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Abstract

Background: The effect of fruit juice on serum cholesterol and blood pressure in humans has generated inconsistent results.
We aimed to quantitatively evaluate the effect of fruit juice on serum cholesterol and blood pressure in adults.

Methods: We performed a strategic literature search of PubMed, EMBASE, and the Cochrane Library (updated to October,
2012) for randomized controlled trials that evaluated the effects of fruit juice on serum cholesterol and blood pressure.
Study quality was assessed by using the Jadad scale. Weighted mean differences were calculated for net changes in
cholesterol and blood pressure by using fixed-effects model. Prespecified subgroup and sensitivity analyses were conducted
to explore the potential heterogeneity.

Results: Nineteen trials comprising a total of 618 subjects were included in this meta-analysis. Fruit juice consumption
borderlinely reduced the diastolic blood pressure (DBP) by 2.07 mm Hg (95% CI: 23.75, 20.39 mm Hg; p = 0.02), but did not
show significant effects on total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), low-density lipoprotein-
cholesterol (LDL-C) concentrations or systolic blood pressure (SBP) values. A significant reduction of TC concentration was
observed in low-median intake of total polyphenols group. Subgroup analyses for HDL-C and LDL-C concentrations did not
show statistically significant results. No significant heterogeneity was detected for all the measures.

Conclusion: This meta-analysis suggested that fruit juice had a borderline significant effect on reducing DBP, but had no
effect on TC, HDL-C, LDL-C concentrations or SBP.
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Introduction

Cardiovascular disease (CVD) is one of the most common

public health challenges to all nations. Although the mortality data

from 1998 to 2008 showed that the death rate attributable to CVD

declined by 30.6%, more than 2,200 Americans die of CVD each

day, an average of 1 death every 39 seconds [1]. Epidemiologic

studies have revealed that elevated concentrations of serum total

cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C)

are independent risk factors for CVD [2,3]. In addition,

accumulating evidence suggests that hypertension is a major risk

factor for CVD, such as heart failure, stroke, and myocardial

infarction [4]. Therefore, the effective control on lipid metabolism

and blood pressure will be greatly beneficial to CVD prevention.

It has been suggested that a diet rich in fruits and vegetables is

associated with protection against CVD [5]. A recent meta-

analysis showed that fruit consumption was negatively associated

with the risk of coronary heart disease, and the finding indicated

that the risk of coronary heart disease was decreased by 7% for

each additional portion of daily fruit intake [6]. Fruit juices are

generally less desirable than whole fruits since they contain less

fiber. However, both of them contain the equivalent amount of

other important and beneficial nutrients, such as polyphenols,

antioxidants and folate with the whole fruits [7]. Previous human

clinical trials investigating the effects of fruit juice on serum

cholesterol and blood pressure have generated inconsistent results,

and their sample sizes were relatively modest. Therefore, we

conducted a meta-analysis of all published randomized controlled

trials (RCTs) to quantitatively assess the effect of fruit juice on

serum cholesterol and blood pressure.

Methods

Search Strategy
PubMed (updated to October 2012; http://www.ncbi.nlm.nih.

gov/pubmed/), Embase (1980 to October 2012; http://www.

PLOS ONE | www.plosone.org 1 April 2013 | Volume 8 | Issue 4 | e61420



embase.com/), the Cochrane Library (1985 to October 2012;

http://www.cochrane.org/) database, and reference lists and

reviews were searched for RCTs evaluating the effects of fruit

juice on serum cholesterol and blood pressure in humans. The

structured search strategies were performed using the keyword

juice or juices. The search was restricted to the reports of clinical

trials conducted in human subjects.

Study Selection
Studies were selected for analysis if they met the following

criteria: 1) subjects consumed fruit juice for $2 wk; 2) the study

was an RCT conducted in human subjects with either a parallel or

crossover design; 3) the baseline and endpoint values or their

difference of serum TC, high-density lipoprotein-cholesterol

(HDL-C), LDL-C concentrations, diastolic blood pressure (DBP)

or systolic blood pressure (SBP) with SD or SEM or 95%CI were

available for each group in the study; 4) fruit juice was not given as

part of a multi-component supplement in the study; and 5) the

study used a concurrent control group for the fruit juice treatment

group and the difference between the control and treatment group

was fruit juice consumption.

Data Extraction and Quality Assessment
Data was collected onto a pre-piloted data extraction form

which included the following creiteria: 1) study characteristics

(authors, publication year, sample size, study design, population

information, study duration, total polyphenols dose, type of

intervention and type of diet); 2) net changes in serum cholesterol,

and 3) mean changes in blood pressure. All values were converted

to mg/dL for cholesterol by using the conversion factors 1 mg/

dL = 0.0259 mmol/L [8]. If the outcomes were reported several

times in different stages of trials, only values representing the final

outcome concentrations at the end of trials were extracted for our

meta-analysis.

Studies evaluated for potential inclusion in the meta-analysis

were estimated for quality using the following criteria: 1)

randomization; 2) double blinding (participant masking and

researcher masking); 3) withdrawal reporting (total number and

reasons for withdrawal); 4) allocation concealment; and 5)

generation and use of random numbers. RCTs scored one point

for each above areas addressed in the study design to earn a

possible score of 0 (lowest quality) to 5 (highest quality) [9]. Studies

receiving a score $4 were deemed to be of high quality whereas

those receiving a score of ,4 were considered lower quality.

Statistical Analysis
Our meta-analysis was performed using STATA (Version 11;

StataCorp, College Station, TX). Treatment effects were defined

as weighted mean difference and 95% CIs calculated for net

changes in serum cholesterol and blood pressure values. The

statistic heterogeneity was assessed by using Cochran’s test

(p,0.1). The I2 statistic was also calculated, and I2.50% was

considered as significant heterogeneity across studies [10]. A

random-effects model was used if significant heterogeneity was

shown among the trials. Otherwise, results were obtained from a

fixed-effects model.

Percent change in mean and SD values were excluded when

extracting SD values for an outcome. SD values were calculated

from standard errors, 95% CIs, p-values, or t if they were not

available directly. Additionally, change-from-baseline SD values

were imputed as suggested by Follmann et al [11], assuming a

correlation coefficient of 0.5.

Publication bias was assessed using funnel plots and the Egger’s

regression test. Previously defined subgroup analyses were

performed to examine the possible sources of heterogeneity within

these studies and included health status, study design, type of

intervention, duration, total polyphenols dose, and Jadad score.

Additional sensitivity analyses were also performed according to

the Handbook for Systematic Review of Interventions of

Cochrane software (Version 5.0.2; The Cochrane Collaboration,

Oxford, United Kingdom).

Results

Results of Literature Search
Detailed processes of the relevant study selection are shown in

Figure 1. A total of 2432 reports were initially identified, and

2385 articles were excluded either because of duplication or

because they were clearly not relevant to the current meta-analysis

after a review of titles and abstracts. Thus, 47 articles remained for

more detailed examination. Among them, an additional 28 articles

were excluded for the following reasons: 1) 19 articles were

excluded because there was no data on outcome measures; 2) 7

articles were discarded because they did not report SD or baseline

or endpoint or mean difference for primary or secondary outcome

measures; and 3) full-texts of two studies were unavailable.

Ultimately, 19 articles were selected for inclusion in the meta-

analysis [12–30].

Study Characteristics
The characteristics of for each study included in the meta-

analysis are provided in Table 1. A total of 618 subjects included

in this meta-analysis, and subject numbers for each study ranged

from 12 to 63. The total amount of polyphenols contained in fruit

juice ranged from 65.2 to 2660 mg/d (median: 927 mg/d). Study

duration varied from 2 wk to 3 mo (median: 6 wk). Subjects in ten

studies came from North American, 6 studies included subjects

from Europe, and 3 studies selected subjects from Asia. Of the 19

trials included in the current analysis, 12 trials used fruit juice with

multi-nutrients (polyphenols, vitamins, and sugar et al.), and seven

Figure 1. Flow diagram showing the number of citations
retrieved by individual searches of articles included in the
review.
doi:10.1371/journal.pone.0061420.g001
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studies ruled out the vitamins and sugar interferences in the effect

of polyphenols on blood cholesterol concentrations. Most studies

(15 of 19) used the parallel design. Of the 18 studies which

suggested their participants maintain the usual diet, 11 studies

limited intake of fruit, vegetable, fruit juice or other source of

polyphenols, and one study recommended that subjects maintain

physical exercise during the study.

Data Quality
Study quality was assessed by the Jadad scale [8], and the results

were varied. Seven trials [14,17,21,25,24,29,30] were classified as

high quality (Jadad score $4) and the remaining 12 trials were low

quality (Jadad score ,4). All 7 high-quality trials had adequate

allocation concealment (i.e., conducted by a third-party manufac-

turer or using opaque envelopes) and 2 high-quality trials reported

the generation of random numbers or randomization list. Details

of dropouts were reported in 17 trials [10–16,18–27].

Effect of Fruit Juice on Serum Cholesterol and Blood
Pressure

As shown in Figure 2–6, fruit juice significantly lowered DBP,

but did not significantly affect TC, HDL-C, LDL-C concentra-

tions or SBP values. No significant heterogeneity was found for

any of the outcome measures, and the results were reported on the

basis of fixed-effects models. For the 19 trials that reported data on

TC concentrations, no significant mean differences were observed

in subjects supplemented with fruit juice (23.91 mg/dL 95% CI:

28.91, 1.08 mg/dL, p = 0.12; Figure 2) compared with control

subjects. The mean difference change in HDL-C concentrations

were reported in 19 trials and no significant difference was found

(0.43 mg/dL 95% CI: 20.88, 6.18 mg/dL, p = 0.52; Figure 3).

LDL-C concentrations were measured in 19 trials and the pooled

estimated net change was 21.97 mg/dL (95% CI: 25.69,

1.74 mg/dL; p = 0.90; Figure 4). The mean difference change

in DBP values was reported in 8 studies, which was significantly

decreased by 2.07 mm Hg (95% CI: 23.75, 20.39 mm Hg;

p = 0.02; Figure 5). In addition, 8 studies examined SBP values,

Figure 2. Meta-analysis of effects of fruit juice on total cholesterol (TC) concentrations. The result was obtained from a fixed-effects
model. Sizes of data markers indicate the weight of each study in this analysis. The basis of classification of TC is referred to the National Cholesterol
Education Program guidelines, Adult Treatment Panel III. WMD, weighted mean difference.
doi:10.1371/journal.pone.0061420.g002
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and no significant mean difference change was observed

(Figure 6).

Sensitivity and Subgroup Analysis
Subgroup analyses showed that the pooled effects of fruit juice

were not influenced by TC baseline concentrations, nutrient

constitution of fruit juice, study design, type of intervention, study

duration, or study region. A significant reduction of TC was

detected in low-median total polyphenols group when we stratified

studies according to the dose of total polyphenols. Subgroup

analyses for the effect of fruit juice on HDL-C and LDL-C

concentrations were not significantly different from the overall net

change of HDL-C and LDL-C concentrations. Results are

summarized in Figure 2–4 and Table 2. The results of sensitivity

analysis showed that the pooled effects of fruit juice on serum

cholesterol concentrations were not altered when analyses were

limited to high-quality studies and were not changed after

imputation using a correlation coefficient of 0.5. In addition, we

found no significant change of outcome measures through

systematic removal of each trial during sensitivity analysis. Overall,

no significant heterogeneity was found for TC, HDL-C and LDL-

C concentrations, and the results were calculated on the basis of

fixed-effects models.

Publication Bias
Funnel plots and Egger’s tests indicated no significant publica-

tion bias in the current meta-analysis of TC, HDL-C, LDL-C,

DBP and SBP values (Egger’s test: p = 0.86, 0.34, 0.72, 0.99, and

0.57 respectively).

Discussion

Our meta-analysis showed that fruit juice supplementation

significantly lowered DBP values but did not significantly affect

TC, HDL-C, LDL-C concentrations or SBP values. Subgroup

analyses showed that the pooled effects of fruit juice on TC

concentrations were not influenced by TC baseline concentra-

tions, health status, study design, type of intervention, or study

duration. A significant reduction of TC was observed in the group

with low-median total polyphenols intake when we stratified

studies according to dose of total fruit juice polyphenols. Subgroup

analyses for the effect of fruit juice on HDL-C and LDL-C

concentrations did not show statistically significant outcomes.

Changes in TC, HDL-C, and LDL-C concentrations remained

non-significant when analyses were limited to high quality studies.

Although we did not find the significant association between the

consumption of fruit juice and TC concentration, the subgroup

analysis stratified by TC baseline concentrations suggested that

fruit juice had a favorable effect on decreasing TC concentration

in borderline-high TC baseline group (28.53 mg/dL 95% CI:

217.14, 0.07 mg/dL, p = 0.052) rather than in the normal TC

baseline group. Interestingly, we also find more favorable trends in

high LDL-C baseline and Low HDL-C baseline group than that in

normal LDL-C baseline and normal HDL-C group, although it

was not statistically significant. Evidence for subgroup analysis for

Figure 3. Meta-analysis of effects of fruit juice on high-density lipoprotein-cholesterol (HDL-C) concentrations. The result was
obtained from a fixed-effects model. Sizes of data markers indicate the weight of each study in this analysis. The basis of classification of HDL-C is
referred to the National Cholesterol Education Program guidelines, Adult Treatment Panel III. WMD, weighted mean difference.
doi:10.1371/journal.pone.0061420.g003
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borderline-high TC baseline and low HDL-C baseline group was

limited due to the small number of studies, which might partly

explain why we did not find any beneficial effects of fruit juice on

TC or HDL-C concentrations. Another possibility is that fruit

juice has less fiber than whole fruit, since previous meta-analysis

conducted by Brown et al [31] had found that soluble fibers had

significant effects on reducing TC and LDL-C concentrations. In

our meta-analysis, it was unclear why fruit juice significantly

reduced the TC concentrations in low-median total polyphenols

group, but not in high-median total polyphenols group. The

finding might partly due to the increased daily calories intake

accompanied by the additional consumption of fruit juice, since

most trials advised subjects to keep their usual diet during the

study period. Therefore, it might be advisable to recommend that

fruit juice should be incorporated into a diet, with no net increase

in the total calory intake.

Consistent with the result of our study, a recently published

RCT trial including 690 participants aged 25–64 years showed

that the increased fruit and vegetable intake could significantly

decrease DBP by 1.5 mm Hg. Overall outcome of DBP by our

meta-analysis showed that intake of fruit juice statistically

significantly reduced DBP value by 2.07 mm Hg. In addition,

we also found a favorable trend of SBP decreasing in the

intervention groups, although the mean difference change in SBP

was borderline-significant. It is estimated that a reduction of 2 mm

Hg in DBP results in a decrease of incidence rates of hypertension

and coronary heart disease by approximately 17% and 6%,

respectively [32]. A recent meta-analysis also suggested that the

observed differences of 10 to 15 mm Hg or more in SBP values

between arms could identify patients at high risk of asymptomatic

peripheral vascular disease and mortality [33]. The reduction in

blood pressure values observed in this meta-analysis is probably

due to the anti-hypertensive properties of magnesium, potassium,

various vitamins and polyphenols contained in the fruit juice.

However, we cannot perform a comprehensive and quantitative

analysis to further evaluate the effect of these beneficial nutrients

on serum cholesterol and blood pressure due to the limited RCT

data. The causal conclusion remains to be evaluated under

conditions of exact quantity of beneficial nutrients of fruit juice

and high-quality RCTs with longer-term intervention duration.

Our study has several strengths. Firstly, the articles included in

the meta-analysis are RCTs which have fewer methodological

biases than observational studies such as case-control studies or

cohort studies. Secondly, the relatively large number of pooled

subjects provided the greater statistical power to examine a small

intervention effect. Third, we used only one intervention group for

each trial when calculating the pooled effect for studies with $2

intervention groups in order to avoid counting control patients

Figure 4. Meta-analysis of effects of fruit juice on low-density lipoprotein-cholesterol (LDL-C) concentrations. The result was obtained
from a fixed-effects model. Sizes of data markers indicate the weight of each study in this analysis. The basis of classification of LDL-C is referred to the
National Cholesterol Education Program guidelines, Adult Treatment Panel III. WMD, weighted mean difference.
doi:10.1371/journal.pone.0061420.g004
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more than once. In addition, no significant statistic heterogeneity

was observed in the net change of TC, HDL-C, LDL-C, DBP, or

SBP values. Moreover, the Egger’s tests showed no significant

asymmetry of funnel plot for overall pooled effect of TC, HDL-C,

LDL-C, DBP, or SBP values.

Potential limitations of the available data are inevitable. First,

exact doses of vitamins contained in fruit juice in the 19 trials

included in the current meta-analysis were unavailable. Addition-

ally, the doses of total polyphenols in fruit juice ranged from 65.2

to 2660 mg/d (median: 927 mg/d) across the included studies.

Although the wide range of total-polyphenols dose did not cause

the significant heterogeneity of the pooled effects of TC, HDL-C,

and LDL-C concentrations, it might have affected the overall

outcome of the analyses. Second, the results of meta-regression

analysis did not show significant dose-responsive effect between

fruit juice and DBP (P for trend = 0.45), or between low-dose fruit

Figure 5. Meta-analysis of effects of fruit juice on diastolic blood pressure (DBP). The result was obtained from a fixed-effects model. Sizes
of data markers indicate the weight of each study in this analysis. WMD, weighted mean difference.
doi:10.1371/journal.pone.0061420.g005

Figure 6. Meta-analysis of effects of fruit juice on systolic blood pressure (SBP). The result was obtained from a fixed-effects model. Sizes
of data markers indicate the weight of each study in this analysis. WMD, weighted mean difference.
doi:10.1371/journal.pone.0061420.g006
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juice and TC concentration (P for trend = 0.49). Therefore, it is

difficult to assess the optimal dose for a dietary intervention

program as part of a health policy aimed at improving public

hypertension and cholesterol status. Third, the study duration was

short (from 2 wk to 3 mo) and the quality of the trials varied from

low to high, with only 7 of the 19 studies, found to be in high

quality. Finally, we cannot perform subgroup and sensitivity

analyses for DBP and SBP values due to the limited number of

studies and the causal conclusion remains to be evaluated in

future.

In conclusion, the consumption of fruit juice borderlinely

lowered DBP, but no statistically significant overall effect on TC,

HDL-C, LDL-C and SBP values was observed. Subgroup analyses

for TC concentrations found that fruit juice significantly reduced

of TC concentrations in low-median dose of total polyphenols

group. In addition, our meta-analysis also suggested that fruit juice

might have more favorable effects on TC, LDL-C and HDL-C

regulation in abnormal cholesterol group than the healthy people.

Acknowledgments

We thank Dr. Jennifer H. McKenzie at Harvard Medical School for

reviewing and editing the manuscript.

Author Contributions

Conceived and design the protocol: KL MTM AHX. Selected and

screened the trials included in the analysis: KL MTM AHX KC BW.

Extracted and analyzed the data: KL KC BW HXX. Revised the

manuscript: KL BW RZ. Updating the review: KL KC SHC RZ. Wrote

the paper: KL BW RZ SHC HXX.

References

1. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, et al. (2012) Heart
disease and stroke statistics–2012 update: a report from the American Heart

Association. Circulation 125: e2–2e220.

2. Kannel WB, Neaton JD, Wentworth D, Thomas HE, Stamler J, et al. (1986)
Overall and coronary heart disease mortality rates in relation to major risk

factors in 325,348 men screened for the MRFIT. Multiple Risk Factor
Intervention Trial. Am Heart J 112: 825–836.

3. Castelli WP, Garrison RJ, Wilson PW, Abbott RD, Kalousdian S, et al. (1986)
Incidence of coronary heart disease and lipoprotein cholesterol levels. The

Framingham Study. JAMA 256: 2835–2838.

4. Ong KL, Cheung BM, Man YB, Lau CP, Lam KS (2007) Prevalence,
awareness, treatment, and control of hypertension among United States adults

1999–2004. Hypertension 49: 69–75.
5. Bazzano LA, Serdula MK, Liu S (2003) Dietary intake of fruits and vegetables

and risk of cardiovascular disease. Curr Atheroscler Rep 5: 492–499.

6. Dauchet L, Amouyel P, Hercberg S, Dallongeville J (2006) Fruit and vegetable
consumption and risk of coronary heart disease: a meta-analysis of cohort

studies. J Nutr 136: 2588–2593.
7. Lugasi A, Hovari J (2003) Antioxidant properties of commercial alcoholic and

nonalcoholic beverages. Nahrung 47: 79–86.

8. Yang B, Chen Y, Xu T, Yu Y, Huang T, et al. (2011) Systematic review and
meta-analysis of soy products consumption in patients with type 2 diabetes

mellitus. Asia Pac J Clin Nutr 20: 593–602.
9. Moher D, Pham B, Jones A, Cook DJ, Jadad AR, et al. (1998) Does quality of

reports of randomised trials affect estimates of intervention efficacy reported in
meta-analyses. Lancet 352: 609–613.

10. Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003) Measuring

inconsistency in meta-analyses. BMJ 327: 557–560.
11. Follmann D, Elliott P, Suh I, Cutler J (1992) Variance imputation for overviews

of clinical trials with continuous response. J Clin Epidemiol 45: 769–773.
12. Murkovic M, Abuja PM, Bergmann AR, Zirngast A, Adam U, et al. (2004)

Effects of elderberry juice on fasting and postprandial serum lipids and low-

density lipoprotein oxidation in healthy volunteers: a randomized, double-blind,
placebo-controlled study. Eur J Clin Nutr 58: 244–249.

13. Reshef N, Hayari Y, Goren C, Boaz M, Madar Z, et al. (2005) Antihypertensive
effect of sweetie fruit in patients with stage I hypertension. Am J Hypertens 18:

1360–1363.
14. Sumner MD, Elliott-Eller M, Weidner G, Daubenmier JJ, Chew MH, et al.

(2005) Effects of pomegranate juice consumption on myocardial perfusion in

patients with coronary heart disease. Am J Cardiol 96: 810–814.
15. Castilla P, Echarri R, Davalos A, Cerrato F, Ortega H, et al. (2006)

Concentrated red grape juice exerts antioxidant, hypolipidemic, and antiin-
flammatory effects in both hemodialysis patients and healthy subjects. Am J Clin

Nutr 84: 252–262.

16. Banini AE, Boyd LC, Allen JC, Allen HG, Sauls DL (2006) Muscadine grape
products intake, diet and blood constituents of non-diabetic and type 2 diabetic

subjects. Nutrition 22: 1137–1145.
17. Cerda B, Soto C, Albaladejo MD, Martinez P, Sanchez-Gascon F, et al. (2006)

Pomegranate juice supplementation in chronic obstructive pulmonary disease: a
5-week randomized, double-blind, placebo-controlled trial. Eur J Clin Nutr 60:

245–253.

18. Duthie SJ, Jenkinson AM, Crozier A, Mullen W, Pirie L, et al. (2006) The effects

of cranberry juice consumption on antioxidant status and biomarkers relating to

heart disease and cancer in healthy human volunteers. Eur J Nutr 45: 113–122.

19. Castilla P, Davalos A, Teruel JL, Cerrato F, Fernandez-Lucas M, et al. (2008)

Comparative effects of dietary supplementation with red grape juice and vitamin

E on production of superoxide by circulating neutrophil NADPH oxidase in

hemodialysis patients. Am J Clin Nutr 87: 1053–1061.

20. Park YK, Lee SH, Park E, Kim JS, Kang MH (2009) Changes in antioxidant

status, blood pressure, and lymphocyte DNA damage from grape juice

supplementation. Ann N Y Acad Sci 1171: 385–390.

21. Hollis JH, Houchins JA, Blumberg JB, Mattes RD (2009) Effects of concord

grape juice on appetite, diet, body weight, lipid profile, and antioxidant status of

adults. J Am Coll Nutr 28: 574–582.

22. Basu A, Fu DX, Wilkinson M, Simmons B, Wu M, et al. (2010) Strawberries

decrease atherosclerotic markers in subjects with metabolic syndrome. Nutr Res

30: 462–469.

23. Basu A, Du M, Leyva MJ, Sanchez K, Betts NM, et al. (2010) Blueberries

decrease cardiovascular risk factors in obese men and women with metabolic

syndrome. J Nutr 140: 1582–1587.

24. Karlsen A, Paur I, Bohn SK, Sakhi AK, Borge GI, et al. (2010) Bilberry juice

modulates plasma concentration of NF-kappaB related inflammatory markers in

subjects at increased risk of CVD. Eur J Nutr 49: 345–355.

25. Dohadwala MM, Hamburg NM, Holbrook M, Kim BH, Duess MA, et al.

(2010) Effects of Concord grape juice on ambulatory blood pressure in

prehypertension and stage 1 hypertension. Am J Clin Nutr 92: 1052–1059.

26. Aptekmann NP, Cesar TB (2010) Orange juice improved lipid profile and blood

lactate of overweight middle-aged women subjected to aerobic training.

Maturitas 67: 343–347.

27. Gonzalez-Ortiz M, Martinez-Abundis E, Espinel-Bermudez MC, Perez-Rubio

KG (2011) Effect of pomegranate juice on insulin secretion and sensitivity in

patients with obesity. Ann Nutr Metab 58: 220–223.

28. Dohadwala MM, Holbrook M, Hamburg NM, Shenouda SM, Chung WB, et

al. (2011) Effects of cranberry juice consumption on vascular function in patients

with coronary artery disease. Am J Clin Nutr 93: 934–940.

29. Morand C, Dubray C, Milenkovic D, Lioger D, Martin JF, et al. (2011)

Hesperidin contributes to the vascular protective effects of orange juice: a

randomized crossover study in healthy volunteers. Am J Clin Nutr 93: 73–80.

30. Basu A, Betts NM, Ortiz J, Simmons B, Wu M, Lyons TJ (2011) Low-energy

cranberry juice decreases lipid oxidation and increases plasma antioxidant

capacity in women with metabolic syndrome. Nutr Res 31: 190–196.

31. Brown L, Rosner B, Willett WW, Sacks FM (1999) Cholesterol-lowering effects

of dietary fiber: a meta-analysis. Am J Clin Nutr 69: 30–42.

32. Cook NR, Cohen J, Hebert PR, Taylor JO, Hennekens CH (1995) Implications

of small reductions in diastolic blood pressure for primary prevention. Arch

Intern Med 155: 701–709.

33. Clark CE, Taylor RS, Shore AC, Ukoumunne OC, Campbell JL (2012)

Association of a difference in systolic blood pressure between arms with vascular

disease and mortality: a systematic review and meta-analysis. Lancet 379: 905–

914.

Fruit Juice and Cardiovascular Disease

PLOS ONE | www.plosone.org 9 April 2013 | Volume 8 | Issue 4 | e61420


