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Abstract

Background: Traditional diets that include moderate to high intakes of extra virgin olive oil have been related to
a decrease in breast cancer risk. We hypothesized that an olive oil-enriched diet would lead to greater weight
loss and acceptance, compared with a standard diet, in women previously diagnosed with invasive breast
cancer.
Methods: Participants consumed a National Cancer Institute (NCI) diet (total fat >15% and <30%) and a plant-
based olive oil diet (PBOO; �3 tablespoons of olive oil=day) for 8 weeks, each with random assignment to the
order. We established a weight loss goal of at least 5% of baseline weight. After completion of the two diet trials,
each participant self-selected one of the diets for an additional 6 months of follow-up for weight management.
Body measures were done before and after each diet and after follow-up; fasting blood samples were collected
after each diet and after follow-up.
Results: Forty-four overweight women started and 28 completed the 44-week protocol. Twelve (80%) of the 15
women who started with the PBOO diet achieved a weight loss of �5% compared to 4 (31%) of the 13 who
started with the NCI diet ( p< 0.01). Nineteen of the 22 women eligible for follow-up chose the PBOO diet, and
all completed the study. Of the 3 women who chose the NCI diet for follow-up, 1 completed the study. The
PBOO diet resulted in lower triglycerides (NCI 105� 46 mg=dL, PBOO 96� 37 mg=dL, p¼ 0.06) and higher high-
density lipoprotein cholesterol (HDL-C) (NCI 64� 13 mg=dL, PBOO 68� 12 mg=dL, p¼ 0.001).
Conclusions: An olive oil-enriched diet brought about greater weight loss than a lower-fat diet in an 8-week
comparison. Moreover, these women chose, overwhelmingly, the olive oil-enriched diet for 6 months of follow-
up. An olive oil-enriched diet may be more efficacious for weight loss in breast cancer survivors than a standard
lower-fat diet.

Introduction

Overweight women with breast cancer are at in-
creased risk of disease recurrence and death.1 Further,

weight gain during breast cancer treatment is common and
is related to poor prognosis.2 The National Cancer Institute
(NCI) lists obesity as a risk factor for disease recurrence3 but
does not recommend a diet for weight loss, although it has
consistently recommended lowering dietary fat to prevent
breast cancer. Lower-fat diets have not been shown to de-
crease breast cancer risk,4 however, and also may not re-
duce breast cancer recurrence5 unless they result in weight
loss.6 Diets more moderate in fat are associated with en-
hanced long-term weight management7,8 and healthier

levels of high-density lipoprotein cholesterol (HDL-C), tri-
glycerides (TG),9 and insulin,10 all biomarkers for breast
cancer (HDL and TG,11 insulin12). Extra virgin olive oil has
been associated with decreasing breast cancer risk in
Greece, Spain, and Italy, with a dose-response trend,13

making it a potentially healthy dietary component for women
with breast cancer.

There is a need to determine a food pattern that will lead to
healthy weight management in women who have had breast
cancer. This study compares a conventional lower-fat diet
recommended for women diagnosed with breast cancer3 with
a plant-based olive oil (PBOO) diet for weight loss, im-
provement in selected breast cancer biomarkers, and accep-
tance.

1The Miriam Hospital and Brown University, Providence, Rhode Island.
2Lifespan Information Services, Providence, Rhode Island.
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Subjects and Methods

Study subjects

Participants were overweight women diagnosed with in-
vasive breast cancer after the age of 50 and within 4 years of
completing treatment. Inclusion criteria were (1) body mass
index (BMI) of 25.0–35.0 kg=m2 or (2) weight gain of at least
10 kg from age 18 for women with a BMI <25.0 kg=m2 (this
weight gain has been related to increasing risk of postmen-
opausal breast cancer by 13%–18%14). Exclusion criteria were
smokers, history of heart or kidney disease, and diabetes.
Any medication had to be consumed as a stable dose for at
least 4 weeks before starting the protocol, with no change
during the study. Participants were recruited by fliers that
were placed in physician offices and oncology treatment
centers and newspaper advertisements. The principal inves-
tigator (PI) presented the study to several oncology physician
groups. Recruitment was from September 2004 to November
2007.

Participants consumed two diets for 8 weeks of weight loss,
each with random assignment of diet order: (1) an NCI diet for
women with breast cancer3 and (2) PBOO diet. The PBOO diet
was designed by the study PI and previously had been
compared with lower-fat diets in patients with heart disease15

and in overweight but otherwise healthy participants.16 Both
diets were prescribed at 1500 calories. The NCI diet had die-
tary fat of 25–50 g=day (>15% and<30% fat for 1500 calories);
unlimited fruits and vegetables, with a minimum of 5 servings
of fruits and vegetables=day; and up to 7 oz of lean meat=day.
Canola oil was provided to the participants while on the NCI
diet, as it is low in omega-6 polyunsaturated fats, which have
been associated with an increase in breast cancer risk.17,18 The
PBOO diet prescribed was for at least 3 tablespoons=day of
extra virgin olive oil, with sufficient extra virgin olive oil
provided during the PBOO diet; unlimited vegetables; 3
servings=day of fruit and up to 6 oz=week of poultry and up
to 8 oz=week of seafood. Whole grain products and legumes
were encouraged for both diets, and alcohol was proscribed.

Diet instruction was provided before each of the 8 weeks
of weight loss. Participants were provided with meal plans,
recipes, and instructions for following each of the diets. For
the PBOO diet, the recipes were primarily vegetarian and
included 1–2 tablespoons of extra virgin olive oil used to cook
the vegetables. Participants were given a minimum weight
loss goal of 5% from baseline weight. Participants met weekly
with the PI or the study assistant.

After completing both diets, participants were asked to
select one of the diets for 6 months of continued weight loss or
weight management, with semimonthly meetings with re-
search staff. Subjects were encouraged to maintain the diet of
choice and to increase their physical activity. For the PBOO
diet, they were instructed to use a minimum of 2 tablespoons
of olive oil=day and were allowed up to 21 oz of poul-
try=seafood=week. Participants were not provided with either
olive oil or canola oil during follow-up.

Three-day food diaries were kept during weeks 4 and 8 of
each diet and during months 3 and 6 of the follow-up period.
Data were analyzed using DietAnalysistþ V 8 (Thompson
Wadsworth, 2007). Daily records of amount and type of die-
tary fat, fruit, vegetable, whole grains, and animal protein
were recorded during the 8 weeks of weight loss and during
1 week=month in follow-up. Deviations from the diets were

assessed by the PI; participants unwilling to consume the diet
as prescribed were removed from the study.

Measurements were done on days 1 and the day after each
8 weeks of diet were completed, which was the day of the
final blood sample of each diet and at the end of the 6-month
follow-up. These measurements were height by stadiometer,
weight by balance beam, waist circumference at the smallest
area of the torso, hips measured at the widest area of the
buttocks, and bioelectric impedance analysis (BIA) RJL, Inc
Systems) for body composition. Weights were recorded
weekly throughout the study. Two blood samples were taken
at the end of each of the 8 weeks of weight loss, and one was
taken after the 6 months of follow-up.

Laboratory analysis

Blood samples from each participant were run in the same
analysis at Cardiovascular Research Associates, Inc., Boston,
MA, as specified in the manufacturer’s procedural docu-
mentation. Total cholesterol, TG, and HDL-C were measured
by an enzymatic end point assay (Roche Diagnostics, In-
dianapolis, IN) on a Roche Diagnostics Hitachi 911 chemistry
analyzer. High-sensitivity C-reactive protein (hsCRP) was
measured by a turbidometric immunoassay (Wako Chemi-
cals, Richmond, VA) on a Roche Diagnostics Hitachi 911
chemistry analyzer. Insulin was measured by a solid-phase,
two-site chemiluminescent immunometric assay on an auto-
mated immunoassay system, (IMMULITE� 1000, Diagnostic
Product Corporation, Los Angeles, CA). Glucose was mea-
sured by a coupled enzymatic kinetic assay on an automated
clinical chemistry analyzer (Olympus AU400, Olympus
America Inc., Melville, NY), according to Stein.19 Carotenoids
were extracted from plasma with hexane and analyzed by
reversed-phase high-performance liquid chromatography
(HPLC) using the method of Hess et al.20 as modified by
El-Sohemy et al.21 Carotenoids are detected at a wavelength
of 300 nm.

Statistical analysis

This study was sized to provide 80% power in detecting a
difference of 40% (80% vs. 40%) of women who achieved a
weight loss of 5% on their respective diets. This calculation
resulted in 28 subjects each of whom was assessed on both
diets in the crossover trial design. We followed the crossover
trial analysis approach of Pocock22: (1) paired t tests com-
paring baseline to end point differences in outcomes between
the two diet trials, (2) tests for a period effect, that is, if out-
comes differ between the first administered vs. second ad-
ministered trial, independent of diet type (independent
samples t test), and (3) tests for interaction between treatment
and period; that is, for each outcome, does the difference in
treatment effect differ by period (independent samples t test)?
For outcomes where significant period=interaction effects
were found, we tested for a diet effect by comparing the pa-
tients who consumed the NCI diet first with the patients who
consumed the PBOO diet first, using the independent sam-
ples t test.

We used the chi-square test to compare the percent of
women who achieved a weight loss of �5% between the two
diets (first-consumed diet only). We used an alpha probability
of 0.05 as the threshold for statistical significance in two-tailed
comparisons. Means are presented with standard deviations
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(SD) throughout. All statistics were performed with Stata v. 8
(Stata Corp., College Station, TX).

The protocol was approved by the Internal Review Board
of a Brown University Medical School teaching hospital.
Participants signed informed consent.

Results

Forty-four women started the protocol, with 28 women
completing the two 8-week periods of weight loss. Seven
dropouts occurred during the NCI diet because of the sub-
jects’ inability to reduce their average dietary fat to <30%.
Four of the 5 dropouts during the PBOO diet could not con-
sistently include at least 3 tablespoons of olive oil daily; 1
woman dropped out during the PBOO diet because of an
unwillingness to follow the protocol. Three women dropped
out because of prescribed changes in their lipid-lowering
medicines, and 1 had an unscheduled vacation.

Baseline characteristics of those completing both diets are
presented in Table 1. Twenty-five of the 28 women qualified
by BMI. The 3 women who qualified by weight gain from age
18 years had a mean BMI of 23.6� 1.1 kg=m2 (mean gain
10.4� 0.45 kg, range 10.0–10.9 kg). Thirteen (46%) of the 28
women reported weight gain from diagnosis through cancer
treatment (mean 6.7� 4.0 kg, range 1.4–15.9 kg). The average
baseline BMI for the women who did not gain weight from
diagnosis through cancer treatment was 27.8� 3.1 kg=m2.
Fifteen subjects received chemotherapy and 26 received ra-
diation therapy as part of their treatment.

The change in anthropometrics and laboratory variables for
each diet are presented in Table 2. The paired t test on percent
change in body weight reveals a near significant trend for
greater weight loss on PBOO; however, this analysis is
skewed by a significant period effect ( p< 0.001). Paired t tests
performed separately for each period reveal that percent
weight change was significantly greater for NCI vs. PBOO
when NCI was consumed first (n¼ 13) (4.6� 1.5 NCI vs.
3.1� 1.7 PBOO, p¼ 0.001) and significantly greater for PBOO
vs. NCI when PBOO was consumed first (n¼ 15) (3.3� 2.2
NCI vs. 6.5� 1.6 PBOO, p< 0.001). Because of the significant
period effect, and a near significant treatment-period inter-
action effect ( p¼ 0.10), we further analyzed percent weight
change (and baseline variables) using only results from the
first-administered diet for each subject. This showed that 12 of
15 women (80%) achieved a weight loss of� 5% on the PBOO
diet compared with 4 of 13 (31%) on the NCI diet ( p< 0.01).
Further, whereas no baseline measures differed between the
two groups (Table 3), the 15 PBOO subjects exhibited signif-

icantly greater percent weight loss than the 13 NCI subjects
(4.6� 1.5 NCI, 6.5� 1.6 PBOO, p< 0.01). There was no dif-
ference in change in fat-free mass, despite differences in re-
ported intake of dietary protein (Table 3).

The diets followed in this report are shown in Table 4.
During week 8 of the PBOO diet, 11 women reported eat-
ing �1500 kcal (range 1510–1855 kcal), and 2 reported eating
<1200 kcal. For the NCI diet, 18 women reported eating
<1200 kcal during week 8 (range 790–1160 kcal), and 2 re-
ported eating �1500 kcal. The average weekly dietary fat
intake during the NCI diet was 89.7� 44.8 g (range 11.8–
225.0 g). The average weekly olive oil intake was 24.4� 3.5
tablespoons (range 19.8–38.6).

Of the 28 women who completed both weight loss diets, 22
were eligible for the follow-up study; funding for the grant
that supported the study ended when the remaining 6 women

Table 1. Baseline Characteristics of 28 Participants

Completing Two 8-Week Periods of Weight Loss

Characteristic Mean Range

Age (years) 59.2� 6.1 52–73
BMI (kg=m2) 27.9� 2.8 22.5–33.0
Percent body fat 41.6� 4.6 32.6–50.2
Percent fat-free mass 58.6� 5.1 49.8–72.4
Waist (cm) 87.1� 8.5 71.9–103.8
Hip (cm) 108.4� 6.4 97.4–123.5
Weight gain from age

18 years (kg)
17.3� 8.9 �2.3–37.0

Table 2. Anthropometrics and Laboratory Variables

for 28 Participants Completing Two 8-Week

Periods of Weight Loss

Change NCI PBOO p

Body weight (kg) �2.7� 1.4 �3.6� 1.9 0.05a

Body weight (%) �3.9� 1.9 �4.9� 2.4 0.06b

Waist (cm) �2.6� 1.7 �3.4� 3.2 0.25
Hip (cm) �1.8� 2.5 �2.9� 2.5 0.13
Body fat (%) �1.4� 1.4 �1.9� 1.8 0.28
Fat-free mass (%) þ1.1� 1.7 þ1.9� 1.8 0.12
Total cholesterol (mg=dL) 188� 19 191� 21 0.38
Triglycerides (mg=dL) 105� 46 96� 37 0.06
HDL-C (mg=dL)) 64� 13 68� 12 0.001
LDL-C (mg=dL) 103� 18 103� 22 0.82
Glucose (mg=dL) 91� 8 91� 8 0.56
Insulin (mU=mL) 11� 4 10� 3 0.18
C-reactive protein (mg=L) 12.68� 1.5 10.99� 10.99 0.11

Total carotenoids (mg=dL) 137� 35 140� 36 0.67

aComparisons by paired t test.
bDiet order effect; see Results.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; NCI, National Cancer Institute diet; PBOO,
plant-based olive oil diet.

Table 3. Comparisons of Baseline Variables

(by Independent Samples t Test) Between 13 Subjects

Who Consumed NCI Diet First Versus 15 Subjects

Who Consumed PBOO Diet First

Baseline measure NCI PBOO p

Age 58.0 (5.3) 59.7 (7.0) 0.49
BMI 27.1 (2.6) 28.6 (2.9) 0.18
Percent body fat 39.8 (6.0) 42.6 (4.7) 0.23
Percent fat-free mass 59.7 (5.7) 57.7 (4.4) 0.29
Height (cm) 162.4 (6.2) 161.9 (5.2) 0.82
Waist 85.1 (7.7) 89.2 (9.7) 0.27
Hip 107.2 (6.3) 109.9 (6.7) 0.29
Weight at 18 years (kg) 120.3 (12.0) 125.0 (19.5) 0.48
Weight gain from 18 years (kg) 16.7 (6.7) 17.8 (10.8) 0.75
Weight, fat 60.4 (13.6) 72.1 (15.4) 0.09

BMI, body mass index; NCI, National Cancer Institute diet; PBOO,
plant-based olive oil diet.
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would have entered follow-up. Nineteen (86%) of the 22
women chose the PBOO diet for follow-up. Among the 3 se-
lecting the NCI diet, 2 dropped out after 1 month of follow-up.
Thus, of the 20 women who completed the entire protocol,
19 followed the PBOO diet as prescribed for the 6 months
of follow-up (Table 5). Laboratory values after 6 months of the
PBOO diet compared with the values after the second trial of
weight loss are presented in Table 6. Total blood carotenoid
levels were significantly increased after 6 months on the
PBOO diet compared with the end of weight loss. The increase
in total cholesterol after 6 months of the PBOO diet was pri-
marily due to a further increase in HDL-C.

Discussion

These results provide evidence that a PBOO diet may be
more efficacious for weight loss in breast cancer survivors
than a standard lower-fat diet. Both the lower-fat diet re-
commended by the NCI and the PBOO diet produced weight
loss, but significantly more women (80%) lost at least 5% of
their baseline weight when their first 8 weeks of weight loss
diet were on the PBOO diet than when their first diet was the
NCI (31%). In addition, the PBOO diet was clearly favored by

the women as a diet they would use long term; more women
chose it for the 6 months of follow-up, and all 19 who chose it
completed the 6 months of follow-up and either maintained
their weight loss or lost additional weight. Support for the
greater acceptability of the PBOO diet compared with the NCI
diet comes from anecdotal comments from the participants
who offered that (1) the PBOO diet was substantially more
palatable than the lower-fat NCI diet, (2) they were not hun-
gry between meals on the PBOO diet, yet they were losing
weight, (3) the PBOO diet was easier to prepare, and (4) the
PBOO diet was very economical. A future study will include a
tool to better measure these attributes.

The NCI lists high-calorie, high-fat diets as risk factors for
recurrence of breast cancer,3 although not all studies conclude
that dietary fat increases cancer risk.13 The Women’s Health
Initiative (WHI) study was designed to determine if a low-fat
diet would reduce breast cancer risk, and the results were that
it did not.4 Participants in the WHI study did not achieve the
goal of a 20% fat diet, and the authors suggest that this may
have affected the results. As diets with <20% dietary fat have
been related to an increase in breast cancer risk,13 it may have
been providential that the women were not able to eat lower-
fat diets. Results from trials testing the effect of low-fat diets

Table 4. Mean (Standard Deviation) Reported for Each Weight Loss Diet (n¼ 28)

Week 8 3-day diet diary NCI PBOO p

Energy (kJ) 1142� 208 1466� 201 <0.001a

Percent protein 22� 4 13� 2 <0.001a

Percent carbohydrate 61� 7 46� 6 <0.001a

Fiber (g)=1000 calories 19� 4 21� 5 0.08a

Percent total fat 21� 6 47� 5 <0.001a

Total grams of fat 27� 10 77� 11 <0.001a

Weekly average intake from daily records
Vegetable 21.6� 6.1 29.9� 5.4 <0.001b

Fruit 16.9 � 6.8 16.4� 5.6 0.65b

Fruit and vegetables 38.6� 9.3 46.3� 7.7 <0.001b

Whole grains 21.9� 6.1 22.8� 5.8 0.56b

aComparisons by paired t test.
bComparisons by Wilcoxon signed rank test.
NCI, National Cancer Institute diet; PBOO, plant-based olive oil diet.

Table 5. Mean (Standard Deviation) Diet Reported for Week 8 of PBOO Versus After 6 Months (n¼ 19)

3-day diet diary Week 8 6 months pa

Energy (kJ) 1462� 203 1446� 244 0.80
Percent protein 13� 2 14� 3 0.89
Percent carbohydrate 47� 7 48� 5 0.70
Fiber (g)=1000 calories 20� 5 18� 4 0.20
Percent total fat 47� 5 42� 5 0.01
Weekly average intake from daily records pb

Extra virgin olive oil (Tablespoons) 24.4� 3.5 20.9� 4.4 0.001
Fruit (servings) 16.4� 5.6 16.8� 8.5 0.76
Vegetables (servings) 29.9� 5.4 28.9� 6.8 0.29
Fruit and vegetable (servings) 46.3� 7.7 45.6� 11.7 0.72
Whole grains (servings) 22.8� 5.8 22.6� 7.6 0.92

p-values should be interpreted as an index to the strength of relationship only, as tests may be underpowered to form conclusions
of statistical significance.

aComparisons by paired t tests.
bComparisons by Wilcoxon signed rank test.
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on recurrence have been mixed. The Women’s Intervention
Nutrition Study (WINS) results indicated that a low-fat diet
that leads to weight loss improves relapse-free survival.6

However, the Women’s Healthy Eating and Living (WHEL)
study, which also included a low-fat diet, did not reduce
breast cancer recurrence or mortality.5 Other studies have
concluded that low-fat diets are not easily followed long
term.7,23

The PBOO diet is a version of a Mediterranean diet, a tra-
ditional diet that has been associated with lower rates of
breast cancer for more than 20 years.24 Recent studies have
indicated that a Mediterranean diet pattern in U.S. women is
also related to a reduction in breast cancer risk.25,26 It is
commonly thought that diets higher in fat are not healthy for
women who have had breast cancer. In fact, this bias initially
made recruitment for this study difficult. However, physician
referral increased considerably during the last year of funding
when women were consistently losing and maintaining their
weight loss while on the PBOO diet.

The relationship of dietary fat to breast cancer and health is
likely dependent on the food that is the source of fat and not
the actual fat content. For example, meat, even lean red meat,
is a source of fat, and frequent meat consumption has been
related to an increased risk of breast cancer,27–29 yet the NCI
does not recommend limiting meat. Meat consumption has
also been related to an increased risk of obesity.30,31 The effect
of polyunsaturated fats on breast cancer risk may depend on
the type of fat. Both higher intake17,18 and breast tissue con-
tent32 of omega-6 fatty acids have been positively related to an
increased risk of breast cancer, whereas the ratio of tissue
content of omega-3=omega-6 has been inversely related to
risk.33 All polyunsaturated fatty acids are prone to oxida-
tion,34 however, and women with breast cancer have elevated
oxidation compared with women without breast cancer.35

Monounsaturated fats will not oxidize, theoretically making
them a healthier choice for people with cancer. If the health
benefits of olive oil were due to the monounsaturated fat
content, olive oil and canola oil would be interchangeable.
However, extra virgin olive oil has components beyond
monounsaturated fat, not present in canola, that can decrease
cancer risk. Extra virgin olive oil contains more alpha-to-
copherol, the form of vitamin E that acts as an antioxidant,
than other oils36 and other phenolic antioxidants, including
simple phenols (hydroxytyrosol, tyrosol), aldehydic secoir-

idoids, flavonoids, and lignans (acetoxypinoresinol, pinor-
esinol).37 Lignans have also been shown to favorably
influence estrogen metabolism,38 and high intakes of lignans
have been related to decreasing breast cancer risk.38–40 In
addition, extra virgin olive oil contains squalene,41 which has
been shown to be a tumor inhibitor.42 It has been suggested
that the squalene content of olive accounts in large part for the
association of olive oil with diminished cancer risk.42,43 Olive
oil is the only fat whose consumption has been related to
decreasing breast cancer risk.13

Diets high in plant products are generally related to better
health. Vegetarians have been shown to weigh less44,45 and
have better health, with fewer chronic diseases, compared
with omnivores.46,47 Many studies have shown the cancer
protective properties of phytonutrients in a variety of plant
products, although studies examining the relationship of
vegetable and fruit consumption to breast cancer risk have
had mixed results.48 The lack of consistency in showing that
plant products protect from breast cancer may be related to
how the plant products were prepared before being con-
sumed. For example, both intake of carotenoid-containing
vegetables and fruits49 and higher blood carotenoids50 have
been related to decreasing breast cancer risk. The NCI spe-
cifically recommends consuming ‘‘dark orange sources of
produce to reduce the risk of cancer recurrence and death.’’3

However, carotenoids require dietary fat to be absorbed,51

and the NCI encourages lower-fat diets. Cooking in dietary fat
maximizes carotenoid absorption,52 which may help explain
some of the relationship of the Mediterranean diet to lower
rates of cancer; people in countries following the Mediterra-
nean diet typically eat vegetables cooked in olive oil. Al-
though there was no difference in blood carotenoid levels
after the two weight loss diets, the higher-fat PBOO diet in-
creased blood carotenoids after 6 months, compared with the
values at the beginning of the follow-up period. This suggests
that sufficient time is needed to increase blood carotenoid
levels. Clearly, carotenoid-rich foods should be consumed
with dietary fat to reduce cancer risk. Diet recommendations
for decreasing breast cancer risk and recurrence should in-
clude this information.

The women reported eating more total energy and dietary
fat while on the PBOO diet, yet they lost more weight on the
PBOO diet than on the NCI lower-fat diet. This was also ob-
served in the pilot studies of the PBOO diet15,16 and in the

Table 6. Comparisons of Variables from End of Second Diet to After 6 Months (n¼ 19)

End of weight loss After 6 months pa

Weight (kg) 67.97� 8.81 66.88� 8.72 0.07
Total cholesterol (mg=dL) 193� 22 202� 32 0.01
Triglycerides (mg=dL) 100� 31 90� 29 0.19
HDL-C (mg=dL) 65� 11 73� 13 <0.001
LDL-C (mg=dL) 108� 22 111� 27 0.31
Glucose (mg=dL) 91� 7.7 90� 7.0 0.87
Insulin (mU=mL) 10.4� 3.8 9.9� 3.4 0.40
C-reactive protein (mg=L) 1.46� 1.4 1.46� 1.4 0.99
Total carotenoids (mmol=L) 134� 29 150� 42 0.02

p-values should be interpreted as an index to the strength of relationship only, as tests may be underpowered to form conclusions
of statistical significance.

aComparisons by paired t tests.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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participants in the Dietary Intervention Randomized Control
Trial (DIRECT).8 Weight loss diets that allow more food
would be more appealing, as they should create less hunger.
The women also reported eating less protein on the PBOO diet
compared with the NCI diet, yet fat-free mass was not detri-
mentally affected.

As expected, the PBOO diet lowered triglycerides and
raised HDL-C relative to the NCI diet. It was anticipated that
the PBOO diet would result in lower insulin levels, as extra
virgin olive oil has been shown to lower insulin,53 but this did
not occur. Possibly, the greater restriction of energy for some
of the participants on the NCI diet obscured potential diet
composition differences.

Conclusions

Weight loss can be achieved with a variety of diets. Ideally,
weight loss diets should comprise primarily foods that im-
prove health. The PBOO diet tested in this study was designed
to contain primarily foods that the literature has found to
improve health. The women in this study reported the PBOO
to be appetizing, and the foods included were readily avail-
able and affordable. Future studies incorporating more par-
ticipants and longer diet periods could further illuminate
weight management and health benefits.
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