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Abstract.
BACKGROUND: Lipids, inflammation, oxidative stress and elevated blood pressure are targets for lowering cardiovascular
disease (CVD) risk with a healthy diet.
OBJECTIVE: We tested the effect of tomato products, dietary sources of lycopene and potassium, on changes in
lipids/lipoproteins, inflammation and blood pressure.
METHODS: In a two-center, randomized, parallel, controlled trial, processed tomato or non-tomato products matched in
energy, sodium, and sugar content (HT = high tomato, 5 servings/day vs LT = low tomato/control, <1 serving/day, respectively)
were included in the diets of free-living overweight men and women 21 to 70 years of age (n = 53) for 6 weeks. All subjects
had a 3-week LT run-in followed by either 6-week HT or LT/control diet. A random subset of 23 subjects had 2 postprandial
(6 hour) visits at weeks 0 and 6 to assess the enduring effects of the HT vs LT diets on high fat meal-induced changes in
lipids, insulin, glucose, inflammation, and blood pressure.
RESULTS: Fasting lipids/lipoproteins, insulin, glucose and C-reactive protein did not differ between the HT vs LT diets after
6 weeks intervention. Diastolic blood pressure was significantly decreased on the HT diet after 6 weeks compared to baseline,
week 0 (p = 0.02) and compared to LT at week 6 (p = 0.03). Systolic blood pressure was not different between treatments
at 6 weeks (p = 0.11). Tomato-associated effect sizes on blood pressure were greater in a sub-set of subjects with elevated
blood pressure but were not statistically powered to reveal a significant effect between LT and HT treatments; however, the
effect on lowering diastolic blood pressure remained, p < 0.05 compared to baseline). Chronic intervention with processed
tomatoes did not impact postprandial glucose, insulin, lipids or inflammatory marker responses to a high fat meal challenge
at the end of the study (n = 23).
CONCLUSIONS: Processed tomatoes decreased diastolic blood pressure, but had no significant effects on other endpoints.
Future research is required to confirm and potentially extend these findings in individuals with elevated blood pressure.
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1. Introduction

The mechanisms of the cardiovascular benefits of
tomatoes and lycopene are not fully understood; how-
ever, there is evidence that tomatoes and lycopene
decrease risk factors for CVD [1]. Women consum-
ing 10 or more tomato-based food products each
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week, compared with those consuming less than 1.5
servings per week had modest, but statistically signif-
icant improvements in total cholesterol, the TC:HDL
cholesterol ratio, and hemoglobin A1c [2]. These epi-
demiological findings are supported by recent clinical
trial evidence showing improvements in lipids and
lipoproteins after chronic consumption of tomato
products including total cholesterol [3], LDL choles-
terol [3], and HDL cholesterol [4]; however, several
others have shown no effect [5–7]. Similarly, effects
on emerging risk factors of CVD have been doc-
umented including increased endothelial function
[8], and decreased oxidized LDL [5], and inflam-
mation [9] after chronic or acute consumption of
tomato products [10, 11], or lycopene supplements
[9]. However, the results are mixed with several stud-
ies reporting no measurable effect [12–14]. A major
drawback of many of studies is lack of appropri-
ate controls. A review examining the efficacy of
lycopene supplements and tomato products on inter-
mediate cardiovascular risk factors found variation in
response profiles depending on endpoints measured,
study design, comparator controls, among other fac-
tors; and highlighted the need for more research,
particularly controlled trials to better understand
the potential effects of tomato intake on CVD risk
factors [1].

Processed tomato products contain appreciable
amounts of the antioxidant lycopene, along with other
nutrients associated with CVD risk reduction, such as
beta-carotene, potassium and fiber [15]. The present
study is a subset of a larger study exploring various
outcome variables associated with CVD risk in over-
weight adult men and women who included tomato
or non-tomato products equivalent in energy, sodium
and sugar in their free-living, self-selected diets for
six weeks. This report describes the effects of reg-
ular consumption of processed tomato products on
fasting blood lipids/lipoproteins, inflammatory status
and blood pressure. In addition, the study assessed the
ability of chronic tomato consumption (background
tomato diet) to minimize the metabolic, oxidative and
inflammatory stresses induced by a high fat meal at
the end of six weeks of high vs low tomato intake.

2. Materials and methods

The Human Subjects Research Committee of the
University of California, Davis (UCD), California,
USA and the Pennsylvania State University (PSU),
University Park, Pennsylvania, USA approved the

research trial. The trial was conducted at UCD and
PSU in accordance with the Helsinki Declaration of
1975 as revised in 1983. All subjects signed a writ-
ten informed consent form before any study-related
procedures were performed. The trial is registered at
ClinicalTrials.gov NCT00937742.

2.1. Subjects

Participants were recruited through flyers and
online media outlets in Davis and Sacramento,
California, and in State College/University Park,
Pennsylvania areas. Each site aimed to enroll 27
subjects with the intent of having 50 subjects com-
plete the study. Eligible subjects were adults (21–70
years of age) overweight or obese (BMI 25–35 kg/m2

inclusive, calculated from the average of two body
weight assessments in kg using a calibrated digital
scale and the average of two height measurements in
meters using a standard wall-mounted stadiometer)
men and women. Exclusion criteria included: smok-
ing (current smoker determined through survey and
interview), elevated fasting glucose (>126 mg/dL) or
taking medication(s) such as lipid or blood pres-
sure lowering, hormone replacement therapy or
anti-inflammatory medications or dietary supple-
ments that would interfere with outcomes of our
study. Potential participants with known allergy or
intolerance to tomatoes, or who had documented
atherosclerotic disease, inflammatory disease, dia-
betes mellitus, or any other disease were also not
eligible. Fifty-four men and women met study cri-
teria and were enrolled in the study. Two subjects
dropped out early. Twenty-six (n = 26) subjects par-
ticipated in the acute postprandial study, of which 23
had evaluable data for the analyses.

2.2. Study design

This was a 2-center, 2-arm, randomized, treatment-
controlled, parallel design human trial to evaluate the
effect of chronic and acute consumption of processed
tomatoes on risk factors for CVD. Participants were
randomized based on a computerized randomization
schedule for each site to either a high tomato intake
group (HT) or a low tomato intake group (LT) for
6 weeks after a 3-week run-in period of low tomato
consumption. Fasting blood samples were collected
and blood pressure was measured at randomization
(week 0) and at the end of 6 weeks intervention. Blood
pressure was recorded after a 10-minute period of rest
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Fig. 1. Study Schema – 3 week Run-in followed by 6 weeks high tomato (HT) or low tomato (LT) diet. Fasting blood samples collected
before and after chronic intervention (BD, fasting blood draw). A postprandial study (PP) of the response to a high fat meal over 6 h was
conducted before and after respective HT or LT interventions. PP sampling times were 0 (fasting), 30, 60, 90, 120, 180, 240, 300, 360 min.
RDM, Randomization.

Table 1

Foods consumed during 6-week intervention

Food Sequences Serving Total Dry Lycopene ß-Carotone Vitamin C Total Phenols
Size Weight (g) (mg/serv) (�g/serv) (mg/serv) (mg/serv)

High Tomato (HT)
1Tomato Juice∗ 1/2c 14.8 33.2 ± 1.3 339 ± 14 21.5 ± 0.2 145 ± 8
2Tomato Sauce∗ 1/2c 16.8 37.5 ± 0.2 346 ± 3 7.5 ± 0.1 153 ± 2
3Spaghetti Sauce∗ 2 1/2Tbsp 17.9 37.0 ± 0.0 309 ± 40 8.2 ± 0.1 169 ± 2
4Diced Tomatoes∗ 1/2c 23.3 40.1 ± 0.2 382 ± 8 18.8 ± 0.0 207 ± 1
5Tomato Soup∗ 2/3c 29 31.6 ± 1.4 339 ± 1 19.1 ± 0.0 208 ± 8
6Ketchup + 7Salsa∗ 6Tbsp, 2Tbsp 35.4 48.3 ± 0.8 464 ± 3 9.2 ± 0.1 215 ± 1
Low Tomato (LT)
8Yoshida’s Gourmet Sauce 2 1/2Tbsp 30.7 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 138 ± 2
9Sierra Mist + 10Table Salt 8oz, 1/2tsp 36.6 0.0 ± 0.0 0.0 ± 0.0 8.3 ± 0.2 76 ± 2
11Applesauce + 12Vegetable Broth 1/2c, 1 1/2c 28.5 0.3 ± 0.0 271 ± 14 17.9 ± 0.2 152 ± 2

∗5.5 oz of tomato paste was also consumed and included in food chemistry analysis. 1Vegetable Juice, Campbells, Camden, NJ; 2Tomato
Sauce, Pacific Coast Producers, Woodland, CA; 3Spaghetti Sauce, H.J. Heinz Company, Pittsburgh, PA; 4Diced Tomatoes, DelMonte Foods,
San Francisco, CA; 5Tomato Soup, Campbells, Camden, NJ; 6Ketchup, H.J. Heinz Company, Pittsburgh, PA; 7Salsa, Campbells, Camden,
NJ; 8Yoshida’s Gourmet Sauce, H.J. Heinz Company, Pittsburgh, PA; 9Sierra Mist, Purchase, NJ; 10Table Salt, JLW Foods, Virginia Beach,
VA; 11Applesauce, Mott’s Inc, Rye Brook, NY; 12Vegetable Broth, Campbells, Camden, NJ.

in the sitting position with legs uncrossed and feet
flat on the floor by a study designated nurse at each
site who was unaware of the diet randomization. Two
measurements were obtained with an interval of 5
minutes between measurements and the second mea-
surement used for analysis. Subjects participating in
the acute postprandial study consumed a non-tomato
containing high fat test meal after an overnight fast
at the beginning of week 1 (day 0) and again at week
6; and blood was collected at pre-designated inter-
vals for 360 min (6 h) at each visit. This part of the
study was included to explore the potential effect of
the tomato diet (background diet) to modify acute
responses to a high fat-challenge meal when tomatoes
are not consumed with the meal (Fig. 1).

2.3. Experimental diets

Participants were counseled by study dietitians
throughout the trial to consume a very low/no tomato
diet for 3 weeks during the run-in (<300 g/week)
and to incorporate study foods (Table 1) into their
diets after randomization. The HT diet required par-
ticipants to consume ∼200 g/d or 1400 g/week of
tomato products (∼75–80% of total fruit and veg-
etable intake) and the LT diet required participants
to consume non-tomato control foods (Table 1);
matched for energy, sodium and sugar content of
HT products) and limit tomato products (<40 g/d
or <300 g/week 0, ∼15–20% of total fruit and veg-
etable intake). Participants also were counseled to
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Table 2

Nutrient profile of postprandial challenge meal1

High fat challenge meal (714 kcal)

Total Fat (g) 49.1
SFA (g) 7.9
MUFA (g) 11.7
PUFA (g) 27.4

CHO (g) 56.3
Protein (g) 14.3
Fiber (g) 4.7
Cholesterol (mg) 12
Sodium (mg) 1083

1Values derived from United States Department of Agriculture
Agricultural Research Service National Nutrient Database for
Standard Reference Release 28, http://ndb.nal.usda.gov/ [15].

lower their total sodium intake consistent with current
dietary recommendations.

In addition to the random assignment to either
the HT or LT groups, participants were ran-
domly assigned to a treatment sequence relevant to
study-product distribution. Assignment to the HT
intervention required all subjects to consume tomato
paste (∼150 g/d) plus a companion tomato product
that was rotated in the diet on a weekly basis per the
sequence assignment. The processed tomato compan-
ion products are shown in Table 1.

The postprandial study included the consumption
of a high fat test meal comprised of a plain bagel
(35 g), fat free cream cheese (15 g) and a vanilla
flavored dairy cream and ice shake (Table 2).
Participants in the postprandial study consumed the
challenge meal for breakfast after an overnight fast
and blood samples were collected at timed intervals
before and after meal consumption. Blood collection
occurred at 0 time (fasting) and 30 minutes and
then hourly thereafter to 6 h. All blood samples
in the fasting state were collected using butterfly
needles and postprandial samples were collected
via indwelling catheters placed and maintained by a
registered nurse. Blood samples were collected into
EDTA containing tubes and immediately placed on
ice and centrifuged to obtain plasma within 1 h.

2.4. Biochemical analysis

Plasma from blood collections were stored at
–80◦C until analyzed for lipids/lipoproteins, glu-
cose, insulin, high sensitivity (hs)-C Reactive Protein
(CRP), Interleukin (IL)-1�, IL-6, tumor necrosis fac-
tor (TNF)-�, intracellular- and vascular- adhesion
molecules (ICAM and VCAM), and plasminogen

activator inhibitor (PAI)-1. High sensitivity assay
systems were used for the measurement of hs-CRP,
IL-1�, IL-6, TNF- �, ICAM and VCAM (R&D sys-
tem, Minnesota, USA). PAI-1 was measured using
kits purchased from American Diagnostics (Green-
wich, USA). Plasma lipids/lipoproteins and glucose
were analyzed using Automated Clinical analyzer
(Daytona, Randox, Co. Antrim, UK) using enzy-
matic methods (Randox Assay kits, Antrim, UK), and
insulin was measured by AlphaLisa Method (Perkin
Elmer, Shelton, Connecticut, USA). Samples with
greater than 10% CV were repeated.

2.5. Food chemistry

All food product combinations were analyzed
chemically for vitamin C, lycopene, �-carotene and
total phenols. Each component was analyzed using
published methods [16–20]. Briefly, 0.3–0.5 g of food
samples were extracted with appropriate solvents and
prepared for analysis by HPLC. Ascorbic acid was
detected with a UV detector at 258 nm. Lycopene
was detected at 472 nm and �-carotene was detected
at 450 nm. For both lycopene and �-carotene,
analyses utilized YMC C30 Carotenoid columns
(4.6 × 250 mm). Total phenolics were measured on
sample test foods according to the Folin-Ciocalteu
assay as described from the method of Singleton [19].
Total phenolics were expressed as milligrams of gal-
lic acid equivalents per gram of sample and calculated
to mg/serving (Table 1).

2.6. Statistical analyses

Two-sample t-tests were used to test for demo-
graphic differences between high tomato and low
tomato groups. The mixed models procedure (PROC
MIXED) was used to test treatment, time, and treat-
ment by time interactions on the concentrations
of various laboratory variables and blood pressure.
Repeated measurements were performed for the post-
prandial study. Area under the curve analysis using
the trapezoidal method was used where appropriate.
Gender and study center were included as fixed fac-
tors in the model. Age and BMI were included as
covariates in the model. The Shapiro-Wilk (W) test
for the residuals was used to test for the normality
of each variable. A W statistic >0.90 was accepted
as normally distributed. Variables not meeting these
criteria were log transformed prior to analysis. Tukey-
Kramer adjusted P values were used to determine

http://ndb.nal.usda.gov/
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Table 3

Screening characteristics of enrolled participants1

Parameters All participants HT Group2 LT Group2

(n = 54) (n = 30) (n = 24)

Age 44.1 ± 13.1 45.0 ± 14. 5 43.0 ± 11.3
BMI (kg/m2) 29.4 ± 3.9 29.9 ± 4.6 28.8 ± 2.7
Systolic BP (mmHg) 118.8 ± 14.0 115.5 ± 13.3∗ 123.0 ± 14.0
Diastolic BP (mmHg) 78.6 ± 8.6 77.3 ± 8.7 80.2 ± 8.3
TC (mg/dL) 194.5 ± 39.5 203.8 ± 39.7 182.8 ± 36.8
LDL-C (mg/dL) 121.2 ± 35.3 129.8 ± 35.7∗ 110.5 ± 32.4
HDL-C (mg/dL) 49.4 ± 15.5 50.1 ± 15.9 48.5 ± 15.2
TG (mg/dL) 119.3 ± 63.4 119.2 ± 64.5 119.4 ± 63.3
TC:HDL-C 4.3 ± 1.6 4.5 ± 1.6 4.2 ± 1.7
Glucose (mg/dL) 90.9 ± 8.8 92.4 ± 9.3 89.0 ± 7.8
hs-CRP (mg/L) 2.3 ± 2.6 1.9 ± 2.2 2.7 ± 3.0

1Data are given as means ± SD; 2HT: High Tomato diet Group; LT: Low Tomato diet Group; ∗p < 0.05 compared to LT group.

whether the differences in the outcome variables were
significant. P ≤ 0.05 was considered statistically dif-
ferent and P ≤ 0.10 indicated a trend for significance.
All statistical analyses were performed using SAS
for WINDOWS, release 9.1.3 (SAS Institute, Cary,
North Carolina).

A sample size of 50 subjects completing the study
was based on power calculations to provide suffi-
cient statistical power (>80%) to test the primary
hypothesis of the main study, which inferred a supe-
riority effect of frequent high tomato consumption
compared to low tomato consumption on improv-
ing endothelial relaxation and platelet aggregation
endpoints. For the present report which describes
the results of secondary outcomes, power ranged
in sufficiency depending on variance. This sample
size allows for sufficient power to detect reasonable
changes in total cholesterol (8% assuming baseline
of 200 mg/dL) and LDL cholesterol (8% difference
based on baseline of 115 mg/dL) and estimating an
SD of ∼10–15%. A completer set of 50 subjects
would also allow detection of an 8% difference in
systolic blood pressure assuming mean baseline of
120 mmHg and standard deviation of 10%.

3. Results

3.1. Subject characteristics

The mean age and BMI for the group at screen-
ing (n = 54: n = 35 women and n = 19 men) was
44 ± 13 y and 29 ± 4 kg/m2, respectively. Among the
group of women, nine were over the age of 50 y.

Mean screening body weight and height and fast-
ing lipid/lipoprotein and glucose concentrations are
presented in Table 3.

3.2. Nutrient analysis of dietary intervention

Foods consumed in study were analyzed for vita-
min C, �-carotene, lycopene by HPLC and total
phenols by the Folin-Ciocalteu assay (Table 1). Low
and high tomato food products all contained phenols
with a range of 76–215 mg per serving. Vitamin C was
present in all food products except for the Yoshida’s
Gourmet Sauce. All high tomato products contained
an appreciable amount of �-carotene that ranged from
309–464 �g/serving, while the low tomato prod-
ucts did not contain any �-carotene except for the
Applesauce + Vegetable Broth food product with
207 �g/serving. The LT products contained no mea-
surable lycopene while the HT products contained
lycopene in the range of 31.6 – 48.3 mg/serving.
All tomato products also contained appreciable
amounts of potassium [15], adding approximately
1750–1850 mg /study serving to the diet.

3.3. Changes in fasting laboratory variables
after 6 weeks of high or low tomato intake

Daily intake of tomato products for 6 weeks did not
significantly affect fasting plasma lipid/lipoprotein,
glucose, or insulin concentrations or fasting mark-
ers of inflammation (hs-CRP, IL-1�, IL-6, TNF- �),
fibrinolysis (PAI-1) or endothelial function (ICAM,
VCAM) (Table 4).
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Table 4

Fasting concentrations at week 0 (baseline) and after 6-wk high tomato (HT) or low tomato (LT) diet1,2

Parameters Baseline2 HT Baseline2 LT 6-wk HT 6-wk LT
(n = 28)3 (n = 24) (n = 26)4 (n = 23)4

TC (mg/dL) 205.7 ± 6.8 196.0 ± 8.6 198.7 ± 7.8 202.1 ± 9.1
LDL-C (mg/dL) 115.2 ± 6.3 105.7 ± 7.0 110.0 ± 5.4 113.1 ± 8.0
HDL-C (mg/dL) 66.5 ± 3.6 61.7 ± 3.3 61.6 ± 3.3 62.8 ± 4.7
TG (mg/dL) 119.6 ± 10.3 139.9 ± 17.2 135.7 ± 13.8 128.3 ± 11.9
Glucose (mg/dL) 93.2 ± 1.0 95.9 ± 1.5 91.2 ± 1.6 89.4 ± 1.4
Insulin (UI) 7.3 ± 0.5 8.4 ± 1.0 7.6 ± 0.8 7.9 ± 1.0
hs-CRP (mg/L) 2.0 ± 0.4 1.8 ± 0.4 1.9 ± 0.3 2.9 ± 0.6
PAI-1 (ng/mL) 36.1 ± 3.2 35.7 ± 3.9 39.1 ± 3.0 35.4 ± 4.6
IL-6 (ng/mL) 1.9 ± 0.3 2.0 ± 0.3 2.5 ± 0.5 1.7 ± 0.2
TNF- � (ng/mL) 1.9 ± 0.2 2.1 ± 0.3 1.9 ± 0.2 2.2 ± 0.3
ICAM (ng/mL) 11.2 ± 0.3 11.7 ± 0.5 11.5 ± 0.4 12.0 ± 0.5
VCAM (ng/mL) 30.5 ± 1.4 32.5 ± 1.4 31.1 ± 1.5 34.2 ± 1.8

1Data are given as means ± SE. 2Baseline data are means after 3 week low tomato intake run-in. 3Sample size reflects missing sample
for analysis (n = 2). 4Sample size reflects early drop out/lost to follow up (n = 1 per group) and three subjects in the HT group that were
removed from analysis due to outlier data explained by recent injury, n = 1 or restricted protocol-specified medication use, n = 2 prior to
blood collection.

3.4. Changes in blood pressure after 6 weeks of
high or low tomato intake

Within group mean changes from baseline to week
6 revealed a significant reduction in diastolic blood
pressure after HT intake (75.7 ± 1.5 to 72.5 ± 1.3,
p = 0.02, Table 5), but not systolic blood pressure
(114.3 ± 2.7 to 112.8 ± 2.3, p > 0.05). No within
treatment differences were evident in the LT con-
dition for systolic or diastolic blood pressure in the
total group (p > 0.05, Table 5). However, an approx-
imate 8% difference in diastolic pressure between
treatments was evident at 6 weeks (6 week HT:
72.5 ± 1.3 vs 6 week LT: 78.8 ± 2.4, p = 0.03). No
between treatment differences were observed for sys-
tolic blood pressure (6 week HT: 112.8 ± 2.3 vs 6
week LT: 119.8 ± 3.6, p = 0.11). A subset analysis of
subjects with elevated blood pressure (excluding nor-
motensive subjects) showed similar trends in the data,
except the effect size of the tomato intervention was
increased, ie., greater % reduction in blood pressure;
although fewer people in the sample compromised
power to detect a statistically significant difference
between treatments (Table 5).

3.5. Changes in postprandial laboratory
variables after 6 weeks of high or low
tomato intake

No differences in postprandial insulin or glu-
cose were observed in response to the high fat

meals after 6 weeks of HT and LT background
dietary interventions (data not shown). Postpran-
dial treatment-related effects were apparent for
cholesterol and triglycerides over time (p < 0.01);
however, area under the response curve (AUC)
revealed no significant effects between treatments
(p > 0.05, data not shown). Additionally, no differ-
ences between HT and LT background diets on
high fat meal responses were evident for hs-CRP,
TNF-� or IL-6 (p > 0.05, data not shown).

4. Discussion

In the present study we tested the chronic effects of
processed tomato products on established and emerg-
ing risk factors for CVD. In addition, we examined
the effects of chronic tomato products consumption
on cardio-metabolic risk factors in an acute challenge
meal setting, which did not contain tomato prod-
ucts. Among the recognized risk factors for CVD, we
found a modest reduction in diastolic blood pressure
(p < 0.05) after 6 weeks of tomato product inclusion
in the daily diet of overweight and obese men and
women, but no corresponding statistically signifi-
cant reduction in systolic blood pressure (p = 0.11)
compared to LT diet. Evidence of a 5% reduction
in LDL-cholesterol after the HT diet was noted
but did not meet statistical significance. Among the
metabolic and biomarkers of inflammation, no signif-
icant differences within or between treatments were
observed.



B. Burton-Freeman et al. / Processed tomatoes and cardiovascular disease risk 199

Table 5

Blood pressure at week 0 (baseline) and after 6-wk high tomato (HT) or low tomato (LT) diet1

All Participants (n = 53)

Parameters Baseline2 HT Baseline2 LT 6-wk HT 6-wk LT
(n = 30) (n = 23)3 (n = 29) (n = 23)

Systolic Blood Pressure (mmHg) 114.3 ± 2.7 122.9 ± 3.2 112.8 ± 2.3 119.8 ± 3.6
Diastolic Blood Pressure (mmHg) 75.7 ± 1.5 79.6 ± 1.5 72.5 ± 1.3†∗ 78.8 ± 2.4

Pre-Htn and Htn Sub-set (n = 28)

Parameters Baseline2 HT Baseline2 LT 6-wk HT 6-wk LT
(n = 13) (n = 15) (n = 12) (n = 14)

Systolic Blood Pressure (mmHg) 124.4 ± 3.8 129.7 ± 3.9 118.5 ± 3.7 126.3 ± 4.5
Diastolic Blood Pressure (mmHg) 83.1 ± 0.9 82.4 ± 1.8 76.9 ± 1.4† 82.4 ± 3.3

1Data are given as means ± SE. Htn, Hypertension. 2Baseline data are means after 3 week low tomato intake run-in. 3One subject had
missing blood pressure data at baseline. †p < 0.05 compared to baseline. ∗p < 0.05 compared to LT group at 6 week.

In the U.S., the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of
High Blood Pressure identified a systolic blood pres-
sure <120 mmHg and a diastolic blood pressure
<80 mmHg as being normal [21]. Prehypertension is
defined as a systolic blood pressure between 120 and
139 mmHg and/or diastolic blood pressure between
80–89 mmHg; blood pressures above these ranges are
considered hypertensive. The present study included
26 subjects who were normotensive, 24 who were
pre-hypertensive and 4 who met the criteria for hyper-
tension. The changes in blood pressure for the total
group from baseline were significantly lower for dias-
tolic blood pressure only. Previous work has indicated
that lycopene supplementation reduces systolic and
diastolic blood pressure in individuals with hyperten-
sion [22, 23]. Few studies have examined the role of
tomato intake and blood pressure changes [24-2]: two
in individuals with type 2 diabetes mellitus [24, 26]
and one in adults 40–65 y ranging in body mass index
from healthy weight to obese [25]. Only one of the
three studies reported a reduction in blood pressure
[24]; however raw tomatoes were the intervention and
differences were reported from baseline (no control
diet). Evaluation of the effects of tomato products in
a sub-set of subjects in the present study (excluding
individuals with blood pressure in the normal range)
who had elevated blood pressure revealed a greater
effect size (5% reduction in systolic blood pressure,
Table 5), but with the reduced sample size this was
not significant. Effects of tomato products on dias-
tolic blood pressure remained statistically lower from
baseline with HT intervention in the sub-set of par-
ticipants with elevated blood pressure. Future studies
are warranted to focus on blood pressure as a primary
endpoint, in a well-powered study design to address

effects of tomato products in individuals with blood
pressure in the hypertensive range as well as those at
risk (pre-hypertension) and within the normal range.
Further to this recommendation, aging imparts a sig-
nificant impact on blood pressure regulation, in part
due to age associated effects on the endothelium [27].
Hence, assessment of blood pressure changes across
age groups relative to tomato intake would provide
insight on the health promoting value of tomato intake
on blood pressure over decades of life when blood
pressure tends to rise due to age.

Postprandial benefits were evaluated using a high
fat meal challenge paradigm at the end of the 6
week intervention period to assess residual effects
of the diet. While regular intake of processed tomato
products consumption did not impact the postpran-
dial biochemical endpoints evaluated, there could
be acute benefits realized when processed tomato
products are consumed with a meal. We have previ-
ously reported a blunted meal-induced postprandial
oxidative and inflammatory stress response when
tomatoes were consumed concurrently with a high
fat meal in healthy weight adults [10]. Others have
shown decreased oxidative stress after tomato intake
in an acute meal setting [5]. Thus, certain benefits
of tomato product intake may be best realized when
tomato products and their active constituents are read-
ily available during biological stress, such as with the
dietary stress of a high fat meal. Further research is
needed to evaluate postprandial effects of processed
tomato products on key events related to the initiation
and progression of cardiovascular disease.

Strengths of the study include a robust design to
investigate the chronic effects of processed tomato
consumption, including residual benefits in an acute
meal challenge paradigm. The study used multiple
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sites and the population was representative of a group
potentially responsive to tomato products. However,
this was also a limitation because of added variance
with the wide age range and starting health status
studied. The data however do provide insight for fol-
low up in targeted populations. Other limitations of
the study included clinical vs 24 h ambulatory blood
pressure monitoring: the latter more appropriate for a
blood pressure study. However, blood pressure in the
current study was a secondary endpoint and follow
up studies may include alternative methodology for
primary endpoint assessment. Finally, the study was
fully randomized and did not match dietary groups
or sites for baseline characteristics, which may be an
approach for future studies.

In summary, our findings suggest potential bene-
fits of processed tomato products on blood pressure
management in overweight middle age adults. A
meta-analysis of intervention trials examining the
effects of lycopene on blood pressure suggests a role
for lycopene in lowering blood pressure [28]. The
blood pressure lowering benefits of sodium reduc-
tion and increasing dietary potassium intake are well
known [29]. This study is among the few free-living
randomized controlled clinical trials assessing the
effect of chronic consumption of tomato products,
a rich source of lycopene and potassium, on CVD
risk factors controlling for energy, sugar and salt
content of processed tomato products. The results
were modest, but insightful for future research on
blood pressure control. Considering that physicians
and dietitians may be advising against processed
tomato product intake due to their sodium content,
this study suggests that in the context of advice to
meet sodium recommendations, adding tomato prod-
ucts to boost lycopene and potassium intake may
be beneficial in lowering blood pressure. Given that
systolic and diastolic blood pressure show heteroge-
neous associations across a wide range of acute and
chronic cardiovascular diseases and at different ages
[30], further research is warranted to better under-
stand the role of tomato products in individuals who
are at risk (pre-hypertensive) or who already have
elevated blood pressure and are in the intermedi-
ate category of risk for coronary artery disease [21]
where lifestyle changes are advocated as the initial
therapeutic intervention. Overall, this study adds to
the limited research on tomato products and CVD
risk factors and suggests that, despite concerns about
sodium, processed tomato products are not a food
to exclude in a heart healthy diet, rather these prod-
ucts may be a useful dietary strategy for increasing

micro- and phyto- nutrient intake to help achieve
target blood pressure ranges to reduce risk of car-
diovascular disease.
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