weekend.
Subjects were required to consume all foods and beverages provided and were allowed to consume additional beverages if they
were noncaloric. All subjects were provided food in the amounts
TABLE 2
Macronutrient content of study snacks1

Nutrient

Low-fat
diet

Carbohydrate [g (%)]
63.65 (84.9)
Protein [g (%)]
4.21 (5.6)
Fat [g (%)]
3.17 (9.5)
PUFA [g (%)]
0.50 (1.5)
MUFA [g (%)]
0.72 (2.2)
SFA [g (%)]2
1.42 (4.3)
trans Fatty acids [g (%)] 0.60 (1.8)

Highpolyunsaturated fat
diet

High-fat
diet

32.81 (43.8)
3.51 (4.7)
17.19 (51.6)
9.44 (28.3)
5.02 (15.1)
2.82 (8.5)
0.11 (0.32)

34.93 (46.6)
3.67 (4.9)
16.25 (48.8)
1.62 (4.8)
5.19 (15.6)
8.86 (26.6)
0.85 (2.6)

1
Data are derived from food-composition analysis per 300-kcal serving
of each snack. The average value of the 4 snacks included in each diet is
presented. MUFA, monounsaturated fatty acids; PUFA, polyunsaturated
fatty acids; SFA, saturated fatty acids.
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This study was conducted at the General Clinical Research
Center (GCRC) of the University of Alabama at Birmingham
(UAB, Birmingham, AL). A total of 45 subjects (n ҃ 12 M, 33
F) aged 19 – 65 y were enrolled. Inclusion criteria included fasting LDL-cholesterol concentrations of 130 to 180 mg/dL, triacylglycerol concentrations 쏝 350 mg/dL, and glucose concentrations 쏝 126 mg/dL, a body mass index (BMI; in kg/m2) of 20
to 35, and a stable weight for 욷3 mo before the study. Exclusion
criteria included the use of lipid-lowering medication, a history
of CVD, current smoking, type 1 or type 2 diabetes, and hypertension. If subjects were taking any medication for 욷3 mo before
starting the study, they were required to continue taking the same
medication at the same dosage throughout the entire study. Subjects recorded their physical activity, by amount and type, on a
daily basis and were asked to ensure that their activity levels
remained constant throughout the study.
The study design was a randomized crossover trial with 3
controlled feeding phases. The total time of involvement for
subjects was 7 mo; that span included the 3 diet phases of 25 d
each, which were separated by either an 8- or a 4-wk washout
period, depending on the number of groups studied at any one
time. During washout periods, subjects were instructed to resume
their normal eating habits and were urged against consuming
study products.

TABLE 1
Macronutrient content of the test diets1

HEART-HEALTHY SNACK CHIPS

required to maintain a stable body weight. The weightmaintenance energy requirements were calculated by using the
Harris-Benedict equation with an activity factor of 1.35 (13).
Subjects were weighed daily before breakfast. After 7 d in the
study, if body weight deviated from baseline by 쏜1%, caloric
provisions were adjusted. At the morning visit, daily report forms
were completed to record any symptoms of illness, foods not
eaten, beverages consumed, and medication taken. If a subject
did not consume a study food on a given day, he or she was
instructed to consume the food the following day. None of the
subjects reported any deviation from the protocol at any time
during the study.
Clinical measurements

for the measurements in our laboratory are 1.0% and 3.7% for
glucose and 4.0% and 5.5% for insulin.
Statistical analysis
For all continuous response variables presented here, generalized linear models for repeated measures in SAS PROC
MIXED were used in SAS software (version 9.1; SAS Institute,
Cary, NC) to investigate the effect of diet on the percentage of
change from baseline values. For the percentage of change in
Lp(a), a few extreme outliers were observed. No valid reason was
found to delete these outliers from the analysis. Therefore, we
first obtained the ranks of the percentage change in Lp(a) and
then analyzed those ranks as the outcome variable in a general
linear model. Analyses based on ranks are statistically robust
(15) and hence are not affected by outliers so long as the ordering
of the observations remains the same. The correlations of the
repeated measures were estimated from the data without assuming a particular covariance structure. To investigate the effect of
diet on the odds that a person would have atherogenic LDL
pattern B, the generalized estimating equations method applied
to a logistic model was used. In this case, the covariance structure
assumed was a first-order autoregressive structure (1), which
assumes that the degree of correlation diminishes as 2 measurements are further separated over time.
Covariates included in the model were baseline (value of the
variable before the diet was started), phase (order in which the
diet was given), day (15 or 25 d after starting the diet), age, and
sex. For each continuous response variable, we performed
goodness-of-fit tests to compare the full model (ie, all covariates
plus diet and diet ҂ day interaction terms) with the reduced
model containing only the covariates (ie, without diet and diet ҂
day interaction terms) by using the likelihood ratio values of the
fitted models. The effect of diet and diet ҂ day interaction were
further investigated only when the goodness-of-fit test result was
found to be significant. When the full model was applicable, the
effect of diet ҂ day interaction was assessed and dropped if not
found significant. In the end, the final models did not contain any
interaction term.
A 2-tailed 5% significance level was used in all statistical
testing: the overall test for diet effect, the test for interactions, and
the test for comparison of diets. To control for inflation of type I
error, comparisons of diets were performed only after the significance of the diet effect was established, which effectively controls the family-wise (ie, overall) error rate that is due to multiple
testing when there are 3—and only 3— conditions (16), as in the
present study. All analyses were done with SAS software (version 9.1). Data are reported as means 앐 SEMs.
RESULTS

Of the 45 subjects enrolled in the study, 33 completed all 3
phases of the study (n ҃ 7 M, 26 F; Figure 1). Subjects who
completed the study had a mean 앐 SD age of 41.8 앐 1.9 y and a
BMI of 29.0 앐 0.6. Reasons for discontinuing participation included straying from the diet (n ҃ 2), food complaints (n ҃ 5),
did not return (n ҃ 2), pregnant (n ҃ 1), work conflict (n ҃ 1),
and death in the family (n ҃ 1).
There was no significant effect of diet on the percentage
change in waist circumference (P ҃ 0.13), percentage body fat
(P ҃ 0.66), absolute fat mass (P ҃ 0.96), and fat-free mass (P ҃
0.12). There was a significant effect of diet on LDL cholesterol
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At baseline and on days 15 and 25 of each phase, the following
samples and measurements were collected: 20 mL of venous
blood, hip and waist circumferences, blood pressure (days 1 and
25 only), body fat and fat-free mass collected by using bioelectrical impedance analysis [(BIA) BC-418; Tanita Corporation,
Arlington Heights, IL], and body weight. Blood pressure was
measured in duplicate while the subject was sitting and with the
use of a standard blood pressure cuff. The average of the 2
readings was used in the analyses. Blood samples were centrifuged at 3000 RPM for 10 min at 4 °C (Jouan CR3i Multifunction
Centrifuge; Thermo Electron Corp, Gormley, Canada), and serum was separated from red blood cells and stored in a Ҁ80 °C
freezer before being analyzed for glucose and insulin. Analyses
of lipid profiles and high-sensitivity C-reactive protein (hs-CRP)
were performed before freezer storage. Further BIA measurements were obtained on days 2, 3, and 10 to accurately track body
weight in conjunction with caloric requirements.
Blood samples were analyzed for the complete lipoprotein
profile by using a vertical autoprofile (VAP) technique (Atherotech Inc, Birmingham, AL) (14). Concentrations of total, HDL
(including subparticles HDL2 and HDL3), LDL, and VLDL cholesterol and lipoprotein(a) [Lp(a)] were assessed. In addition,
LDL particle density was assessed to determine LDL patterns A
and B. The VAP technique is a semiautomated, modified ultracentrifugation test that separates lipoprotein fractions according
to their densities in a vertical rotor; that separation by density
allows for high resolution of each lipoprotein class and subclass.
Each lipoprotein layer is measured with a spectrophotometer
after the addition of cholesterol reagent. Cholesterol values from
each layer are integrated by computer to obtain a spectrophotometric tracing of each lipoprotein subclass particle. Curves corresponding to each subclass are then deconvoluted (ie, separated)
from the total profile, and cholesterol content is measured by
calculating the area under the curve. The CVs for each lipid and
lipoprotein subclass vary between 0.1% and 1.8% with the use of
the VAP technique. Triacyglycerols were estimated by using the
VAP technique. The hs-CRP analyses were conducted by
Atherotech.
Fasting glucose measurements were performed on an automatic analyzer by using test kits (ILAB 600; Instrumentation
Laboratories Ltd, Warrington, United Kingdom). Insulin measurements were performed by using a specific commercial
enzyme-linked immunosorbent assay kit (DakoCytomation, Ely,
United Kingdom). Glucose and insulin measurements were done
in the Energy Metabolism and Body Composition Core Laboratory at UAB. Mean intraassay and interassay CVs, respectively,

1505

1506

ST-ONGE ET AL
101 subjects recruited

56 Excluded:
-42 LDL<130mg/dL
-6 LDL>180mg/dL
-8 Other reasons

LF-HPUFA-HF
n=8

3 DROPPED OUT
-Food complaint (1)
-Pregnant (1)
-Did not return (1)

n=7

6 COMPLETED
1 DROPPED OUT
-Food complaint (1)

HF-HPUFA-LF
n=7

4 COMPLETED
3 DROPPED OUT
-Protocol deviation (2)
-Work conflict (1)

HF-LF-HPUFA
n=8

HPUFA-LF-HF

HPUFA-HF-LF
n=7

n=8

7 COMPLETED

7 COMPLETED

1 DROPPED OUT
-Family death (1)

1 DROPPED OUT
-Food complaint (1)

4 COMPLETED
3 DROPPED OUT
-Food complaint (2)
-Did not return (1)

FIGURE 1. Progress of subjects in the study. HPUFA, high-polyunsaturated fatty acids; LF, low-fat; HF, high-fat.

(P ҃ 0.02), total cholesterol (P ҃ 0.03), and triacylglycerol (P ҃
0.003) and a trend toward significance of the effect of diet on
HDL cholesterol (P ҃ 0.09). All 3 diets reduced LDLcholesterol and total cholesterol concentrations (all P 쏝 0.0001;
Table 3), but HPUFA and LF diets did so to a greater extent than
did the HF diet (LDL cholesterol: LF compared with HF, P ҃
0.03; HPUFA compared with HF, P ҃ 0.009; total cholesterol:
LF compared with HF, P ҃ 0.03; HPUFA compared with HF,
P ҃ 0.02). The HPUFA diet tended to reduce triacylglycerol
concentrations (P ҃ 0.06) and the change was greater than that
observed with the LF (P ҃ 0.0008) and HF (P ҃ 0.03) diets. We
also observed a significant diet effect on non-HDL cholesterol
(P ҃ 0.01), and all 3 diets significantly reduced non-HDLcholesterol concentrations from baseline (10.1%, 11.1%, and
6.9% for LF, HPUFA, and HF diets, respectively; P 쏝 0.0001
for all). The reduction in non-HDL cholesterol with the HF diet
was significantly less than that observed with the LF (P ҃ 0.03)
and HPUFA (P ҃ 0.004) diets.
There was a significant diet effect on VLDL cholesterol (P ҃
0.007). The LF and HF diets did not significantly change VLDL
cholesterol concentrations (4.0% and 1.8%; P ҃ 0.17 and 0.53,
respectively), whereas the HPUFA diet tended to reduce VLDL
cholesterol concentrations (5.0%; P ҃ 0.08). The change in
VLDL cholesterol concentrations with HPUFA was greater than
that with the LF (P ҃ 0.003) and HF (P ҃ 0.02) diets.
For Lp(a), because of the presence of outliers, analysis was
done by first obtaining the ranks of the values of the percentage
change and the ranks used as the response variable in the generalized linear model. There was a trend toward a significant effect
of diet on Lp(a) (P ҃ 0.06).

There tended to be a diet effect on LDL particle type (P ҃
0.08). Five subjects had an improvement in the LDL particle
pattern with the LF diet, whereas 7 and 9 subjects did so with the
HF and HPUFA diets, respectively. No one with LDL pattern B
at baseline moved to LDL pattern A with the LF diet, whereas 2
subjects did so with the HF diet and 4 did so with the HPUFA diet.
There was no significant diet effect (P ҃ 0.9) on percentage
change in hs-CRP (0.7 앐 39.3%, 0.5 앐 37.9%, and 14.7 앐 37.3%
for the LF, HF, and HPUFA diets, respectively). There was no
significant effect of diet on systolic or diastolic blood pressure
(P ҃ 0.85 and 0.88, respectively).

DISCUSSION

Our results show that the HPUFA diet, which incorporated
corn and tortilla chips fried in corn oil, resulted in the best overall
CVD risk profile, although it was higher in total fat. All 3 diets
lowered total and LDL cholesterol, but only the HPUFA diet
tended also to reduce triacylglycerol concentrations. In addition,
changes in total and LDL cholesterol were significantly greater
with the HPUFA diet than with the HF diet; the change in triacylglycerol also was significantly greater with the HPUFA diet
than with the LF diet. In addition to these traditional CVD risk
factors, the pattern of LDL particle size was significantly more
favorable with the HPUFA diet than with the LF diet. Taken
together, these results indicate that substituting snack chips high
in polyunsaturated fats for other high-saturated and trans fat or
low-fat snacks leads to a significantly less atherogenic lipid profile.
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5 COMPLETED

LF-HF-HPUFA
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TABLE 3
Serum lipid concentrations and their percentage changes from baseline on days 15 and 25 combined1

High-fat diet

145.5 앐 3.7
132.8 앐 3.7
130.6 앐 3.7
Ҁ11.8 앐 1.9a

145.4 앐 3.8
131.7 앐 3.7
129.0 앐 3.8
Ҁ12.5 앐 1.9a

144.4 앐 3.8
135.6 앐 3.7
135.7 앐 3.8
Ҁ8.8 앐 1.9b

0.0004

221.3 앐 4.8
204.1 앐 4.8
201.7 앐 4.8
Ҁ10.5 앐 1.4a

219.1 앐 4.8
202.4 앐 4.9
199.8 앐 4.8
Ҁ10.7 앐 1.4a

219.8 앐 4.8
206.8 앐 4.8
206.9 앐 4.8
Ҁ7.9 앐 1.4b

0.0014

53.9 앐 1.7
49.4 앐 1.7
48.9 앐 1.8
Ҁ11.1 앐 2.1

52.2 앐 1.7
50.7 앐 1.8
50.5 앐 1.8
Ҁ8.2 앐 2.2

53.3 앐 1.7
49.6 앐 1.7
50.1 앐 1.8
Ҁ10.2 앐 2.1

P2

0.0015

107.8 앐 8.4
113.5 앐 8.7
118.3 앐 8.4
6.0 앐 4.8a

110.8 앐 7.8
104.3 앐 8.6
99.7 앐 8.6
Ҁ9.4 앐 4.8b

99.6 앐 7.9
112.9 앐 8.6
107.3 앐 8.5
0.2 앐 4.8a

쏝0.0001

21.3 앐 1.0
20.9 앐 0.8
21.4 앐 0.9
4.0 앐 2.8a

20.6 앐 1.0
19.0 앐 0.8
19.2 앐 0.8
Ҁ5.0 앐 2.8b

19.9 앐 1.0
20.6 앐 0.8
20.4 앐 0.8
1.8 앐 2.8a

쏝0.0001

167.6 앐 4.4
154.4 앐 4.1
153.5 앐 4.1
Ҁ10.1 앐 1.6a

166.8 앐 4.3
151.6 앐 4.2
149.6 앐 4.2
Ҁ11.1 앐 1.6a

165.5 앐 4.3
156.9 앐 4.2
157.1 앐 4.2
Ҁ6.9 앐 1.6b

0.0003

All values are x 앐 SEM; n ҃ 33. HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; non-HLD-C, non-HDL cholesterol; TC, total cholesterol; TG,
triacyglycerols; VLDL-C, VLDL cholesterol. All baseline, Day 15, and Day 25 values are based on the fitted model (unadjusted). All change (%) values are
based on the fitted model (adjusted for baseline value, age, sex, day, and phase). Values in a row with different superscript letters are significantly different,
P 쏝 0.05.
2
Goodness-of-fit tests: P values resulting from comparing the likelihood ratio value of the fitted model with all covariates plus diet and diet ҂ day
interaction terms versus the reduced model with all covariates but without diet and diet ҂ day interaction terms.
1

The HPUFA diet caused significantly greater reductions in
total and LDL cholesterol than did the HF diet and significantly
greater reductions in triacylglycerol than did the LF diet. These
changes are in accordance with a report estimating predicted
change in coronary disease incidence on the basis of changes in
the lipoprotein profile (3). The change in coronary disease incidence was predicted to decrease by 19% in men and 16% in
women when 25 g or 10% of daily calories as saturated fat was
replaced with unsaturated fat from vegetable and nut oils. Controlled substitution of oils to alter dietary fatty acid profile has
also shown that replacing saturated fats with polyunsaturated and
monounsaturated fats leads to significant reductions in total and
LDL cholesterol (17). A novel finding of the present study is that
whole-food substitutions, in the form of high-fat savory snacks,
can result in improvements in dietary fat intake that lead to
beneficial health effects.
Our LF diet reduced total and LDL cholesterol to a significantly greater extent than did the HF diet. This finding is in
agreement with data from Ginsberg et al (18). However, unlike
that group, we found no significant difference in HDL cholesterol or triacylglycerol between these 2 diets. This may be due to

the shorter duration of our feeding periods—25 d, instead of the
8 wk used by Ginsberg et al (18). However, previous studies
found significant effects of diet on HDL cholesterol and triacylglycerol within a 3-wk period (4, 19). Although changes in total
and LDL cholesterol were significantly greater with the LF and
HPUFA diets than with the HF diet in the present study, it should
be noted that the HF diet also resulted in significant reductions in
total and LDL cholesterol. The HF diet was designed to resemble
the average American diet, as described previously (20), however, it was likely an improvement over our subjects’ habitual
diet.
LDL particle size is linked to the risk of CVD: small, dense
particles (pattern B) are associated with greater risk. Diet has
been shown to modify LDL particle size, with near-maximal
reductions being observed within 2 wk (21). A shift toward a
Mediterranean diet leads to less-dense LDL particles in women
who have a high proportion of small, dense LDL particles at
baseline (22) and in persons with a particular apolipoprotein E
genotype (23). Mixed results have been observed, however, and
another study reported that effects on particle size were the same
with the high-fat, high-polyunsaturated fat, and high-saturated
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LDL-C
Baseline (mg/dL)
Day 15 (mg/dL)
Day 25 (mg/dL)
Change (%)
TC
Baseline (mg/dL)
Day 15 (mg/dL)
Day 25 (mg/dL)
Change (%)
HDL-C
Baseline (mg/dL)
Day 15 (mg/dL)
Day 25 (mg/dL)
Change (%)
TG
Baseline (mg/dL)
Day 15 (mg/dL)
Day 25 (mg/dL)
Change (%)
VLDL-C
Baseline (mg/dL)
Day 15 (mg/dL)
Day 25 (mg/dL)
Change (%)
Non-HDL-C
Baseline (mg/dL)
Day 15 (mg/dL)
Day 25 (mg/dL)
Change (%)

Low-fat diet

Highpolyunsaturated fat
diet
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and of consuming an American Heart Association Step 1 diet for
2 y found that hs-CRP was lower in the Mediterranean-diet group
than in the control group (36). The Mediterranean-style diet
provided a greater percentage of energy from complex carbohydrates, PUFA, and monounsaturated fat; a lower percentage of
energy from saturated fat; and less overall energy than did the
Step I diet. Similarly, a diet containing a combination of
cholesterol-lowering foods and ingredients (eg, almonds, soy
protein, viscous fiber, and phytosterols) led to reductions in CRP
of 28.2%, whereas no reduction in CRP was seen with consumption of a diet very low in saturated fat (37). In contrast, others
have not observed a diet effect on CRP. Desroches et al (38)
found that consumption of a low-fat diet (25.8% of energy from
fat), a high-fat diet (40% of energy from fat), and a highmonounsaturated fat diet (22.5% of energy from monounsaturated fat) did not affect CRP concentrations differently. Increasing the trans fat content of a diet also has not been found to affect
CRP concentrations (39). It has been suggested that diet plays a
role in modulating CRP concentrations only if a subject’s body
weight also changes (40, 41). Our data did not show any effect of
diet on hs-CRP after a 25-d period, but we found a correlation
between change in CRP and change in waist circumference.
Perhaps a longer study duration or greater changes in body composition are necessary for observable changes in this biomarker.
The present study did not produce any changes in body composition.
The present study had several limitations. First, subjects were
mildly hyperlipidemic and normoglycemic. It is not known
whether similar results would have been obtained in persons with
lower or higher lipid concentrations or with type 2 diabetes.
Second, the sample size was modest (ie, 33), which limited our
power to examine sex and ethnicity effects. Another limitation of
the present study was the length of the feeding periods. Although
we found significant diet effects on some of our main endpoints,
it is not implausible to postulate that 25 d may not have been
enough time to initiate a change in some of our secondary endpoints, such as Lp(a) and hs-CRP. On the other hand, it is very
difficult to obtain compliance with a controlled feeding protocol
when the feeding period is extended beyond a few weeks. Freeliving studies in which subjects are counseled to consume diets of
a particular macronutrient profile may be necessary to circumvent this issue and would be a logical next step for this study.
Finally, we cannot exclude the possibility that subjects were not
entirely compliant with the diet requirements. However, the relatively short feeding periods and the lack of weight change are
good indicators that the subjects consumed the study foods. In
any case, deviations from protocol would most likely have weakened the present study and prevented our observation of changes
in the variables measured.
The findings of the present study are in agreement with Dietary Guidelines for Americans 2005 (11) and the American
Heart Association Diet and Lifestyle Recommendations (27),
which have acknowledged that fat type is more influential than
total fat in reducing CVD risk and which no longer recommend
“low-fat” diets (ie, 쏝30% of energy from fat). Weightmaintaining diets containing up to 앒40% of calories from fat
may favorably affect CVD risk factors (42). It is important to note
that our study does not promote the consumption of snacks above
and beyond weight-maintaining energy requirements but does
promote their inclusion in and contribution to a healthy diet. The
role of snacks in body weight regulation is still controversial.
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fat diets (24). In those studies, dietary intake often was not strictly
controlled, and the exact dietary fat profile was unknown or not
reported. In controlled feeding studies, LDL particle size reduction with olive oil–, sunflower oil–, and rapeseed oil–rich diets
did not differ significantly from that with a saturated fat–rich diet
(25), but LDL particle density decreased with the increasing
degree of hydrogenation—and hence the trans fatty acid content— of the diet (26). This latter study suggests that shifting
dietary fat intakes from trans fatty acids to unsaturated fatty acids
may have beneficial effects on LDL particle size. A recent study
showed that dietary carbohydrate intake may also have an effect
on LDL particle size (27), with the peak LDL particle diameter
increasing to a greater extent with diets containing lower proportions of carbohydrates (39% and 26% of energy) than with a
control diet providing 54% of energy from carbohydrates. The
macronutrient distribution of the control diet in that study was
similar to that of our LF diet. Our HPUFA diet had 앒49% of
energy from carbohydrates, which suggests that even modest
reductions in dietary carbohydrate can have beneficial effects on
the LDL pattern. Furthermore, Krauss et al (27) have observed
that, in persons who start out with LDL pattern A, a low-fat,
high-carbohydrate diet results in a conversion to LDL pattern B.
Although the overall diet effect was not significant
(P ҃ 0.08) in modeling the odds of LDL pattern B, our data
suggested that the odds that a person would have LDL pattern B
when following an LF diet are 앒3.5 times the odds for a person
following a HPUFA diet. This finding supports the notion that
shifting dietary patterns toward a pattern with greater PUFAs,
rather than carbohydrates, leads to a better LDL pattern. More
research is necessary to fully understand the effect of macronutrient and fatty acid profiles on LDL density patterns.
Lp(a) is a new CVD risk factor that has been shown, in a
meta-analysis of prospective studies, to have independent
predictive power for coronary heart disease (28). Moreover,
concomitant increases in LDL cholesterol and Lp(a) have been
reported to have synergistic effects on CVD risk in hypercholesterolemic subjects (29) by enhancing arterial cholesterol deposition (30). However, this marker seems to be relatively resistant
to therapies: statins are ineffective at reducing Lp(a) concentrations, and nicotinic acid produces only modest benefits (31). Our
data show no effect of diet on Lp(a). This finding agrees with
Brown et al (32), who also found no effect of dietary fatty acid
type, whether low or high in polyunsaturated fats and low or
high in cholesterol, on Lp(a). One study found significant reductions in Lp(a) when restricting carbohydrate intake (33); however, this study was of longer duration (12 wk) than the present
study, and it did not have a high-carbohydrate comparison group
but a carbohydrate-restricted group supplemented with 3 g dietary fiber. Furthermore, changes in Lp(a) in the present study
were correlated with changes in fat mass, and, therefore, the
change in body composition may have been at least partly responsible for the change in Lp(a). It is interesting that one group
found that Lp(a) was increased after 5 wk of consumption of
low-fat diets similar to our LF diet (34). Perhaps a longer study
duration is needed to effect changes in Lp(a).
hs-CRP is an acute-phase immune reactant that has been associated with increased risk for CVD. Its concentrations have
been correlated with adipose tissue, and it follows that weight
loss leads to reductions in hs-CRP (35). However, studies to
determine the effect of diet on hs-CRP are conflicting. A study
comparing the effects of consuming a Mediterranean-style diet

HEART-HEALTHY SNACK CHIPS

Some studies have found that snacking frequency is associated
with increased BMI (43), whereas others have not found that (44,
45), and others have even not found snacking to prevent weight
loss when incorporated in a weight-loss diet (46).
Because snacks are an integral part of most people’s dietary
habits, it is important to understand their nutritional contribution.
The present study shows that snack foods can be incorporated
into a healthy diet at a practical level and can affect metabolic risk
profiles. Moreover, the study design was unique in that the only
dietary manipulation was the type of snack offered—a wholefood substitution. This is a simple concept that could be very
useful in educating persons about making healthy food choices.
Finally, the present study shows that common beliefs about the
nutritional value of foods may be quite erroneous. What constitutes a healthy snack is debatable; however, the present study
shows that snack chips fried in corn oil is an effective and simple
means of delivering healthy unsaturated fats into the diet while
maintaining a low-saturated fat and low-trans fat diet. Therefore,
if chosen wisely, even snack foods that are often considered to be
“junk food” can contribute to a heart-healthy diet.
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