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Abstract 
 
 

Childhood cancer is a rare, yet devastating disease, which was almost uniformly fatal 50 

years ago.  Fortunately, with the tremendous advance of cancer therapies, the 5-year relative 

survival rate for children under age 15 years has increased to 80%.  Research into the late effects 

of cancer treatment has revealed that there are consequences of the cure.  Childhood cancer 

survivors are at an increased risk of premature cardiovascular disease (CVD), and few 

interventions have been tested to delay or mitigate progression of disease in this population.  

Dietary strategies have been evaluated as potential means to prevent, attenuate, or reverse the 

CVD process in adults.  Notably, there is considerable interest in the cardioprotective properties 

of red wine, which are primarily attributed to flavonoids, a class of polyphenols present in most 

plant foods.  Purple grape juice (PGJ) is a rich source of flavonoids with antioxidant properties 

that has been shown in adults to reduce oxidative stress and improve endothelial function, a key 

measure of vascular health. 

The effects of supplementing meals with PGJ on endothelial function and oxidative stress 

were examined in 24 cancer survivors ages 10 to 21 years in a randomized controlled crossover 

study consisting of two 4 week intervention periods, each preceded by a 4 week washout period.   

Subjects were randomly assigned to 6 ounces twice daily of PGJ or clear apple juice (AJ, similar 

in calories but lower in flavonoids).  Clinical measurements and blood samples were obtained 

before and after each supplementation period.  Change in microvascular endothelial function, 

assessed using peripheral arterial tonometry in the fingertips, and change in plasma markers of 

oxidative stress (oxidized LDL (oxLDL), myeloperoxidase (MPO)) and inflammation (high 

sensitivity C-Reactive Protein (hs-CRP)) were evaluated using mixed effects analysis of variance.  

PGJ did not improve endothelial function compared with AJ (mean change: PGJ 0.06, AJ 

0.22; difference of mean change (95% CI): -0.16 (-0.42 to 0.11), p = 0.25).  There were no 

significant improvements in biomarkers of oxidative stress (mean change: oxLDL (U/L): PGJ 

4.66, AJ 1.57, p=0.29; MPO (ng/mL): PGJ 0.95, AJ 1.03 p=0.15) or inflammation (mean change: 

hs-CRP (mg/L): PGJ 1.42, AJ 1.06, p=0.37).  There were no adverse effects on fasting glucose or 

insulin, or blood pressure during either juice supplementation; however, there was a statistically 

significant increase in weight and BMI during the apple juice supplementation (median change: 

weight: 0.70, p=0.01; BMI: 0.26, p=0.03).  Additionally, there was a 5 mg/dL decrease in HDL 

cholesterol during the apple juice supplementation (p=0.001). 
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Our study was the first to examine the effects of purple grape juice on endothelial 

function in cancer survivors.  The intervention was well-tolerated by study participants and all 24 

subjects randomized to the juice intervention completed the four month study.  After four weeks 

of daily consumption of flavonoid-rich purple grape juice, no measurable improvement in 

vascular health was observed in adolescent and young adult cancer survivors.  However, these 

young survivors were relatively healthy with few cardiovascular risk factors, which may have 

precluded identifying measurable improvement.  An important next step in childhood cancer 

survivorship research is to be able to identify those cancer survivors most at risk before vascular 

disease is clinically evident.  Future studies might consider targeting the major risk factors for 

CVD, such as obesity, insulin resistance or diabetes, or hypertension, which directly or indirectly 

may also affect endothelial function.    
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Chapter 1: Childhood cancer survivors 
 

 

Incidence of Childhood Cancer 

 Almost 11,000 children between the ages of 0 to 14 years are expected to be diagnosed 

with cancer in 2010, with an additional 6,000 cases diagnosed among adolescents 15 to 19 

years.1-3  The distribution of cancer diagnoses varies distinctly among children and adolescents 

(Figure 1-1).  During the period 1992 to 2001, the most common malignancies in children aged 0 

to 14 years were acute lymphoblastic leukemia (ALL; 23.7%), tumors of the central nervous 

system (CNS; 22.1%), neuroblastoma (7.7 %), non-Hodgkin lymphoma (5.9%), Wilms tumor 

(5.9%), and acute myeloid leukemia (AML; 4.9%).4  Among adolescents 15-19, the most 

frequently reported malignancies included Hodgkin lymphoma (16.4%), germ cell tumors 

(12.8%), CNS tumors (9.8%), non-Hodgkin lymphoma (8.2%), thyroid cancer (8.2%), and 

malignant melanoma (7.6%).   

 Overall, incidence rates are slightly higher in males than in females (1.1:1).  Cancers 

occurring most frequently in males include non-Hodgkin lymphoma (2.3:1), Ewing sarcoma 

(1.4:1), and rhabdomyosarcoma (1.4:1) in children and germ cell tumors (2.5:1), osteosarcoma 

(2.5:1), and malignant bone tumors (2.3:1) in adolescents.4  In contrast to adult cancer for which 

the incidence of many cancers is higher in blacks than in whites, incidence rates in children 0 to 

19 years of age are approximately 30% higher in whites than in blacks.  Cancers occurring at a 

much higher rate in whites include ALL (1.9:1), thyroid carcinoma (2.6:1), Ewing sarcoma 

(18:1), and malignant melanoma (61:1).4 

 

 

Childhood Cancer Mortality and Survival 

 Even though childhood cancer is rare, it is the second leading cause of death in children 

aged 1 to 14 years, exceeded only by accidents (unintentional injuries).5  Nearly 1,500 children 

and over 700 adolescents with cancer died in 2005.6  Fortunately, due primarily to improvements 

in therapy and participation in cooperative group clinical trials, the survival rate for most 

childhood cancers has improved dramatically.7  The 5-year relative survival rate for children 

under age 15 years has increased from 58% in 1975 to 80% in 2003 for all cancer sites  
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Figure 1-1.  Distribution of cancer diagnoses for children (0 to 14 years) and adolescents (15 to 19 

years), 1992 to 2001.  (SEER incidence data)9 

 

 

combined.8  Moreover, there has been a statistically significant improvement in survival rates for 

each individual cancer site between 1975 to 1977 and 1996 to 2003 for cancers diagnosed in  

children under the age of 15 years (Figure 1-2).  Sites with survival rates exceeding 80% include 

the most frequently occurring cancer, ALL (87%), as well as non-Hodgkin lymphoma (87%),  

Hodgkin lymphoma (95%), and Wilms tumor (92%).5,8  Survival rates have also improved over 

the last three decades for adolescents aged 15 to 19 years, increasing from 69% during 1975-1982 

to 80% during 1999-2005 for all sites combined.10  Survival rates approached or exceeded 80% 

for the most frequently occurring malignancies, with the greatest improvements observed for non-

Hodgkin lymphoma (81% vs. 51%), testicular cancer (95% vs. 77%), and CNS tumors (76% vs. 

62%).  Survival rates remained high for Hodgkin lymphoma and thyroid cancer, exceeding 95% 

during 1999-2005.   
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Figure 1-2.  Percentage 5-year relative survival for childhood cancer (children under age 15 years). 

The difference in rates between 1975 to 1977 and 1996 to 2003 is statistically significant for all sites 

combined as well as each individual site. (Adapted from the Journal of the National Cancer Institute, 

Vol. 98, No. 13, July 5, 2006; Data source: SEER Cancer Statistics Review, 1975-2003 (National 

Cancer Institute)) 

 

Treatment of Childhood Cancer 

 With the increase in survival rates, the number of childhood cancer survivors in the 

United States now exceeds 328,000.11  The dramatic improvement in childhood cancer survival 

rates is due to the tremendous advances in cancer therapies including technological advances in 

radiation therapy, the advent of new chemotherapeutic agents, use of multimodality treatments, 

and improvements in dosing and treatment schedules.  Increases in survival rates are primarily 

attributed to the development and evaluation of anticancer therapies in clinical trials by pediatric 

research collaboratives, such as the Children’s Oncology Group (COG).  The COG, the world’s 

largest and most recognized pediatric research collaborative, includes over 200 institutions in 

North America that treat 71% to 94% of cancer patients under the age of 15 years.12,13  The COG, 

through the translation of laboratory discoveries and the development and testing of novel 

therapeutic agents or treatment modalities, has led to improvements not only in the treatment of 

childhood cancer, but also in the treatment of adult cancer.14  For example, the principles of 

multimodal therapy, i.e., the integration of chemotherapeutic agents into treatment regimens that 
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primarily relied on surgery or radiation, and combination chemotherapy (versus single agents) 

were first demonstrated in clinical trials treating cancer in children.   

 Treatment of childhood cancer depends on the type and stage of cancer and may involve 

a combination of surgery (solid tumors), radiation, and chemotherapy.  Additionally, bone 

marrow transplantations may be utilized in the management of hematopoietic cancers.  For some 

cancers such as ALL, the treatment course is very intense and typically continues for two to three 

years, and even longer for relapse cases.  A brief description of various frontline treatments for 

childhood cancer is presented below and summarized in Table 1-1. 

 

Radiation Therapy 

Technological advances in diagnostic imaging and delivery methods for radiation therapy 

have led to substantial reductions in damage to tissue surrounding the tumor.  Tumor cells are 

killed by radiation when they are unable to effectively repair DNA damage (strand breaks) 

induced by the radiation.  The radiation dose is dependent on the type of tumor, as some tumor 

types are more radiosensitive than others, and tumor size.15  Various types of chemotherapeutic 

agents are used to potentiate the radiation effect.  In order to provide a background for the 

literature review on late effects following cancer diagnosis and treatment, a brief summary will be 

provided for three areas commonly targeted by radiation therapy:  the brain, chest, and 

pelvis/abdomen. 

 

Cranial irradiation is most often used to treat brain tumors, prevent CNS relapse in ALL, and may 

also be used to treat some cases of rhabdomyosarcoma, nonrhabdomyosarcoma soft tissue 

sarcomas, and retinoblastoma.16  The treatment of most brain tumors includes high dose local 

field or whole brain irradiation.  Brain tumor patients receive the highest doses of radiation, 

which can exceed 70 Gy.  During the 1960s and 1970s, cranial irradiation was widely used to 

prevent CNS relapse in ALL patients, since systemically administered chemotherapy was 

ineffective at crossing the blood-brain barrier to kill the leukemia cells in the CNS.  Today, 

cranial irradiation is reserved for treating high-risk ALL, with the majority of patients receiving 

intrathecal (injected into the cerebrospinal fluid) chemotherapy to prevent CNS relapse.   
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Chest and mantle radiation therapy is used primarily in the treatment of Hodgkin lymphoma, non-

Hodgkin lymphoma, and metastases to the lungs.16  The mantle field of radiation includes the 

primary lymph node regions of the neck and chest.  Additionally, breast tissue and the heart are 

exposed.  Overtime, effective treatment to this region has been achieved through lower radiation 

doses in combination with multiagent chemotherapy.16 

 

Abdominal and pelvic radiation therapy is used to treat Wilms tumor, germ cell tumors, and some 

cases of rhabdomyosarcoma and Hodgkin lymphoma.  Depending on the location of the tumor, 

the field of radiation may include the stomach, intestines, liver, spleen, kidneys, bladder, and 

gonads.  

 

Chemotherapy 

Combination chemotherapy (two or more chemotherapeutic agents) is typically part of 

the treatment regimen for most childhood cancers.  Chemotherapy may be the only treatment or it 

may be given prior to (neoadjuvant) or after (adjuvant) surgery or radiation with the goal of 

shrinking the tumor or eliminating micrometastatic cells, respectively.  Multiple classes of 

chemotherapeutic agents exist, each associated with different efficacies and toxicities.  

 

Alkylating agents have a broad antitumor spectrum.  These agents prevent cancer cells from 

reproducing by directly damaging the DNA.17  While often effective at killing cancer cells, these 

agents are highly carcinogenic and mutagenic.16   

 

Heavy metals or nonclassical alkylating agents (e.g., cisplatin) are platinum based compounds 

that kill tumor cells by damaging DNA (via platination).  Cisplatin is highly effective in treating 

various adult tumors, primarily testicular and ovarian cancers, but has also demonstrated activity 

against various childhood cancers including brain tumors, neuroblastoma, osteosarcoma, and 

Wilms tumor.18   

 

Anthracyclines (e.g., doxorubicin, daunorubicin) are used in the treatment of several childhood 

cancers including ALL, lymphomas, bone and soft tissue sarcoma, Wilms tumor, neuroblastoma, 

and hepatoblastoma.16,18  Almost half of all childhood cancer survivors were treated with 

anthracyclines.16  While effective at killing cancer cells, anthracycline doses have been reduced 

over time in order to reduce permanent damage to the heart.9   
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Antimetabolites (e.g., methotrexate) are used in the treatment of leukemias, lymphomas, and 

osteosarcoma.18  These agents interfere with DNA or RNA synthesis.18 

 

Corticosteroids have many clinical uses but are also important agents used in the treatment of 

ALL, lymphomas, and brain tumors,18 and are effective at killing cancer cells or slowing their 

growth.17  They are often used in combination with other agents in order to prevent severe allergic 

reactions, nausea, or vomiting.17   

 

Plant products.  Two types of plant products are used in the treatment of childhood cancer, 

epipodophyllotoxins (e.g., VP16) and vinca alkaloids.  They are effective at treating leukemias, 

lympohomas, as well as solid tumors.9 
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Table 1-1.  Summary of common therapies used in the treatment of childhood cancer. 

Sources: 9,16,17 

 

Type of Therapy 

 
Radiation field or 

Chemotherapeutic Agent 
 

Types of tumors treated 

   

RADIATION 

Cranial irradiation 
brain tumors, ALL (CNS relapse), retinoblastoma,  
rhabdomyosarcoma, and nonrhabdomyosarcoma soft 
tissue sarcomas 

  
Chest and mantle radiation 
therapy 

Hodgkin lymphoma, non-Hodgkin lymphoma, and 
metastases to the lungs 

  
Abdominal and Pelvic 
radiation therapy 

Wilms tumor, germ cell tumors, Hodgkin lymphoma, 
and rhabdomyosarcoma 

   
   

CHEMOTHERAPY 

Alkylating agents  
(e.g., cyclophosphamide) 

Leukemias, lymphomas, sarcomas, neuroblastoma, 
germ cell tumors, rhabdomyosarcoma, brain tumors 

  
Heavy metals  
(e.g., cisplatin) 

Testicular and other germ cell tumors, osteosarcoma, 
neuroblastoma, brain tumors 

  
Antimetabolites 
(e.g., methotrexate) 

Leukemias, lymphomas, osteosarcoma 

  
Anthracyclines  
(e.g., doxorubicin) 

Leukemias, lymphomas, most solid tumors 

  
Corticosteroids 
(e.g., prednisone) 

Leukemias, lymphomas, brain tumors 

  
Plant products 
(e.g., epipodophyllotoxins) 

Leukemias, lymphomas, neuroblastoma, sarcomas, 
brain tumors 
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Treatment late effects 

Overview 

 With increasing survival rates over the past several decades, research into the long-term 

effects of cancer treatment has become increasingly more important in survivors treated for 

childhood cancer.  While some effects from cancer treatment are observed during the course of 

therapy or within a few months of completion of therapy (acute effects), other effects do not 

manifest until years or decades later (late effects).  Even though some of the late effects described 

in the literature are based on treatment regimens no longer in use today, studies of survivors of 

more contemporary therapies provide evidence that both acute and late effects continue to arise in 

a sizable proportion of the survivors.  Although improvement in treatment regimens has reduced 

some of the more severe acute and late effects, most treatments are not specific to cancer cells, 

and thus continue to adversely affect normal cells, tissues, and organs.  Furthermore, the 

developing tissues and organs of children may be more sensitive to the effects of treatment. 

 One of the major contributors to the literature described below regarding late effects in 

childhood cancer is the Childhood Cancer Survivor Study (CCSS).19  Briefly, the CCSS is a 

retrospective cohort study to evaluate the long-term health outcomes of over 14,000 survivors of 

childhood cancer (81% response rate).  The cohort consists of individuals of the more common 

pediatric malignancies (leukemias, lymphomas, CNS tumors, sarcomas, kidney cancers, and 

neuroblastoma) who were diagnosed before the age of 21 years at one of 26 participating 

institutions during 1970 to 1986 and who survived at least five years beyond the initial diagnosis.  

A baseline questionnaire (1995-1996) ascertained information on demographic characteristics, 

health habits, medical conditions, and self-reported height and weight.  Detailed medical 

information regarding the cancer diagnosis and primary cancer therapies was abstracted from 

medical records at the treating institution.  In order to allow comparisons with a noncancer 

population, a random sample of survivors was asked to identify a full-sibling nearest in age.  

Nearly 3,900 siblings enrolled in the study (80% response rate).  
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General Mortality and Morbidity in Childhood Cancer Survivors 

 Adult survivors of childhood cancer are at increased risk for both early and late mortality.  

The majority of deaths are attributable to recurrence or progression of the primary tumor, with the 

proportion of deaths due to recurrence estimated at 58% to 74%.20-23  Not surprisingly, the highest 

mortality rates typically occur within 10 years of the initial cancer diagnosis.22,24  Subsequent 

neoplasms account for the second most common cause of death among survivors,20-22,25-27 with the 

rate of death exceeding the death rate from recurrence after 20 or more years of follow-up.22,25  

Relative to age- and sex-matched population rates, significant increased mortality rates have also 

been observed in survivors for non-cancer related causes of death, primarily cardiac and 

pulmonary causes.20,22,24  Most studies have identified exposure to radiotherapy, alkylating agents, 

anthracyclines, or epipodophyllotoxins as risk factors for late mortality among survivors of 

childhood cancer.22,26,28,29 

 As a consequence of the tumor and anticancer therapies, survivors are also at an 

increased risk for morbidity and diminished quality of life.  Based on recent estimates, nearly two 

thirds of adult survivors of childhood cancer have at least one chronic health condition, with more 

than one quarter reporting a severe, life-threatening, or disabling condition (e.g., coronary heart 

failure, coronary artery disease, second cancer).30  This equated to survivors being 3.3 and 8.2 

times more likely than their siblings of having a chronic or severe health condition, respectively.30  

Treatments conferring the greatest risk (10-fold or higher risks) of having a severe or life-

threatening condition included chemotherapy with alkylating agents or anthracyclines, and chest 

or pelvic irradiation.  Numerous health problems have been identified in childhood cancer 

survivors, the occurrence and severity of which are dependent on the type of treatment, including 

dose and duration, as well as the age at treatment.  A list of selected late effects following 

radiation and chemotherapy in survivors of childhood and adolescent cancer is presented in 

Tables 1-2 and 1-3. 
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Table 1-2.  Selected late effects following radiation in survivors of childhood and adolescent cancer. 

(Sources: 16,31-39) 
 

    

  Late Effects  
Radiation Field CVD CVD Risk Factors Non-CVD 

    

    

Cranial irradiation Strokes Obesity Neurocognitive deficits 
  Dyslipidemia Growth hormone deficiency 
   Second cancers 
   Seizures 
   Cataracts 
    
Chest or mantle 
radiotherapy 

Coronary artery disease  Breast cancer 
Valvular disease  Thyroid disease 

 Pericardial disease  Pulmonary disease 
 Arrhythmias  Lung cancer 
 Congestive heart failure   
 Cardiomyopathy   
 Atherosclerotic heart disease   
    
Abdominal or pelvic 
radiotherapy 

 Diabetes Chronic enteritis 
  Gastrointestinal malignancy 

   Renal insufficiency 
   Bladder disease 
   Gonadal dysfunction 
    
 

Note:  The occurrence and severity of late effects from radiation therapy are dependent on the organs involved, type and dose of radiation, and age 

at treatment. 
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Table 1-3.  Selected late effects following chemotherapy in survivors of childhood and adolescent cancer.   

(Sources: 16,31,40-45) 
     

  Late Effects  
Chemotherapy CVD CVD Risk Factors Non-CVD 

    

    

Alkylating agents  Diabetes Hypogonadism 
   Infertility 
   Early menopause 
   AML and myelodysplasia 
   Pulmonary fibrosis 
   Bladder disease 
   Glomerular or tubular toxicity 
    
Nonclassical alkylating agents 
(heavy metals) 

 Endothelial dysfunction Ototoxicity 
  Renal toxicity 

    
    
Antimetabolites  Endothelial dysfunction Neurocognitive deficits 
    
Anthracyclines Cardiomyopathy Endothelial dysfunction  
 Arrhythmia Diabetes  
 Ventricular dysfunction   
    
Corticosteroids  Hypertension Osteopenia 
  Diabetes Osteoporosis 
    
Plant products 
(epipodophyllotoxins) 

  AML 
   

    
 

Note:  This table contains late effects associated with individual classes of chemotherapy, but importantly, the majority of all tumors that are 

treated with chemotherapy involve multiple agents from different classes.  The effects associated with combination chemotherapy are more 

difficult to assess, thus this table is likely to underestimate the true burden of treatment related morbidity.
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CVD and Cardiovascular Risk Factors in Survivors of Childhood Cancer 

 CVD is one of the main causes of increased morbidity and mortality in survivors of 

childhood cancer.  The risk for coronary artery disease, congestive heart failure, and stroke is 

significantly increased among childhood cancer survivors compared with sibling or general 

population controls.30,46,47  Acute cardiac toxicities and abnormalities (e.g., cardiomyopathy, 

valvular heart disease), while potentially serious and sometimes fatal, have become less common 

with modifications to treatment dosing and scheduling.  A much larger proportion of young adult 

survivors of childhood cancer have a greater prevalence of one or more cardiovascular risk 

factors (e.g., obesity, diabetes, hypertension) compared with the general population, likely due to 

the intensive therapeutic regimen used to treat their cancer.  Additionally, recent research has 

provided evidence for a role of various chemotherapeutic agents in the development of vascular 

endothelial dysfunction.  Based on clinical and epidemiologic research, childhood cancer 

survivors have recently been recognized as one of eight high risk pediatric populations at risk for 

accelerated atherosclerosis and to manifest CVD early in adult life.48  Provided below is a 

summary of the literature regarding childhood cancer survivors and factors that contribute to the 

development and progression of CVD.  Since ALL, CNS tumors, and lymphomas comprise 

almost 60% of all cancers diagnosed in children aged 0 to 19 years,49 and survival rates are 

relatively high in these cancers, they have been the focus of the majority of studies conducted 

among survivors of childhood cancer to evaluate the prevalence and determinants of 

cardiovascular risk factors.   

 

Obesity 

  Obesity is a systemic inflammatory disease that is associated with an increased risk of 

hypertension, insulin resistance, diabetes mellitus, heart disease and stroke in the general 

population.  Obesity is the most commonly studied cardiovascular risk factor among childhood 

cancer survivors.  Most of the research is based on ALL and brain tumor survivors, which will be 

summarized first, followed by a summary of other childhood cancer survivors.     

 

Obesity and ALL 

 Numerous studies have observed a significantly higher prevalence of obesity in adult 

survivors of childhood ALL compared with sibling controls or the general population; however, 

this effect was mostly limited to survivors who were treated with cranial irradiation.33,37,39,50-52  
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The association between exposure to high dose cranial irradiation and obesity was confirmed in 

the large CCSS cohort, which further evaluated risk based on sex, age at diagnosis and radiation 

dose.  After a period of 7 to 27 years since diagnosis, ALL female and male survivors treated with 

high dose cranial irradiation (≥ 20 Gy) were 2.6 times and 1.9 times more likely to be obese (BMI 

≥ 30 kg/m2), respectively, compared with siblings.32  There was no association between low dose 

cranial irradiation (10-19 Gy) or chemotherapy alone for either sex.  Relative to sibling controls, 

the odds of being obese were 2-fold higher for males and females treated with high dose cranial 

irradiation at younger ages (0-4, 5-9, 10-14) , with females diagnosed at 0 to 4 years of age 

having the greatest risk (OR=3.2, 95% CI 2.1-4.8).  A follow-up study of the CCSS cohort 

demonstrated a significantly greater rate of weight gain from baseline to follow-up (mean interval 

of 8 years) among both male and female survivors treated with cranial irradiation relative to 

sibling controls.33  Consistent with the earlier obesity study by Oeffinger et al., the largest BMI 

increase was observed for females diagnosed at a younger age (0 to 9 years) and treated with 

cranial irradiation, with no difference in rate of change in BMI over time between controls and 

ALL survivors treated with chemotherapy alone.  In contrast to the earlier study, the results were 

similar between the low dose (10 to 19 Gy) and high dose (≥ 20 Gy) cranial irradiation groups in 

that there was a significant increase in BMI in both groups, with the rate of weight gain being 

greater among the group exposed to the lower dose.  While most of the evidence suggests a link 

between cranial irradiation and obesity in ALL survivors, current treatment protocols limit the use 

of this treatment to high risk ALL patients.  Whether more contemporary treatment regimens, 

which utilize more intensive chemotherapy, confer an increased risk of obesity in ALL survivors 

remains to be seen.  In one study evaluating more recent treatment protocols, increased 

cumulative corticosteroid dose was associated with an increased risk of obesity among ALL 

patients treated between 1993 and 2003.42   

 

Obesity and CNS tumors   

 The majority of children with brain tumors have been treated with cranial irradiation, 

often at high doses (40 to 70 Gy), depending on the tumor histology, age of the child, and decade 

of treatment.  Research evaluating obesity in survivors of childhood brain cancer suggests the 

association is likely due to damage to the hypothalamic region, either caused by the tumor, 

surgery, or cranial irradiation.34  Lustig et al. evaluated the effect of age at diagnosis, tumor 

characteristics, and treatment on the development of obesity in 148 brain tumor survivors and 
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compared the rate of BMI change with the general pediatric population (1999 CDC BMI 

curves).34  Compared with the general pediatric population, the rate of BMI change was 

significantly greater in survivors with tumors located near the hypothalamus, treated with surgery 

(biopsy or gross total resection), treated with high dose (>51 Gy) radiation to the hypothalamus, 

or treated with a hormone replacement therapy for a hypothalamic endocrinopathy (53% of 

survivors).  Consistent with these results are the results of several small studies of children treated 

for craniopharyngiomas,53-55 nonmalignant brain tumors that involve the pituitary and 

hypothalamus, which is associated with a very high risk for the development of obesity.  A small 

study of 26 brain tumor survivors and 29 healthy controls reported no difference in BMI, but a 

significantly greater waist to hip ratio, a measure of abdominal obesity, among survivors.35  The 

investigators did not evaluate measures of obesity based on dose to the hypothalamic region (only 

whole cranium irradiation dose reported: 54 ± 4.7 Gy); however, a substantial number of 

survivors had impaired growth hormone secretion (58%) or growth hormone deficiency (35%), 

suggesting damage to the hypothalamic-pituitary axis.  Less consistent are the results from the 

large CCSS cohort, in which the increased odds of obesity (BMI ≥ 30 kg/m2) were only observed 

in brain tumor survivors (N=921) diagnosed at a younger age (0 to 4 years: OR=2.7, 95% CI: 1.1-

6.3  or 5 to  years 9: OR=3.6, 95% CI: 1.8-6.9 versus 10 to 20 years) or treated with cranial 

irradiation (2- to 3- fold increased risk); however, this effect was only observed in females.56  

When investigators examined the radiation dose to the hypothalamic area, the increased risk of 

obesity was again only observed in females.  Several differences between this CCSS report and 

others should be noted.  First, a smaller proportion of survivors in this study received a high 

radiation dose to the hypothalamic region (≥ 40 Gy: 50% males, 42% females).  Second, growth 

hormone deficiency, the primary endocrinopathy associated with damage to the hypothalamus-

pituitary axis, was assessed by self-report of diagnosis or treatment and reported in only 12% and 

8% of male and female survivors, respectively.  Finally, this study consisted of fewer tumor types 

consistent with involvement of the hypothalamus. 

 

Obesity and other childhood cancers 

 Few studies have reported on body size or composition in survivors of other pediatric 

malignancies.  The CCSS cohort evaluated the odds of underweight or obesity and risk factors 

associated with abnormal BMI in 7,195 survivors primarily in their twenties (63%) and thirties 

(33%).57  Contrary to the increased risk of obesity among ALL and brain tumor survivors 
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reported in other studies, compared with national population-based age- and gender-specific 

norms, there was an increased odds of being underweight among female survivors of Hodgkin 

lymphoma, Wilms tumor, and bone malignancies (without amputation) and among male 

survivors of ALL, CNS tumors, Hodgkin lymphoma, non-Hodgkin lymphoma, Wilms tumor, 

neuroblastoma, and soft tissue sarcoma.  Of note, two thirds of the survivors who were 

underweight reported a major medical condition, moderate or extreme adverse health status, or 

were current smokers; however, whether the conditions proceeded the underweight status is 

unknown given the cross-sectional nature of the study.  Interestingly, among survivors, cranial 

irradiation therapy was significantly associated with both obese (males and females) and 

underweight status (females only), whereas abdominal radiotherapy and total body irradiation 

were associated with underweight in males and females, respectively.  As with previous studies of 

ALL and CNS tumor survivors, chemotherapy exposure was not associated with obesity in 

survivors of other malignancies, but rather was associated with a significantly increased odds of 

being underweight among males (anthracycline plus alkylating agent) and females (alkylating 

agent with or without anthracycline).   

 While there is limited evidence for a higher prevalence of obesity among childhood 

cancer survivors compared with the general population, it is important to note that a sizeable 

proportion of survivors are overweight or obese, and thus still at risk for developing 

cardiovascular risk factors and CVD.  Survivors who are underweight may also be at increased 

risk.  Approximately 50% of childhood cancer patients are affected by cachexia, which is 

characterized by weakness and fatigue and is considered a complex and multifactorial metabolic 

disorder.58   Cancer cachexia often involves loss of lean body mass, systemic inflammation, 

insulin resistance, and other metabolic disturbances.  Long-term metabolic disturbances may 

predispose survivors to subsequent CVD in a manner similar to that proposed by the Barker 

hypothesis,48,59 which suggests that early life malnutrition may program changes in a range of 

metabolic, physiological and structural parameters that contribute to the increased risk of 

coronary heart disease.60 

 

Hypertension 

The prevalence of hypertension in the general pediatric population is increasing, due in 

part to the growing obesity epidemic.61,62  Many of the studies that evaluated cardiovascular risk 

factors in childhood cancer survivors reported mean blood pressure, but few studies specifically 

evaluated the prevalence of hypertension in this population.   
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 Several chemotherapeutic agents have been associated with increased risk of 

hypertension in survivors of adult onset cancers,63,64 primarily platinum based chemotherapy 

(e.g., cisplatin),65-67 which is used in the treatment of testicular, ovarian, cervical, bladder, and 

lung cancers.17  Platinum based chemotherapy can also be used to treat childhood tumors 

including neuroblastoma, sarcomas, and brain tumors.9  Whether survivors of childhood cancer 

treated with platinum based chemotherapy or other types of anticancer therapy have an increased 

prevalence of hypertension compared with the general population is less well known.  Cross 

sectional studies of childhood ALL survivors have reported frequencies of hypertension ranging 

from 14% to 28%, 5 to 25 years since completion of  

treatment.42,50,51,68  Whether this represents a higher prevalence compared with the general 

population is difficult to assess as most of these studies were limited by small sample size and/or 

lacked an appropriate comparison group.   

 Greater prevalences of cardiovascular risk factors including hypertension (41%; 

OR=2.6), hypertriglyceridemia, and visceral abdominal obesity were observed in a group of 

childhood sarcoma survivors treated with intensive multi-agent chemotherapy, compared with US 

population data.44  Few other studies have evaluated hypertension as a late effect of 

chemotherapy, but a high prevalence of hypertension has been reported in cancer survivors 

exposed to other treatments such as corticosteroids or hematopoietic cell transplantation.  For 

example, a study by Chow et al. that examined medical records of 165 ALL survivors reported a 

prevalence of hypertension of 15% at the end of therapy that remained unchanged 2-3 years later. 

ALL patients who were treated with higher levels of corticosteroids were 2.4 times more likely to 

develop hypertension compared with the lowest level.42  In a large, long-term follow-up study of 

hematopoietic cell transplantation survivors (N=1089, ALL=357), survivors of allogeneic 

hematopoietic cell transplantation were 2 times more likely to report hypertension compared with 

sibling controls (N=383).40  The increased risk of hypertension was associated with older age at 

time of interview and higher BMI, but was not associated with age at transplant, total body 

irradiation, or history of chronic graft versus host disease. The evidence regarding the association 

between hypertension and cranial irradiation, while limited, is mixed.  Brain tumor survivors 

treated with cranial irradiation had a worse cardiovascular risk profile compared with healthy 

controls, characterized by significantly higher systolic blood pressure and waist to hip ratio and  a 

less favorable lipid profile.35  This adverse risk profile was more pronounced in survivors with 

growth hormone deficiency.  In contrast, cross sectional studies have reported either no difference 

in frequency of hypertension between ALL patients treated only with chemotherapy compared to 
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those treated with chemotherapy and cranial irradiation 50,51 or  a significantly lower systolic 

blood pressure in patients whose therapy included cranial irradiation.37  While there is evidence 

for an association between hypertension and substantial surgical loss of renal mass in animal 

studies, most studies do not support an increased prevalence of hypertension among Wilms tumor 

survivors whose treatment included nephrectomy (surgical removal of a kidney).69-71   

 

Insulin resistance/Diabetes mellitus 

Insulin resistance has been implicated in the development of other metabolic 

dysfunctions including dyslipidemia and diabetes mellitus.72  Diabetes mellitus is associated with 

the accelerated development of vascular disease.  According to a report released by the Center for 

Disease Control and Prevention (2003), 40% of individuals with diabetes mellitus who were 

greater than 35 years of age had also been diagnosed with cardiovascular disease.   

 Much of the research evaluating glucose and insulin levels in childhood cancer survivors 

has been limited by a small sample size (typically less than 100 subjects), restriction to ALL 

survivors, or lack of an appropriate comparison group.  The results from these studies are 

equivocal regarding whether the prevalence of hyperglycemia or hyperinsulinemia is higher in 

cancer survivors 39,52,73-75 or whether the prevalence is higher among those exposed versus 

unexposed to cranial irradiation during cancer treatment.37,38,50,51  Other studies have suggested an 

increased risk of impaired glucose tolerance,76 hyperinsulinemia,77 or diabetes mellitus 40,78 in 

survivors of bone marrow or hematopoietic stem cell transplantation;a however, these study 

populations included both cancer and non-cancer patients.  Recently, the prevalence of diabetes 

mellitus in survivors of many types of childhood cancer was compared with a sibling control 

group in the large CCSS cohort;b Meacham et al. reported that cancer survivors were 1.8 times 

more likely than sibling controls to report diabetes mellitus.45  Cancer groups associated with a 

significant increased prevalence of diabetes mellitus included ALL (OR=1.8), Wilms tumor 

(OR=2.2), neuroblastoma (OR=2.9), and AML (OR=5.7), after adjustment for BMI and 

demographic factors.  Additionally, there was a suggested increased risk (p ≤ 0.08) for survivors 

of childhood lymphoma (Hodgkin lymphoma OR=1.6, Non-Hodgkin lymphoma OR=1.7).  

                                                      
a The type of diabetes (Type 1 vs. 2) was not available in the study conducted by Baker et al.  Hoffmeister 
et al. reported an increased prevalence of both Type 1 and Type 2 diabetes in transplant survivors. 
b Meacham et al. did not report separate estimates for Type 1 and Type 2 diabetes. The authors estimated 
that at  least 79% of  survivors and 80% of siblings with diabetes had Type 2based on  the  self‐report of 
medication and insulin.  
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Importantly, the diabetes association appears to be driven by cancer treatment rather than cancer 

site, similar to results from other studies of late effects in childhood cancer survivors.  While 

exposure to chemotherapy (alkylating agents, corticosteroids, or anthracyclines) was associated 

with a significant 2 fold increased odds of diabetes mellitus, the estimates were highest for those 

treated with abdominal irradiation (OR=3.4, 95% CI 2.3-5.0) and total body irradiation 

(OR=12.6, 95% CI 6.2-25.3).  Upon further evaluation, survivors of Hodgkin lymphoma, Wilms 

tumor, and neuroblastoma treated with abdominal irradiation were significantly more likely to 

report diabetes mellitus (OR=2.7, p<0.001; OR=2.7, p<0.01; OR=9.2, p<0.001, respectively) 

compared with sibling controls, whereas there was no difference between controls and survivors 

of these tumor types who were not treated with this therapy.  AML survivors treated with or 

without total body irradiation were 24 and 3 times, respectively, significantly more likely to 

report diabetes mellitus compared with controls.  While the increased prevalence of obesity in 

survivors is primarily attributed to exposure to cranial irradiation, there is less evidence for a role 

of this therapy in diabetes as there was only a suggested increased prevalence in ALL survivors 

(OR=1.6, p=0.06) and no difference in prevalence among CNS survivors (OR=1.0, p=0.94) 

compared with controls.  Survivors reporting diabetes mellitus were more likely to be diagnosed 

at an early age (0-4 years compared with 15-20 years), and similar to the general population, 

more likely to be overweight or obese, older, and physically inactive.  

 

Dyslipidemia 

Dyslipidemia is defined as an abnormal pattern of lipids or lipoproteins in the blood, such 

as low levels of high density lipoprotein (HDL) cholesterol or elevated levels of triglycerides or 

low density lipoprotein (LDL) cholesterol.  Abnormal lipid profiles or dyslipidemia have been 

reported as late effects of childhood cancer treatment.37-39,50-52,74,75  Compared with age- and sex-

matched population controls, long-term survivors (13 to 25 years post diagnosis) of childhood 

ALL, sarcoma or CNS tumors were significantly more likely to have lower levels of HDL or 

higher levels of LDL or triglycerides.35,39,44,52,74  In many of the studies, these conditions were 

identified in addition to one or more cardiovascular risk factors including obesity, high blood 

pressure, or insulin resistance.  Among ALL and brain tumor cancer survivors, those treated with 

cranial irradiation, compared with those who were not, were significantly more likely to have an 

abnormal lipid profile.37,38,52,79  These observations were primarily attributed to growth hormone 

deficiency as the majority (85%-91%) of subjects with abnormal growth hormone secretion had 

received cranial irradiation.39,52.  Furthermore, the peak growth hormone secretion was strongly 



19 

 

correlated with abnormal lipid values.  Adverse lipid profiles may be associated with other 

treatment modalities.  For example, sarcoma survivors who were treated with intensive multi-

agent chemotherapy were 3.6 times (95% CI 1.8-7.6) more likely to have hypertriglyceridemia 

compared with age- and gender-matched population data.44  In this study, only one quarter of the 

survivors were treated with cranial irradiation and only 44% were suspected of having growth 

hormone deficiency, which was seen in both those who were and were not treated with cranial 

irradiation.  The authors suggested that gonadal deficiency may play a role in the development of 

metabolic syndrome traits in male sarcoma survivors, since there was an inverse association 

between testosterone levels and the number of metabolic syndrome traits.  The relation between 

testosterone deficiency and metabolic syndrome has also been observed in survivors of testicular 

cancer.66,80   

 

Metabolic syndrome 

Metabolic syndrome, a clustering of metabolic disturbances, has been defined in adults as 

having three or more of the following conditions: elevated waist circumference, hypertension, 

elevated fasting glucose, elevated triglycerides, or reduced HDL.72  Metabolic syndrome is a 

strong predictor of future diabetes mellitus as well as early CVD in adults;72 however, whether 

this clustering of risk factors confers additional predictability over the individual risk factors in 

children and adolescents is controversial.81   

 Whether survivors of childhood cancer have a higher prevalence of metabolic syndrome 

compared with the general population is not well characterized, given the dearth and size of 

studies that have evaluated this research question; however, many studies have reported a higher 

prevalence of two or more cardiovascular risk factors in survivors.  Several studies of childhood 

ALL survivors reported a greater prevalence of two or more cardiovascular risk factors 4,50,51 or 

metabolic syndrome,82 but the associations were driven by type of treatment.  For example, 27% 

and 11% of 80 ALL patients had multiple risk factors and metabolic syndrome, respectively, but 

survivors treated with cranial irradiation were significantly more likely to be obese (39% versus 

21%), have hyperinsulinemia (22% versus 3%), and meet the criteria for metabolic syndrome 

(22% versus 8%) compared with survivors treated with chemotherapy alone.50  Similarly, in a 

smaller study (N=26), ALL survivors treated with cranial irradiation were 2.6 times more likely 

to be obese or have dyslipidemia compared with survivors treated with chemotherapy only, with 

no differences between treatment groups for increased blood pressure or insulin resistance.51   

After a mean of 25 years since diagnosis, there was no difference in the prevalence of metabolic 
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syndrome comparing ALL survivors with population norms (NHANES 1999-2002)(16.6% vs. 

17.5%); however, 60% of subjects treated with cranial irradiation had two or more components of 

the metabolic syndrome compared with 20% of subjects not treated with cranial irradiation.52  

Insufficient or deficient growth hormone secretion was strongly associated with use of cranial 

irradiation during treatment (85% of subjects) and was strongly correlated with the number 

metabolic syndrome components (p = 0.004).  Even fewer studies have evaluated metabolic 

syndrome in survivors of other cancers.  Compared to age- and sex-matched controls, cancer 

survivors (56% ALL) aged 11 to 31 years at the time of the study had a significantly increased 

risk of obesity, hyperinsulinemia, and reduced HDL cholesterol.75  This triad of metabolic 

syndrome traits was observed in 16% of the survivors compared with 0% of the controls.  

Hoffman et al. reported a 2.4 fold increased risk of 2 or more metabolic syndrome traits among 

32 sarcoma survivors compared with age- and sex- matched adults from NHANES (OR=2.4, 95% 

CI 1.1-5.0).44  While survivors aged 18-55 years at the time of the study had a higher prevalence 

of hypertension (OR=2.6, p=0.02), hypertriglyceridemia (OR=3.6, p=0.0006), and visceral 

abdominal adiposity (males only, OR=4.6, p=0.06), a higher prevalence of the metabolic 

syndrome was only observed in the younger group (aged 20-39 years) compared with controls 

(OR=4.3, 95% CI 1.5-11.21). 

 

 

Mechanisms for link between cancer treatments and cardiovascular risk factors 

 Several mechanisms have been postulated to explain how chemotherapy and radiotherapy 

may contribute to CVD and various cardiovascular risk factors in survivors of certain childhood 

cancers.  The mechanisms by which certain chemotherapeutic agents may impair endothelial 

function are presented below along with mechanisms associated with radiotherapy. 

 

Endothelial dysfunction 

Several chemotherapeutic agents have been associated with both acute and late-onset 

cardiac toxicities and abnormalities, but only recently has the effect of these agents on the 

peripheral vasculature been investigated.  Endothelial dysfunction plays a key role in the 

initiation and progression of atherosclerosis, the underlying pathology of many forms of CVD, 

and is an independent predictor of CVD events.83,84  Data from experimental and human studies 

suggest that exposure to some chemotherapeutic agents can lead to endothelial dysfunction.  
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Recently, in vitro and in vivo studies have identified mechanisms by which various 

chemotherapeutic agents can damage the vascular endothelium.  Chronic exposure to 

anthracyclines has been shown to induce cardiomyocyte or endothelial cell death via 

apoptosis.85,86  Cytotoxic effects on endothelial cells have also been documented for an antitumor 

antibiotic (bleomyocin) used in the treatment of lymphomas and germ cell tumors.  Studies of 

survivors of both adult onset and childhood cancer have demonstrated both short-term and long-

term clinical sequelae associated with exposure to chemotherapy.   

 Studies of survivors of adult-onset cancer treated with platinum based chemotherapy 

(e.g., cisplatin) have reported a higher prevalence of endothelial injury or dysfunction compared 

with chemo-naïve survivors (surgical treatment only) or the general population.65,67,87,88  Long-

term survivors of testicular cancer who were treated with platinum based chemotherapy had 

significantly elevated blood pressure, impaired endothelial function, and elevated levels of 

circulating endothelial cells, which are thought to represent endothelial injury, compared with 

survivors treated only with orchidectomy (surgical removal of testes).65  Microalbuminuria 

(increased urinary albumin excretion), an indicator of endothelial dysfunction and an independent 

risk factor for cardiovascular disease, was significantly more frequent among chemotherapy 

treated testicular and ovarian cancer survivors compared with chemo-naïve survivors or 

population data.87-89  Notably, platinum has been detected in serum or urine samples of ovarian 

and testicular cancer survivors up to 20 years after completion of platinum based 

chemotherapy.87,90  Thus endothelial injury or dysfunction may result from the cumulative 

exposure of the endothelial cells to platinum based chemotherapy.65  Recently, the association 

between endothelial dysfunction and anticancer therapy has been evaluated in survivors of 

childhood cancer.  

 Adverse effects on endothelial function have been observed in both short-term and long-

term survivors of childhood cancer.  In a pilot study of 14 childhood and adolescent cancer 

patients who had completed treatment with anthracyclines 2 to 60 months prior to the study, 

endothelial function was assessed using endothelial-dependent flow-mediated dilation (FMD).41  

Compared with healthy controls, the cancer patients had a significantly reduced vasodilation 

(6.7% ± 3.3% versus 3.8% ± 3.4%, p = 0.03).  There were no significant differences in weight or 

blood pressure (systolic or occlusive) between the anthracycline treated patients and controls, nor 

was there a relation between the time elapsed since treatment and FMD response.  These results 

are consistent with a recently conducted study of the long-term effects of cancer treatment on 

endothelial function in adult survivors of ALL.  Even after an average of 20 years since 
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chemotherapy, ALL survivors were found to have poorer endothelial function compared with a 

healthy comparison group.  The FMD response was significantly greater in the healthy 

comparison group (9.5% ± 2.9%) compared with the chemotherapy only group (6.5% ± 2.6%) 

and the chemotherapy plus radiotherapy group (7.1% ± 2.6%).43  Interestingly, the addition of 

radiotherapy did not further impair endothelial function. 

 Other chemotherapeutic agents are associated with acute endothelial insult and could 

potentially contribute to endothelial dysfunction.  Methotrexate, an antimetabolite drug 

commonly used to treat ALL for the past four decades, has been associated with transient spikes 

in plasma homocysteine levels in both cancer and non-cancer patients.91,92  While levels typically 

return to baseline within a 3-7 day period, it has been suggested that repeated homocysteine 

spikes occurring over a 2-3 year period at a critical time during growth and development may 

lead to endothelial dysfunction.93  Evidence suggests that hyperhomocysteinemia (elevated levels 

of plasma homocysteine) mediates endothelial damage through oxidative stress mechanisms, and 

is thought to promote vascular disease through endothelial dysfunction.94,95  Early onset of 

endothelial dysfunction due to repeated homocysteine spikes during the course of therapy, 

particularly if combined with later development of insulin resistance or dyslipidemia, can greatly 

increase a cancer survivor’s risk of premature cardiovascular disease.93  Studies are needed to 

evaluate the effects of contemporary treatment protocols, including intrathecal or intensified 

methotrexate therapy, on endothelial function in childhood cancer survivors. 

 

Radiotherapy 

 The primary potential mechanism by which cranial irradiation may contribute to obesity 

in ALL and brain tumor survivors involves damage to the hypothalamic-pituitary axis, leading to 

leptin insensitivity or growth hormone deficiency.32,96  The hypothalamus may be more 

radiosensitive during periods of rapid brain growth and development, which would also explain 

the differential impact by age at diagnosis, with the strongest effect observed in survivors 

diagnosed at 0 to 4 years of age, followed by those diagnosed at 5 to 9 years of age.32,96  

Additionally, it has been proposed that the differences between the sexes may be due to more 

rapid brain growth in females during early childhood.97,98   

 Abdominal irradiation is also thought to contribute to adverse cardiovascular outcomes, 

especially diabetes mellitus, which are primarily observed in survivors of neuroblastoma, Wilms 

tumor, Hodgkin lymphoma, and acute myeloid leukemia.  Depending on the location of the 

tumor, the field of abdominal irradiation may include the pancreas, possibly leading to B-cell 
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dysfunction.45  Another mechanism includes alteration in levels of adipose-derived hormones, 

such as leptin, resistin, or adiponectin.45 

 Similar mechanisms may apply with regard to the effect of total body irradiation on the 

development of insulin resistance or diabetes mellitus, although the radiation dose to the abdomen 

with total body irradiation is typically half the amount with abdominal irradiation.45  

Alternatively, total body irradiation may lead to growth hormone deficiency and eventually 

insulin resistance as observed in noncancer populations.45 

 

 

Summary and Conclusions 

 Survivors of childhood cancer have been recognized as one of eight pediatric groups at 

high risk for premature CVD, likely due to the intensive therapeutic regimen used to treat their 

cancer.48  Children treated with radiation or corticosteroids have a higher prevalence of obesity, 

dyslipidemia, hypertension and insulin resistance, compared to the general population.33,35,39,42,52,75  

Chemotherapy is the most widely used treatment modality in childhood cancer and various 

chemotherapeutic agents have been associated with diabetes and endothelial dysfunction.41,43  

Early onset of endothelial dysfunction, particularly if combined with insulin resistance and/or 

dyslipidemia, can greatly increase a childhood cancer survivor’s risk of premature CVD.93  

Fortunately, these factors are preventable or modifiable.  Given the young age and potential for 

productivity, childhood cancer survivors are an ideal population for interventions that may reduce 

the amount and degree of treatment related morbidity. 
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Chapter 2: Cardiovascular disease and the potential cardioprotective 
effects of grapes  

 

 

 Despite tremendous improvements in diagnostic abilities and treatment and reductions in 

risk factors, cardiovascular disease (CVD) remains the leading cause of death and disability in the 

U.S.99  Almost 81 million American adults (1 in 3) have one or more types of CVD, which 

includes high blood pressure (hypertension), coronary heart disease, heart failure, and/or 

stroke.100  CVD as the underlying cause of death accounted for 36% of deaths (or 1 in every 2.8) 

in 2004.100  Numerous risk factors for CVD have been identified, many of which are preventable 

or modifiable, including obesity, hypercholesterolemia, diabetes, smoking, and physical 

inactivity.  Given the large number of people affected and the economic and societal costs, there 

has been great interest in developing interventions to prevent, attenuate, or reverse the CVD 

process.  The underlying pathology behind CVD is atherosclerosis. 

 

 

Atherosclerosis and Endothelial dysfunction 

 Atherosclerosis is a chronic inflammatory response that begins during childhood.  

Typically the atherosclerotic process develops slowly over time, potentially manifesting in 

clinical events such as myocardial infarction or stroke five to six decades later.  Endothelial 

dysfunction has been implicated as a key factor in the initiation and progression of 

atherosclerosis, and is an independent predictor of cardiovascular events.83,84,101  Risk factors for 

endothelial dysfunction include many of the same factors that contribute to atherosclerosis and 

CVD including smoking, hypertension, dyslipidemia, and diabetes.84,102  More recently, other risk 

factors have emerged including obesity, systemic inflammation, and hyperhomocystienemia.84  

These risk factors contribute to an overproduction of reactive oxygen species (ROS), which can 

result in oxidative stress depending on the capacity of the body’s antioxidant defense system.103  

Oxidative stress is the primary mechanism by which these risk factors contribute to the 

pathogenesis of endothelial dysfunction.103 

 Endothelial dysfunction is a systemic disorder of the vascular endothelium that affects 

not only the coronary arteries, but also peripheral arteries including conduit and small resistance 

vessels.104  The vascular endothelium is a thin layer of epithelial cells that separates the blood 

from the vascular wall.  The vascular endothelium  plays an important role in several aspects of 
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vascular homeostasis including the regulation of the balance between vasodilation and 

vasoconstriction, anti-thrombosis and pro-thrombosis, and anti-inflammation and pro-

inflammation.  Increased vascular oxidative stress induces changes in the endothelium that 

promote a vasoconstrictive, prothrombotic, and pro-inflammatory phenotype, which is referred to 

as endothelial dysfunction.  This maladaptive endothelial phenotype facilitates antherosclerotic 

plaque formation and progression.  One mechanism by which oxidative stress contributes to this 

pro-atherogenic phenotype is through degradation of nitric oxide, which plays an important role 

in the maintenance of vascular tone and reactivity.105,106  Not only is nitric oxide a key 

vasodilator, but it also has anti-inflammatory and anti-thrombotic properties.  Another mechanism 

involves the oxidation of LDL, which is a key step in the development of atherosclerosis, since 

the presence of oxidized LDL in the vascular endothelium results in a chronic inflammatory 

response in an attempt to remove it.107,108   

 

Measurement of Endothelial Function 

 Endothelium-dependent vasodilation is the most widely used endpoint for the assessment 

of endothelial function.  Assessment typically involves the use of pharmacological or 

physiological stimuli that increase endothelial release of nitric oxide, the major vasodilator.  

Invasive techniques are required to evaluate endothelial function of coronary arteries and thus are 

limited to application in clinical or research settings involving high risk patient groups, such as 

individuals with severe coronary artery disease.  These techniques use quantitative coronary 

angiography to measure changes in the diameter of the artery in response to an infusion of an 

endothelium-dependent vasodilator (e.g., acetycholine).109,110  Non-invasive techniques have been 

developed to assess vascular function in peripheral arteries, such as the brachial artery, which is a 

conduit artery that supplies blood to the forearm.  Studies have demonstrated a correlation 

between vascular function in the coronary and peripheral arteries.111  Additionally, the effect of 

many of the risk factors on coronary and peripheral vasculature may occur in parallel given their 

systemic nature.102  Therefore, the noninvasive measures of peripheral arteries have been and 

continue to be used as a surrogate for the endothelial function of coronary arteries assessed by 

invasive techniques.  The most commonly utilized non-invasive technique involves ultrasound 

imaging of endothelium-dependent flow mediated dilation of the brachial artery during reactive 

hyperemia (transient increase in blood flow).  Essentially, a blood pressure cuff placed on the 

forearm is inflated for five minutes to induce arterial occlusion.  Upon release of the cuff, reactive 

hyperemia occurs, stimulating the release of nitric oxide from the endothelium and subsequent 
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vasodilation (flow-mediated dilation).  As techniques have been developed to measure endothelial 

function, possible interventions have been investigated. 

 

 

Interventions to Improve Endothelial Function 

 Numerous lifestyle and pharmacologic interventions have been evaluated to improve 

endothelial function, with the goal of slowing the progression of atherosclerosis and delaying or 

preventing cardiovascular events.  These include weight loss, physical activity, smoking 

cessation, drug therapies, and antioxidants.  While studies have shown weight loss and exercise to 

be effective at improving endothelial function in the short-term, maintaining weight loss and 

adequate exercise levels over the long term has proven difficult for most individuals.  Several 

pharmacologic agents used to treat  the traditional risk factors for CVD have also demonstrated 

effectiveness in improving endothelial function; these include medications to treat hypertension 

(ACE inhibitors), increase insulin sensitivity in diabetics, and lower lipids (predominantly 

statins). Given the potential for short-term side effects and effects due to extended use, these 

treatments may not be appropriate for all individuals in the early stages of CVD, who have not yet 

manifested clinically detectable disease.  Alternatively, there has been a great deal of interest in 

antioxidant therapies given the role of oxidative stress in endothelial dysfunction and 

atherosclerosis. 

 Numerous studies have investigated the role of antioxidants and endothelial dysfunction.  

Results from large prospective cohort studies suggested a decreased risk of CVD incidence and 

mortality associated with higher consumption of fruits and vegetables.(reviewed in 112)  Vitamins 

C and E and beta-carotene were hypothesized as providing the protective effects, and were shown 

to be effective at inhibiting LDL oxidation and improving endothelial function.(reviewed in 113)  

Thus, these vitamins have been the focus of many randomized clinical trials.  Unfortunately, the 

results have been disappointing.  While a few trials showed a reduced risk of various CVD 

endpoints, many trials showed null results, and some even reported an increased risk associated 

with supplement use.(reviewed in 113)  

 Trials involving combination antioxidant therapies have generally failed to demonstrate a 

beneficial effect, particularly with therapies containing beta-carotene, which has pro-oxidant and 

antioxidant effects.  Nor have the results of combinations of vitamins C and E been encouraging.  

Several explanations have been offered for the failure of these potent antioxidant supplements to 

replicate the results from the observational and experimental studies.  1) The combination 



27 

 

therapies may lack effectiveness in countering the oxidants most relevant to endothelial 

function,84  2) The effectiveness of combination therapies may be dependent on the antioxidant 

status of the individuals being treated,84,113  3)  The relevant time to intervene may be before the 

development of disease,113  and 4)  The bioactivity of a single vitamin may be substantially lower 

than the bioactivity of the combination of phytochemicals (non-nutrient compounds) present in 

whole foods.114  Studies have shown that the antioxidant activity of whole foods, such as fruits 

and vegetables, is primarily due to the combination of phytochemicals.115   

 

 

Flavonoids, Grapes, and Grape Juice 

 Another area of research that has generated considerable interest is red wine, since it was 

posited as the explanation for the “French Paradox”, a lower prevalence of coronary heart disease 

in France despite a high fat diet.  While ethanol causes elevation in high-density lipoprotein 

(HDL) cholesterol,116 which is a protective factor against atherosclerosis, the potential 

cardioprotective effects of red wine have also been attributed to nonalcoholic components, 

primarily polyphenols.  Resveratrol, a type of polyphenol that is found mainly in grape skins, was 

the component of red wine initially thought to be responsible for the health benefits of moderate 

wine consumption;117 however, there is considerable variation in the amount of resveratrol found 

in the many varietals of red wines.  Furthermore, resveratrol is only a minor constituent in red 

wine, thus making it unlikely that the potential protective effects of red wine are due to 

resveratrol.118,119  Instead, the vascular benefits have been attributed to flavonoids, an important 

class of polyphenols.  The potential cardioprotective effects of red wine are somewhat tempered 

by the deleterious effects of alcohol, including adverse effects on the cardiovascular system 

(cardiomyopathy, arrhythmias) associated with heavy drinking.120-123  Since the health benefits of 

red wine are due primarily to the flavonoids present in the grapes, research has been expanded to 

evaluate the potential cardioprotective effects of other grape products, primarily grape juice and 

extracts made from the seeds and/or skins of grapes.   

 Flavonoids are present in many types of foods and beverages besides grapes, grape juice, 

and wine, but the type, amount, and mechanisms of action in terms of health effects of flavonoids 

varies considerably.  Therefore, a summary of the different types of flavonoids and the foods that 

contain them will be provided prior to reviewing the potential cardioprotective effects of grape 

products. 
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Polyphenols and Flavonoids 

 Polyphenols (phenolics) are one of the most commonly studied subclasses of 

phytochemicals.114(Figure 2-1)  Polyphenols, ubiquitous throughout the plant kingdom, are noted 

for their antioxidant and free radical scavenging abilities.  Over 8,000 phenolic compounds have 

been identified from natural products, with significant amounts of polyphenols found in fruits, 

vegetables, grains, and beverages.124,125  Flavonoids, the largest class of polyphenols, are present 

in fruits, vegetables, nuts, seeds, chocolate, as well as beverages such as coffee, tea, wine, and 

grape juice.  This important class of polyphenols has numerous beneficial health effects and is 

primarily known for strong antioxidant activity.  More than 5,000 flavonoids have been identified 

in plants, but only several hundred occur in commonly consumed foods.124  Variations on the 

basic chemical structure differentiate the six subclasses of flavonoids known as: flavonols, 

flavanones, flavanols (flavan-3-ols), anthocyanidins (anthocyanins), flavones, and 

isoflavones.(Figure 2-1)118,124   

 The most commonly found flavonoids in foods are flavonols, and the richest food sources 

include onions, curly kale, leeks, broccoli, and blueberries, but flavonols are also found in 

apricots, apples, and black grapes.  Red wine and tea can also contain a high amount of flavonols.  

Flavanones are found in high concentrations in citrus fruit.  Flavanols consist of two forms: 

catechins (monomers) and proanthocyanidins (polymers).  Catechins are found in fruits (apricots, 

cherries, grapes, blackberries, apples), chocolate, red wine, and tea.  Proanthocyanidins, also 

known as condensed tannins, are responsible for the astringent character of fruit and beverages and 

for the bitterness of chocolate.  Anthocyanins are pigments that are responsible for the dark red, 

blue, or purple colors of fruits and vegetables.  They are most abundant in fruit (berries and 

grapes), but they are also found in red wine, certain leafy and root vegetables, and certain varieties 

of cereals.  Flavones and isoflavones are much less common in fruits and vegetables and are 

primarily found in green leafy spices (e.g., parsley, celery) and soy or soybean-derived products, 

respectively.118,124 
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Figure 2-1.  Classification of phytochemicals, with subclassification of polyphenols and flavonoids.124 adapted from 114. 

Non-flavonoids and flavonoids found  in grapes and grape products are marked by a plus sign (+) and an asterisk (*), respectively.
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Fruit versus Fruit Juice 

 Evidence from comparative studies indicates that grapes have a higher total phenolic 

content than many of the common fruits, including pineapples, bananas, peaches, lemons, 

oranges, pears, and grapefruit.115  The total antioxidant activity is highly correlated with total 

phenolic content.115,126  The phenolic content and antioxidant activity of fruit juice can be 

substantially less compared with the fruit, depending on the type of fruit and the method of 

processing used to produce the juice.  Some flavonoids such as flavonols and anthocyanins are 

found only in the skins of fruit, thus removal of the skins in juice production can result in a 

significant decrease in polyphenol content.  For example, apples have a high phenolic content and 

are a rich source of flavonoids; however, most of the flavonoids are located in the apple skins, 

which are removed during the production of (clear) apple juice.  Conversely, cloudy apple juice, 

or apple cider, while perhaps less visually appealing to some demographic groups, particularly 

children, contains the apple skins and thus much of the flavonoid content.  Similarly, much of the 

flavanone content in citrus fruit is concentrated in the albedo (white spongy portion) and 

membranes, thus an orange may contain 5 times as much flavanones as a glass of orange juice.118  

 

Grape Juice Compared to Other Flavonoid Containing Beverages 

 In contrast with many other types of juice, purple grape juice (PGJ) is made from the 

entire fruit: the skin, seeds, and flesh of purple grapes.  Each of the three components, but 

particularly the skin and the seeds, are a rich source of polyphenols in general and flavonoids in 

particular.  In addition to flavonoids, the major polyphenols found in grapes include phenolic 

acids (hydroxycinnamic acid), tannins, and stilbenes (resveratrol).124  The major flavonoid classes 

found in grapes include flavan-3-ols (catechins, proanthocyanidins), anthocyanidins, and 

flavonols (quercetin).124,127 (marked with a purple ‘*’ in Figure 2-1) 

 Many studies have been conducted to compare and evaluate the total phenolic content, 

number of individual phenolic compounds, and antioxidant properties of alcoholic and non-

alcoholic  flavonoid containing beverages.  In general, red wines were shown to have the highest 

polyphenol content and several types of fruit juice were shown to have a higher content than 

white wine, beer, and vegetable juices.128  Among fruit juices and fruit drinks (less than 100% 

fruit juice), PGJ ranked among the highest in overall polyphenol content as well as the number of 

individual phenolic compounds.119,129  Other high-ranking juices included pomegranate, 

elderberry, black currant, cranberry, and cloudy apple juice (includes apple skins).  The lowest 

ranking juices were clear apple (made without apple skins), white grape, pineapple, and tomato 
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juices.  Consistent among the studies, the total polyphenol content of the flavonoid containing 

beverages was strongly correlated with antioxidant activity.  Furthermore, the ability to inhibit 

LDL oxidation, a test of antioxidant functionality, was highly correlated with both polyphenol 

content and antioxidant activity.  In terms of overall concentration of phenolics, and antioxidant 

potency and functionality, it was concluded that PGJ broadly equates to a light red wine.119,130  

Thus PGJ shares many of the potential beneficial effects of red wine, but without the deleterious 

effects associated with alcohol. 

 While several types of juice may provide equal or greater antioxidant protection 

compared with PGJ, PGJ offers several advantages including taste, availability, and cost.  PGJ is 

naturally sweet and thus does not contain added sugar, unlike most brands of cranberry juice that 

are actually juice drinks or cocktails that contain added ingredients, including other types of juice.  

Other juice types, such as elderberry or black currant, are not readily available in most grocery or 

convenience stores.  Pomegranate juice and juice cocktails have become more popular, but again 

are not always available, and when they are available are usually at higher cost.  Thus PGJ, high 

in polyphenols and flavonoids, is a low cost, easily accessible, and palatable way to provide 

antioxidant protection and improve endothelial function. 

 

 

Potential Cardioprotective Effects of Grape Juice and Grape Extracts 

 The beneficial cardiovascular effects associated with grape juice and grape extracts 

include increased antioxidant capacity, reduced LDL oxidation, decreased platelet aggregation, 

and improved vasodilation.  Furthermore, animal studies suggest grape juice or extracts may 

inhibit or delay the development of atherosclerosis.  Of note, most of the research in the U.S. has 

been conducted with grape juice or grape extracts made with the Concord grape (Vitis labrusca), 

which is a purple grape, whereas the research in Europe has mostly been conducted with grape 

products made from red grapes (Vitis vinifera).  The Concord or purple grapes have a thicker skin 

and larger seeds than red grapes.119  Both species of grapes have been demonstrated to provide 

potential cardioprotective effects using in vitro and in vivo models; however, few studies have 

directly compared grape juice or grape extracts made from these two species of grapes.  A 

summary of the research to date is provided below.  When the type of grape evaluated is known, 

it will be noted when referring to results from individual studies. 
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Antioxidant Capacity and LDL Oxidation 

 One of the detrimental effects of an excess of ROS is the oxidation of lipids and proteins, 

with LDL being an important target.  The oxidation of LDL is a key step in the initiation and 

progression of atherosclerosis.  Oxidized LDL is cytotoxic to endothelial cells, which triggers an 

inflammatory response in an attempt to repair the damage to the arterial wall.  Oxidized LDL is 

ingested by the recruited macrophages, which once loaded with lipids, convert into foam cells and 

adhere to the vascular endothelium (Figure 2-2).  A healthy antioxidant defense system is 

required to balance the ROS and prevent oxidative stress.  

 Consistent with the in vitro studies,131,132 most in vivo studies reported decreased 

susceptibility to LDL oxidation and increased antioxidant capacity associated with short term 

consumption of grape juice or grape extract,132-139 thus suggesting that the metabolically active 

compounds are being absorbed.  Evidence to support the strong antioxidative properties of (red 

and purple) grape juice or grape extracts comes from studies of adults with increased or chronic 

oxidative stress such as smokers,134 hemodialysis patients,135 or CAD patients133 as well as 

healthy subjects139.  Concentrated red grape juice (50 mL 2x/d) consumed for two weeks resulted 

in a significant decrease in plasma concentration of oxidized LDL and an increase in plasma 

antioxidant capacity in both hemodialysis patients and healthy subjects.  Additionally, the lipid 

profile of both groups was improved as the red grape juice supplementation resulted in a 

significant increase in HDL and decrease in LDL.135  In another study, PGJ (4 mL/kg 2d) 

consumed for two weeks significantly decreased LDL susceptibility to oxidation in CAD patients 

despite use of either lipid-lowering medication (67%) or antioxidant therapy (80%) and small 

increases in serum total cholesterol levels.133    

 PGJ may offer additional antioxidant protection over vitamins or lipid lowering 

medications. In a study comparing PGJ (10 mL/kg/d) and α-tocopherol (400 IU/d) during a two 

week period, both supplements significantly increased serum antioxidant activity and reduced the 

rate of LDL oxidation to a similar extent in healthy adults.  Only PGJ significantly reduced 

endogenous plasma protein oxidation.139   
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Platelet Aggregation 

 While platelet aggregation is a necessary event in the formation of a blood clot 

(thrombus) to stop bleeding, a blood clot that forms in the coronary, or carotid or cerebral artery 

can lead to myocardial infarction and stroke, respectively.  Endothelial dysfunction is 

characterized by a pro-coagulatory and pro-thrombotic state, which contributes to the 

atherosclerotic process.  Thus, compounds with antiplatelet properties would be especially 

beneficial in individuals with impaired endothelial function. 

 Evidence from in vitro studies suggest that incubated platelets with various 

concentrations of purple grape products results in decreased platelet aggregation, increased 

platelet-derived nitric oxide production, and decreased superoxide release in a dose-dependent 

relation.140,141  The flavonoids in grape products may inhibit platelet activity and aggregation 

through several mechanisms.  Nitric oxide, in addition to being a potent vasodilator, is also an 

inhibitor of platelet recruitment and thrombosis formation.142  Additionally, the flavonoids in the 

grape products could exert antiplatelet and antithrombotic effects by increasing levels of other 

antioxidants, particularly alpha-tocopherol.143  Like aspirin, flavonoids have also been shown to 

inhibit cyclo-oxygenase,144 an enzyme that produces thromboxane A-2, which causes platelets to 

clump. 

 While these results have been confirmed in animal models of ex vivo platelet activity, the 

results from human studies have been less consistent.  However, several methodological 

differences among these studies may explain the discrepancies in the findings such as the study 

population, method used to evaluate platelet aggregation, dose of grape product, and level of 

control for diet.  For example, in a study of subjects with coronary disease who were already 

taking aspirin, no additional antithrombotic effect was observed for PGJ, although there was a 

significant decrease in platelet-dependent inflammatory markers that have been linked with 

CVD.145  In a cross-over study of white wine, red wine, and PGJ in healthy males, the change in 

platelet aggregation after a four week period of beverage consumption varied by the agonist used 

to induce the aggregation. White wine significantly reduced platelet aggregation with both 

methods, but the results for red wine and PGJ were inconsistent, with no significant changes 

detected in one method and a significant decrease (red wine) and increase (PGJ) in platelet 

aggregation detected in the other method.146  Another study reported beneficial effects 

independent of changes in platelet aggregation.  Plotnick et al. reported no significant alterations 

in lipids, platelet aggregation, or glucose in hypercholesterolemic patients after 2 weeks of daily 



34 

 

consumption of either red wine or PGJ; however, both beverages were associated with improved 

endothelium-dependent vasodilation.147 

 

Endothelial-dependent Vasodilation  

 Evidence from in vitro studies indicates that grape skin extracts or PGJ can induce 

endothelium-dependent vasodilation of coronary arteries, which involves an increased formation 

of nitric oxide.148-150  Results from studies in both healthy and diseased subjects are consistent 

with the in vitro results.  As mentioned previously, assessment of flow mediated dilation (FMD) 

of the brachial artery using ultrasound is the most commonly used non-invasive method for 

quantifying peripheral endothelial function in humans.84  A significant improvement in FMD 

response has been observed with daily intake of a variety of grape products including 

reconstituted freeze-dried grapes,138 grape seed extract,151 and PGJ.133,147,152  (Summarized in 

Table 2-1). 

 Several studies have demonstrated an improvement in endothelial function following 

short-term ingestion of PGJ even in subjects taking antioxidant therapy or other medications 

known to improve vasodilation.133,152  In a small, uncontrolled study of CAD patients (N=15; 

mean age 63) the mean change in FMD response was 4.2% (95% CI 1.7 – 6.8, p = 0.003) after 

two weeks of daily PGJ consumption (4 mL/kg/2x/d), even though the majority of the subjects 

were using antioxidant vitamin therapies (N=12) and lipid lowering medications (N=10).133  The 

change in FMD remained significant after adjustment for antioxidant vitamins, LDL-C levels, or 

lipid lowering therapy.  Further, a significant decrease in LDL susceptibility to oxidation was also 

observed.  Another study evaluated the effects of two doses of PGJ alone and in combination with 

Vitamin E in CAD patients (N=22, mean age 64).152  There was a significant improvement in 

FMD response after four weeks of ingesting PGJ (p = 0.04), with no difference between the high 

(8 ml/kg/d) and low doses (4 ml/kg/d)(mean change = +2.0 ± 4.3% and +2.0 ± 3.6%, 

respectively, p = 0.98).  The improvement in vasodilation was observed despite the frequent use 

of several medications that can improve endothelial function (77% statins, 46% beta blockers, 

23% calcium channel blockers).  When the subjects added vitamin E (400 IU) to the daily intake 

of PGJ for an additional four weeks, no further improvement in vasodilation was observed (mean 

change in FMD = -0.3 ± 3.9%, p = 0.77).152  In a randomized cross-over trial of 16 

hypercholesterolemic patients, FMD significantly improved for both red wine (250 ml/d; 10.1 ± 

6.4 vs. 15.6 ± 4.6%) and PGJ (500 ml/d; 10.9 ± 7.4 vs. 16.9 ± 6.7%) after two weeks of 
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consumption, with an equal length washout period.147  The magnitude of the improvement in 

FMD was not statistically different between the beverages.  

 Other studies have examined the effects of daily ingestion of grape seed extracts on 

endothelial function, with mixed results.151,153-155  Clifton et al. observed a small, but significant 

improvement in FMD response with grape seed extract (2 g/d)(in yogurt) compared with yogurt 

alone in a double-blind, randomized, controlled cross-over trial with 36 adults with above average 

vascular risk.151  In contrast, no significant improvement in endothelial function was observed 

after four weeks of grape seed extract (600 mg/d) compared with placebo in a randomized, 

blinded cross-over study of 32 adults with Type 2 diabetes.153  In a randomized, double-blind, 

placebo-controlled factorial trial designed to evaluate the effects of treatment on blood pressure, 

no significant changes in FMD were observed after six weeks of ingesting vitamin C (500 mg/d), 

grape seed polyphenols (1000 mg/d), or the combination.155  Interestingly, the combination 

treatment resulted in a statistically significant increase in both systolic and diastolic blood 

pressure.  In one of the few studies to evaluate grape extracts on endothelial function in a healthy 

population (35 males, aged 31.4 ± 9 years), no significant improvement in FMD response was 

observed after the two week intervention period.154  Compared with placebo, no effects on 

endothelial function were observed either after a low-fat breakfast or later after a high-fat lunch, 

for either grape solid. 

 Acute effects (within 1-2 hours after ingestion) of non-alcoholic grape products on 

endothelial function have also been demonstrated (Table 2-1).  Significant improvement in FMD 

response 30-120 minutes after ingestion of a single dose of de-alcoholized red wine (250-500 ml) 

has been observed in healthy as well as diseased adults in several cross-over studies.156-158  

Similar or no improvement was observed after a single dose of red wine (250-500 ml).  A 

randomized 3-way cross-over design was used to evaluate the effects of a single dose of red grape 

juice 122.5 ml) vs. red grape juice plus alcohol (vodka: 52.5 ml, 40% ) vs. water consumed with a 

standard meal in ten healthy young subjects (aged 18-32 years).159 Similar increased FMD 

response was observed after meals with grape juice (p=0.006) and grape juice plus alcohol (p = 

0.006), compared with the meal with water.  Lekakis et al. conducted a randomized controlled 

trial to evaluate the effects of red grape extracts (600 mg dissolved in water) compared with water 

alone on FMD response in CAD patients (N=30 males).160  The single dose of red grape extracts 

was associated with an increase in FMD that peaked at 60 minutes after ingestion, which was 

significantly higher than baseline (p<0.001) and placebo (p<0.001). 
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Table 2-1.  Effects of Non-alcoholic Grape Products on Endothelial Function. 
 

 
Author 

Year 
 

Study 
Design 

Subjects 
Grape 

Product 
Dose and Duration Results 

Hampton et al. 
(2010) 

acute, 
randomized,  
3-way cross-
over 

10 subjects red grape juice 
(RGJ) 

RGJ (122.5 ml) vs. RGJ + 
vodka (52.5 ml 40%) vs. 
water - w/ standard meal – 
1 day 

 

↑ FMD response w/ both RGJ alone 
and RGJ + vodka compared w/ water; 
No difference in effects b/w RGJ  & 
RGJ + vodka 
 

Lekakis et al. 
(2005) 

acute, 
randomized 
controlled trial 

30 males w/ 
CHD 

red grape 
polyphenol 
extract 

N=15 - red grape 
polyphenol extract (600 mg) 
w/ water) vs. N=15 - water 
(placebo) – 1 day 

 
↑ FMD response 60 minutes after 
intake of RGPE 
 

Agewall et al. 
(2000) 

acute,  
randomized 
cross-over 

12 young 
healthy subjects 

de-alcoholized 
red wine (dzRW) 

red wine (250 ml) vs. dzRW 
(250 ml) for 1 day 

 

dzRW ↑ FMD response 30-60 
minutes after ingestion; significantly 
more than RW 
 

Hashimoto et 
al. (2001) 

acute, 
randomized 
cross-over 

11 healthy men de-alcoholized 
red wine (dzRW) 

500 ml of Japanese vodka, 
red wine, dzRW, or water 
for 1 day 

 

↑ FMD response observed 30 and 
120 minutes after intake of dzRW; ↑ 
FMD response 120 minutes after 
intake of RW 
 

Karatzi et al. 
(2004) 

Acute, 
blinded 
cross-over 

15 males w/ 
CAD 

de-alcoholized 
red wine (dzRW) 

red wine (250 ml - 1 d) vs. 
dz RW (250 ml - 1 d) 

 

↑ FMD response 30-90 minutes after 
intake of dzRW; no improvement after 
RW 
 

      

Chaves et al.  
2009) 

acute, chronic, 
4-phase 
stepwise 
design 

5 healthy young 
males (mean 
age 24)  

freeze-dried prep. 
of red, green, & 
blue-black CA 
grapes (1 dose ~ 
1.25 cups of 
fresh grapes) 

Single dose: 36 g/mL; 
chronic intake: 
72g/100mL/d for  21 days 

Acute: ↑ FMD response w/in 3 hrs 
consumption 
Chronic: add’l improvement in FMD, ↑ 
total antioxidant capacity 
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Author 

Year 
 

Study 
Design 

Subjects 
Grape 

Product 
Dose and Duration Results 

Stein et al. 
(1999)  

Chronic,  
uncontrolled 15 CAD patients purple grape 

juice (PGJ) PGJ (8 ml/kg/d) for 2 weeks 
 

↑ FMD response 
↓ LDL susceptibility to oxidation 
 

Chou et al. 
(2001) 
 

chronic,  
no controls, no 
randomization 

22 adults w/ 
CAD 

purple grape 
juice (PGJ) 

PGJ (N=11): 8 ml/kg/d and 
PGJ (N=11): 4 ml/kg 1x/d 
for 8 weeks 

 

↑ FMD response after 4 weeks PGJ;  
no further improvement w/ 4 add’l 
weeks of VitE; No sig. diff b/w PGJ 
doses. 
 

Coimbra et al. 
(2005) 
 

Chronic, 
randomized 
cross-over 

16 hyper-
cholesterolemic 
patients 

purple grape 
juice (PGJ) 

PGJ (500 ml/d) vs. red wine 
(250 ml/d) for 14 days 

 

↑ FMD response for both RW & PGJ. 
No difference in effects b/w 
beverages. 
 

Clifton et al. 
(2004)  

chronic, 
randomized, 
controlled 
cross-over 

36 adults w/ 
above average 
vascular risk 

grape seed 
extract (GSE) 
 

GSE (2 g/d) vs. GSE (2 g/d) 
+ quercetin (1 g/d) vs. 
yoghurt alone for 4 weeks 

↑ FMD response (1.1%) w/ GSE 
alone, but not GSE + quercetin, 
compared w/ control.  

Kar et al. 
(2009) 

chronic, 
randomized 
blinded cross-
over 

32 adults w/ 
T2DM 

grape seed 
extract (GSE) 

GSE (600 mg/d) vs. 
placebo for 4 weeks 

 

no significant improvement in 
endothelium-dependent vasodilation 
(inhaled salbutamol to determine 
digital volume waveform) 
 

Van Mierlo et 
al. 
(2010) 

chronic, 
randomized 
placebo 
controlled 
cross-over 

35 healthy 
males 

grape solids 
(wine grape & 
grape seed) 

6 capsules/d (500 mg 
each): wine grape solids vs. 
grape seed solids vs. 
placebo for 2 weeks 

no significant differences in FMD after 
both grape solids treatments 
compared with placebo 

Ward et al. 
(2005) 

chronic, 
randomized 
placebo 
controlled 
blinded 
factorial trial 

69 treated 
hypertensive 
subjects 

grape-seed 
polyphenols 
(GSP) 

Vit C (500 mg/d) + placebo 
vs. GSP (1000 mg/d) + 
placebo vs. Vit C + GSP vs. 
both placebo – 6 weeks 

no significant changes in FMD for any 
of the 3 treatments vs. placebo 
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 Transient impairment of endothelium-dependent vasodilation has been demonstrated in 

both diseased and healthy adolescents and adults.  A single high-fat meal has been shown to 

result in a significant decrease (as high as 50%) in vasodilation up to four hours after 

ingestion.161-164  Several studies have demonstrated this detrimental effect on vasodilation can be 

blocked or reduced by pretreatment or concomitant treatment with vitamin or flavonoid 

supplements.162,163,165  Recently, investigators evaluated the effect of a freeze-dried grape product 

on the “acute endothelial insult” caused by consumption of a high fat meal (49 g total fat) in 

healthy young males.  Three weeks of grape product consumption plus an additional single dose 

of grape product consumed with the high fat meal, abrogated the detrimental effects of the meal, 

which when consumed alone (prior to any consumption of grape product) had resulted in a 50% 

decrease in vasodilation.138 

 

 

Atherosclerosis 

 Animal studies suggest that PGJ may inhibit or delay the development or progression of 

atherosclerosis.166,167  In a hamster model of early aortic atherosclerosis, animals fed red wine, 

dealcoholized red wine, or PGJ had a significant reduction in atherosclerosis compared with 

animals given only water.  When the data were normalized in order to compare equal doses of 

polyphenols, PGJ was twice as efficient at inhibiting atherosclerosis compared with red wine.167 

Another study involving hypercholesterolemic hamsters demonstrated differences in the 

effectiveness in preventing early atherosclerosis between fruit and their juices.  After 12 weeks of 

an atherogenic diet, there was a significant decrease in aortic fatty streak lesion area in hamsters 

receiving PGJ (93%), purple grapes (78%), apple juice (60%), and apples (48%) compared with 

hamsters receiving water (controls).166 

 Animal models have also demonstrated potential cardioprotective effects of grape 

products from various types of grapes on ischemic reperfusion injury.168-171  Excised and perfused 

hearts from rats were made ischemic for 30 minutes followed by 2 hours of reperfusion. The 

results were improved postischemic ventricular recovery and reduced myocardial infarct size 

among rats that were fed with grape products (grape skins, flesh or extracts) prior to induced 

ischemia and reperfusion.168-171  
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Summary of Potential cardioprotective Effects of Grape Products 

 The vasoprotective effects of grape juice and grape extracts are summarized in a figure 

from Leifert et al. (Figure 2-2 below).  Grape products, a rich source of polyphenols in general 

and flavonoids in particular, may contribute to improved endothelial function through four 

interrelated mechanisms.  1) Grape products have been consistently shown to increase serum 

antioxidant capacity, which is important in balancing the ROS and preventing a state of chronic 

oxidative stress.  2) The increased antioxidant capacity and reduction in ROS contributes to 

decreased susceptibility of LDL to oxidation.  This is important given the key role oxidized LDL 

plays in the development of atherosclerosis.  3) Grape products are also associated with a 

reduction in platelet aggregation and increased platelet-derived nitric oxide release, which acts to 

inhibit platelet and monocyte adhesion to the vessel wall, and  4) Grape products contribute to 

increased endothelium-dependent vasodilation mediated by increased bioavailability of nitric 

oxide.  An increased antioxidant capacity leads to a reduction of ROS, which results in increased 

bioavailability of nitric oxide.  Thus, through a combination of these four mechanisms, grape 

juice and grape extracts can improve endothelial function and potentially delay or reduce the 

atherosclerotic progression.     

      

 

Figure 2-2.  Effects of grape products (skin, seed, juice, resveratrol, and so on) on some of the early 

steps of atherosclerosis.  A positive (+) indicates an increase in effect and a negative (−) indicates an 

inhibitory effect. oxLDL indicates oxidized LDL; PGE2, prostaglandin E2.  Figure from Leifert and 

Abeywardena (2008) Cardioprotective actions of grape polyphenols, Nutr Res 28(11): 729-37 172
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Grape Juice versus Grape Extracts 

 There is evidence to suggest that both grape juice and grape extracts provide vascular 

health benefits, but few studies have compared their effects in a trial.  Studies of extracts made 

from the skin and/or seeds of grapes might suggest that these components are the most important 

contributors to the potential cardioprotective effects; however, flavonoids are also present in the 

flesh of grapes and have also been demonstrated to possess cardioprotective abilities on their 

own.169  While the classes and concentrations of flavonoids vary between the different parts of 

grapes, the ROS scavenging activities of the flesh and skin of grapes may be comparable despite 

the lower total polyphenol concentration and lack of anthocyanins in the flesh, compared with the 

skins.169  Furthermore, grape juice has been shown to have greater antioxidant activity compared 

with extracts made from the same grapes used to make the juice, based on the same total 

polyphenol concentration.132  Based on these preliminary results and the additive and synergistic 

effects of the mixture of polyphenols in whole foods, grape juice, made from the entire grape, is 

likely to offer benefits above and beyond that of extracts.  Additionally, the simplicity, 

accessibility, and low cost of grape juice suggest that it would be the preferred grape product to 

evaluate in other high risk populations.  Unlike some interventions, such as weight loss and 

physical activity, regular consumption of grape juice would be an easy behavior to continue at the 

end of a trial, if shown to be effective.  This is particularly the case for individuals who already 

consume some other juice on a regular basis, as it would only require a change from their regular 

juice to grape juice.  Since the majority of the research demonstrating potential cardioprotective 

effects has involved PGJ as opposed to red grape juice, PGJ would be the preferable grape juice 

for study. 

  

Other High Risk Groups that could Benefit from Grape Juice 

 Most of the studies evaluating the protective effects of grape juice have been conducted 

in adults with established clinical disease.  As suggested by the clinical trials of antioxidant 

supplements, the ideal time for an intervention may be during the early stages of disease.  

Atherosclerosis begins in childhood and the extent of atherosclerotic plaque is dependent on both 

the number and intensity of cardiovascular risk factors, the reduction of which can lead to an 

improvement in the vascular profile.  In most children and adolescents, the extent of 

atherosclerotic vascular change is minor, and the progression is slow; however, survivors of 

childhood cancer have been recognized as a group at increased risk of accelerated atherosclerosis 

and manifest CVD early in adult life, likely due to the intensive therapeutic regimen used to treat 
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their cancer.48  PGJ has numerous potential cardioprotective qualities that may reduce some of the 

negative cardiometabolic effects resulting from cancer therapy.  Furthermore, PGJ is a well-

tolerated, inexpensive and natural way to potentially improve cardiovascular health without the 

adverse side effects of drug therapies, such as lipid lowering medications. 
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Chapter 3: The Juice And Vascular Assessment (JAVA) Pilot Study: 
Study design and methods 

 
 

Study Design 

Specific Aims 

 The JAVA pilot study was a randomized controlled cross-over trial to evaluate the effects 

of supplementing meals with purple grape juice (PGJ) on vascular health in survivors of 

childhood cancer.  The primary aim was to evaluate the effect of PGJ on endothelial function, a 

key measure of vascular health and considered a barometer for cardiovascular disease risk.  The 

secondary aim was to evaluate the effect of PGJ on biomarkers of vascular and systemic 

oxidative stress.  

   

Overview 

 Child cancer survivors were primarily recruited from on ongoing NIH-funded study (PI: 

Dr. Julia Steinberger), at the University of Minnesota.  Using a cross-over design, each subject 

consumed both PGJ and the control beverage, thereby serving as their own control.  The control 

beverage, clear apple juice (AJ), was similar in calories but without the flavonoid content of PGJ.  

Upon confirmation of eligibility, the subjects were asked to refrain from consuming any type of 

juice, juice drink (less than 100% juice), wine (red or white), or grapes for the remainder of the 

study.  The rest of the diet was to remain unchanged for the duration of the study in order to 

determine whether an effect could be observed in a free living population.  After a 4 week run-in 

period, subjects were randomized to receive either PGJ or AJ during the first supplementation 

period.  The beverage was consumed twice daily with breakfast and dinner for a duration of four 

weeks.  A four week washout period followed whereby neither beverage was allowed.  During 

the second four week supplementation period, each subject consumed the other beverage.  Clinic 

visits to evaluate endothelial function and collect blood for clinical and biochemical 

measurements were scheduled prior to and after each supplementation period. 
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Figure 3-1.  Schematic representation of the cross-over trial. The control beverage is 

clear apple juice. Vascular and clinical measurements were obtained at each of the 

four clinic visits, which occurred before and after each supplementation. 

 

 

Rationale for the Cross-over Design  

 Specifically, the JAVA study design was a two treatment, two sequence, two period, 

cross-over trial, which is also referred to as the AB/BA cross-over design, which indicates that all 

subjects received the same two treatments, but in a different order.  The cross-over design was 

chosen over a parallel group design in order to increase efficiency.  There are many factors that 

influence endothelial function and between-subject variability was likely to be substantially 

greater than within subject variability.  While a blocked randomized parallel group design, which 

would block on one or more factors, could have reduced some of the between subject variability, 

it would have been difficult to implement given the number of potential blocking factors, 

particularly given the limited number of childhood cancer survivors in a particular geographical 

area that would have been available for recruitment into a pilot study.  Thus if each subject 

received both treatments and served as their own control, a smaller sample size was needed to 

estimate the treatment difference since the treatment comparisons were based on within-subject 

rather than between-subject differences.  Furthermore, the cross-over design was well suited for 

conditions that could not be cured but that could be improved through treatment. 

 

v1 v2 v3 v4Clinical Measurements 

    Run-in                 Supplement   1               washout               Supplement   2 

  week   0                               4 wk                            8 wk                         12 wk                         16 wk       

Childhood 

cancer 

survivors 

N = 24 
Clear Apple Juice Clear Apple Juice

Purple Grape Juice Purple Grape Juice

R
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Study Methods 

Population Source 

 The pilot study recruited participants from on ongoing NIH-funded study of Dr. Julia 

Steinberger called: “Metabolic Syndrome in Childhood Cancer Survivors” (hereafter referred to 

as the Metabolic Syndrome Study).  The purpose of the Metabolic Syndrome Study was to 

compare the risk of metabolic syndrome, a clustering of metabolic disturbances including obesity, 

hyperglycemia, dyslipidemia, and hypertension, between childhood cancer survivors and healthy 

sibling controls.  Eligible subjects were children who were treated for cancer at the University of 

Minnesota / Fairview-University Medical Center or at the Children’s Hospitals and Clinics of 

Minneapolis and St. Paul and who had survived for >5 years after a cancer diagnosis.  Siblings 

were frequency matched to cancer survivors by age and gender.  When recruitment started for the 

JAVA Study, the Metabolic Syndrome Study had enrolled 272 cancer survivors (41% female), 

aged 9-18 years and 154 controls. Study subjects underwent a comprehensive clinical evaluation 

to measure anthropometry, fasting glucose, insulin, and lipids, blood pressure, as well as 

measures of arterial health.   

 Preliminary results, consistent with the literature, indicated an increased risk of CVD risk 

factors in cancer survivors (N=174) compared with sibling controls (N=89). Survivors had 

significantly lower HDL cholesterol and higher triglycerides (the most common form of 

dyslipidemia in metabolic syndrome), despite being similar in overall and abdominal obesity.173 

Further, early signs of vascular impairment, including lower arterial compliance and distensibility 

(indicating greater stiffness) were more often observed in survivors compared with controls 

(p≤0.01). 

 Given the slow rate of enrollment during the first several months and the limited number 

of potentially eligible subjects from the Metabolic Syndrome Study, the JAVA Study also 

recruited patients receiving healthcare at the Long-Term Follow-Up Clinic (LTFU Clinic) at the 

University of Minnesota Physicians Masonic Cancer Clinic.  The LTFU Clinic provides 

healthcare to survivors of childhood or young adult cancer who are either at least five years from 

diagnosis or at least 3 years from a bone marrow transplant.  Long-term follow-up care includes 

education about and screening for late effects of cancer therapy, and monitoring of health care 

needs based on the patient’s risk profile.  The clinic meets two times a week (Tuesday afternoons 

and Friday mornings) and treats 4 to 6 patients a week.  The average age of patients is 20 years. 
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Inclusion and Exclusion Criteria 

 We enrolled survivors of childhood cancer who met the following inclusion criteria: a) 

off-maintenance-therapy for >36 months, b) aged 10 – 30 years,c and c) resided within a 50 mile 

radius of the University of Minnesota General Clinical Research Center (GCRC)d.  While the 

study source population included children who received treatment at a local institution, many of 

the subjects resided either in outstate Minnesota or in nearby states.  Recruitment was restricted 

by geographic location in order to reduce the travel burden of subjects and their families and to 

potentially reduce the number of drop outs, as the study required subjects to travel to the GCRC 

for evaluation of the primary and secondary outcomes (4 visits, one month apart).  Several 

exclusion criteria were in place to limit the amount of within subject variability during the course 

of the study or to reduce the risks of ingesting beverages that had high sugar content.  The 

exclusion criteria included: a) pregnant or planning to become pregnant, b) start of oral 

contraceptives ≤3 months prior to study enrollment, c) current smoker, d) antibiotic use <2 weeks 

prior to study enrollment,e and e) type 1 or 2 diabetes. 

 Recruitment for the JAVA Study began October 1, 2009.  At this time, there were 131 

subjects who completed the Metabolic Syndrome Study and lived within a 30 mile radius (7 

additional subjects were scheduled during October and November).  Of the 131 subjects, the 

mean age of the subjects was 16.5 years, with a range of 9 years to 21 years.  Eighty-two subjects 

(63%) were below the age of 18. 

 

 

 

  

                                                      
c  Initially,  the age  range was 10  to 22 years, corresponding  to  the age of participants  in  the Metabolic 
Syndrome Study. The upper age range was  increased to 30 when recruitment started at the LTFU Clinic, 
given the older patient population.  
d  Initially,  the criteria  for  the distance  from the GCRC was 30 miles, but  it was  increased  to 50 miles  in 
order to increase the number of potentially eligible subjects for the JAVA Study. 
e  Initially, subjects were not eligible for the study  if antibiotics were used  in the past three months. The 
time since last antibiotic use was reduced to <2 weeks prior to study enrollment since the first four weeks 
of the study involved a four week run‐in period with no clinical measurements. A six week period between 
last antibiotic use and clinical measurements was considered adequate for any inflammatory response to 
subside. An exception was made for long‐term antibiotic use for the treatment of acne; these individuals 
were eligible for the JAVA Study. 
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Subject Recruitment and Consent 

 Potentially eligible subjects from the Metabolic Syndrome Study were mailed a letter 

signed by Dr. Steinberger to inform them about a new study that would be conducted in 

childhood cancer survivors (letter included in Appendix B).  Approximately one week later, 

subjects (≥18) or parents/guardians of minors were contacted by the study coordinatorf to 

ascertain interest in learning more about the JAVA  study.  If interested, permission was obtained 

to release the child’s contact information (name, address, telephone number) to the JAVA study 

research staff.  A packet of JAVA Study materials, including an introductory letter, 

assent/consent forms, HIPAA form, instructions for participation, and a response post-card was 

mailed to each potentially eligible subject (letters and forms included in Appendix B). The letter 

provided a brief explanation of the intervention study and invited the subject to participate.  The 

response post-card provided a means to communicate with study staff regarding interest or 

disinterest in learning more about the study.  One to two weeks later, the study coordinator 

contacted the subject by telephone and summarized the goals of the study, answered questions, 

and assessed final eligibility (telephone script included in Appendix B).  Prior to starting the 

intervention, the subjects were asked to refrain from consuming any type of juice, juice drink 

(<100% juice), wine, or grapes for four weeks.  Written informed consent and assent were 

obtained from parents or guardians and study participants prior to the first clinic visit.   

Starting in Februrary of 2010, potentially eligibile subjects who presented for their annual 

follow-up exam at the LTFU Clinic were approached by clinic staff to ascertain interest in 

learning about the PGJ study.  If interested, the subject was provided a packet of JAVA Study 

materials (as mentioned above).  Contact information (name, address, telephone number) was 

only released to JAVA Study research staff if the subject was consented by a member of the 

clinic staff or if the subject chose to review the study materials at home but was willing to be 

contacted by a member of the study staff.   

 

  

                                                      
f  The  study  coordinator  for  the  JAVA  Study  had  been working with Dr.  Steinberger  on  the Metabolic 
Syndrome  Study  and  thus had  IRB  approval  to  contact  the Metabolic  Syndrome  Study participants on 
behalf of Dr. Steinberger. 
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The 100% Fruit Juice Intervention  

Supplement beverages 

An attempt was made to select a control beverage with a similar number of calories; 

however, the primary criteria for the control beverage was a flavonoid content different from 

purple grape juice. Since Vitamin C is a common preservative for bottled juice and an 

antioxidant, it was important to match the Vitamin C content between the two juice types. Old 

Orchard 100% Grape Juice and Mott’s 100% Apple Juice were selected as the study beverages 

based on availability (more common brands), price, taste, and identical Vitamin C 

supplementation.g  The number of calories per 8 ounce serving was 160 and 120 for grape juice 

and apple juice respectively.  

Given the cross-over study design, each subject consumed both beverages, with the order 

being randomized.  The subjects were instructed to drink 6 ounces of juice twice daily, preferably 

with the morning and evening meal.  Each supplementation period was approximately 4 weeks in 

length.  Subjects were instructed to maintain their usual diet and physical activity levels for the 

duration of the study.  

 Details of PGJ including flavonoid content and associated potential cardioprotective 

effects were provided in Chapter 2.  Compared with other types of fruit juice, PGJ ranked among 

the highest in overall polyphenol content as well as the number of individual phenolic 

compounds.119,129  Total polyphenol content, in fruit juice as in red wine, was correlated with 

antioxidant activity.  The antioxidant potency and functionality (inhibition of LDL oxidation) of 

PGJ, among the highest of fruit juices, was comparable to a light red wine.   

 The control beverage, clear apple juice, ranked the lowest among fruit juices in terms of 

polyphenol content, antioxidant potency, and the ability to inhibit LDL oxidation.119,129  While 

clear apple juice contains flavonoids, the type and quantity are substantially different compared 

with PGJ.  Clear apple juice is filtered to remove any apple solids, primarily the skins, which 

contain the majority of flavonoids present in apples.  Nevertheless, clear apple juice is 100% fruit 

juice with other nutritional benefits including an ample dose of vitamin C. 

 

  

                                                      
g Both study beverages are 100% fruit juice with no added sugar and with 120% adult DV of Vitamin C. 



48 

 

Dose 

 For this juice intervention study in adolescents and young adults, dose and duration were 

based on interventions with PGJ in healthy and diseased adults, since prior research on PGJ and 

cardiovascular health had been conducted in adults.  In a study of 18 hypercholesterolemic 

patients and 24 healthy controls, a significant improvement in endothelial function was observed 

after consuming 500 ml/d (16.9 oz/d) PGJ for two weeks.147  Similarly, another study reported 

improved endothelial function and reduced LDL oxidation in patients (N=15) with coronary 

artery disease after ingestion of 4 ml/kg twice daily of PGJ for two weeks, which corresponds to 6 

to 9 ounces twice daily for individuals weighing 100 – 150 pounds.133  A third study assessed the 

effects of two doses of PGJ on endothelial function in patients (N=22) with coronary heart 

disease.152  Half the group received 4 ml/kg/d and the other half received 8 ml/k/d of PGJ.  After 

four weeks, improved endothelial function was observed in both groups, with no significant 

difference in mean change between the two doses (p = 0.98).  Based on these data, the dose 

selected for this pilot study was 6 ounces of juice twice daily.  The selected dose was within the 

limit recommended by the American Academy of Pediatrics, which suggested an intake limited to 

8-12 ounces per day for children 7-18 years old.174  While two 6 ounce glasses of 100% fruit juice 

were equal to two servings of fruit, it was recommended that additional fruit servings come from 

whole fruit, which includes fiber and takes longer to consume the same  kilocalories.174 

 

Storage, Dispensing, and Packaging of Study Beverages 

 The total number of juice containers for the entire study was purchased from the same lot 

number prior to enrolling subjects.  The containers were stored at room temperature prior to 

dispensing.  Seven 64 ounce plastic containers were given to the subjects at the clinic visit 

preceding one of the two supplementation periods (clinic visits 1 and 3).  No attempt to disguise 

the brand or type of juice was made.  The bottles were labeled with a brightly colored sticker to 

distinguish the study beverage from any other juice containers in the home.  The label contained 

the name of the study and the number of ounces (6) to be consumed twice daily.  Subjects were 

reminded to refrigerate the container after opening.  Subjects were instructed to return any 

leftover container(s) at the following clinic visit.  The plastic containers were delivered to the 

subject’s vehicle by study staff.  Subjects also received a plastic measuring cup with the 6 ounce 

level clearly marked to help with pouring the designated amount.   
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Randomization  

 As mentioned previously, the order of the two study beverages was randomized, with half 

of the subjects receiving PGJ and the other half receiving AJ in the first period.  The generation 

and implementation of the random sequence of beverages was conducted by different individuals, 

in order to blind investigators from the randomization assignment.  The random allocation 

sequence was generated by a computerized random number generator.  The sequence allocation 

generated by the computer (PGJ, AJ vs. AJ, PGJ) was placed in a sequentially numbered, opaque, 

sealed envelope, in order to conceal the allocation sequence from the study coordinator who was 

enrolling participants and assigning the beverage type.  The sealed envelope was opened by the 

study coordinator to reveal the sequence assignment the day prior to the first clinic visit.  

Compliance 

 Subjects were given a calendar to take home to help track their juice intake during each 

supplementation period (calendar included in Appendix B).  Subjects were instructed to record 

their daily intake of juice and return the calendar at the next clinic visit.  Additional, subjects 

were asked to return any non-empty juice containers at the following clinic visit.  Adherence to 

the protocol during the run-in and washout periods was assessed through the flavonoid 

questionnaire (see questionnaires below) and questions regarding last juice intake.  Given 

budgetary constraints, we were not able to assess blood flavonoid levels, but the remaining 

samples were stored for future biomarker studies.  Nevertheless, we expected that this study 

population would be highly motivated, and that compliance would be less of an issue.  

 

Blinding 

 This was a single blind study as the beverages looked and tasted different from each other 

and would likely taste familiar to those individuals who were consuming either beverage prior to 

the intervention.  Neither the subjects nor their parents or guardians were told about the study 

hypotheses and since both beverages were 100% fruit juice, commonly believed to have 

nutritional benefits, the lack of subject blinding was expected to have little impact, if any, on 

compliance and drop-out rate.  Investigators and clinic and lab technicians were blinded to the 

randomization sequence. 
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Subject Stipends 

Study subjects were provided a small stipend for study participation and to compensate 

for any study-related costs.  Subjects received a $50 Target gift card at the end of each clinic visit, 

for a total of $200 in gift cards for completion of the entire study.h  Additionally, subjects were 

reimbursed for parking while attending the GCRC for evaluation of study outcomes. 

 

Participant Flow 

 Each subject was allowed to choose their own start date for the intervention.  The study 

began with a four week run-in period whereby the subjects were asked to refrain from consuming 

any type of juice, juice drink (<100% fruit or vegetable juice), wine, or grapes.  Approximately 1-

2 weeks into the run-in period, the study coordinator contacted the subject by phone or e-mail to 

schedule the first clinic visit, depending on the research subject’s preferred method of 

communication.  A letter confirming the appointment was mailed to each subject one week prior 

to their clinic visit and reminding them to fast for at least 12 hours and to bring a list of 

medications (letter included in Appendix B).  All clinic visits occurred at the University of 

Minnesota GCRC. Each clinic visit included verification of study eligibility, anthropometrics, 

vital signs, a test of vascular function, a blood draw, a physical activity questionnaire (baseline 

visit only), a brief dietary questionnaire, and a brief assessment of other factors that may affect 

vascular function.  The second clinic visit was scheduled after four weeks (ideally ± 3 days) of 

the first supplementation period.  The next four weeks of the study involved a washout period, 

whereby the subject was reminded to refrain from consuming any type of juice, juice drink, wine, 

or grapes for the next four weeks.  At the third clinic visit the subject received a four week supply 

of the second beverage in the allocation sequence.  The study ended with a fourth clinic visit at 

the end of the second four week supplementation period.  The entire study commitment was 

approximately 16 weeks. 

 

  

                                                      
h Initially, the compensation amount was $50 in gift cards for the entire study ($15 after visits 1 and 4, $10 
after visits 2 and 3).  The increase to $200 total was made because of the slow rate of accrual during the 
first four months of recruitment and the most commonly cited reasons for refusal (lack of compensation 
and/or the time commitment for the study). 



51 

 

Data Collection 

 All data for the JAVA Study were collected during the clinic visits, which were 

conducted at the GCRC.  Clinic visits were scheduled prior to and after each supplementation 

period (weeks 4, 8, 12, and 16; Figure 3-1) and subjects were asked to provide a fasting venous 

blood sample.  At the beginning of each clinic visit, the study coordinator asked the study 

participant or their parent/guardian about factors that may affect vascular function, including 

over-the-counter (e.g., NSAIDS, cold medicine) and prescription medications, individual and 

multi-vitamins, caffeine consumption, and phase of menstrual cycle.  Cancer therapy was 

collected as part of the Metabolic Syndrome Study and was made available for use in the JAVA 

study per subject approval.  The following procedures were performed in the order listed, unless 

otherwise specified. 

 

Anthropometrics 

 All anthropometrics were obtained by the study coordinator at the beginning of the clinic 

visit.  Height (without shoes) was measured to the nearest 0.1 centimeters (cm) using a 

stadiometer.  Weight (including light clothing) was measured to the nearest 0.1 kilograms (kg) 

using an electronic scale.  Body mass index (BMI) was calculated as the weight (kg) divided by 

the square of the height (m2).  Waist and hip circumference were measured to the nearest 0.5 cm 

using a non-stretching anthropometric tape.  The average of two measurements was used in the 

analyses.  Waist circumference was measured at the midpoint between the superior iliac crest and 

the base of the rib cage.  Hip circumference was measured at the point of maximal protuberance 

of the buttocks.   

 

Blood Pressure and Heart Rate 

 The blood pressure and heart rate measurements were obtained by the study coordinator 

using a portable automated blood pressure device (Colin Press Mate model BP-8800C).  Sitting 

blood pressures and heart rate were measured after the patient had been resting quietly without 

legs crossed for 10 minutes.  Blood pressure and heart rate were measured three consecutive 

times at approximately 3-minute intervals.  The three independent measurements were recorded 

and the average of the last 2 measurements was used for analyses.   
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Questionnaires 

 The subjects completed two brief surveys during the clinic visits.  The study coordinator 

was available to assist either the subject or the subject’s parent or guardian with completion of the 

surveys.  Since physical activity levels can also affect vascular function, activity was assessed via 

a questionnaire at the baseline clinic visit (questionnaire included in Appendix C).  The 

Modifiable Activity Questionnaire for Adolescents assessed recent activity (past two weeks) and 

past year leisure-time physical activity, which included type of activity, and months per year, 

days per week, and minutes per day, for each activity reported.  The Modifiable Activity 

Questionnaire (for adults) was similar in content, except it did not assess recent activity. 

 In order to help minimize secular trends in consumption of foods high in flavonoids such 

as fresh berries, the intervention period was scheduled between fall (October) and spring (May).i  

A brief dietary assessment of flavonoid rich foods and beverages was obtained during each of the 

four clinic visits in order to evaluate potential secular trends in flavonoid intake (flavonoid 

questionnaire included in Appendix C).  The flavonoid questionnaire assessed the number of 

times during the past month the subject ate each fruit and vegetable listed. 

 

Endothelial Function 

The primary outcome of the study was change in endothelial function. Endothelial 

function was assessed at each clinic visit using peripheral arterial tonometry (RH-PAT), a non-

invasive method to measure changes in peripheral endothelial function during reactive hyperemia.  

This new technology, which measures basal and reactive hyperemia pulse volume changes in the 

finger, is less expensive and less operator-dependent than brachial artery flow-mediated dilation 

(FMD), the standard non-invasive method.  Additionally, RH-PAT is more mobile and therefore 

easier to implement in larger studies, which is especially important for studies of rare diseases 

(like childhood cancer) that will likely require more than one test site, and thus a measurement 

technique with minimal intra- and inter-observer variability.  RH-PAT measures correlate well 

with coronary endothelial function,175 FMD,176 and CVD risk factors176,177 in adults and have 

good reproducibility.101,178  Several studies of children or adolescents at high risk for 

cardiovascular disease have demonstrated endothelial dysfunction using the RH-PAT method.179-

                                                      
i  The study was designed to start in the fall and be completed by summer, although delays in recruitment 
as well as drop outs during the run‐in period  led to a  longer overall study duration. Recruitment results 
are presented in Chapter 4. 
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181  Furthermore significant improvements in peripheral endothelial function have been 

demonstrated in intervention studies using RH-PAT.101,182,183   

 

 
 

Figure 3-2.  Schematic of the use of Endo-PAT device to measure pulse wave 

amplitude as a measure of endothelial function.179(adapted from Itamar Medical 

Ltd)184  Note that for the JAVA study, the subjects were in the supine rather than 

seated position both before and during testing. 

 

 

Endothelial function was assessed in a quiet, temperature controlled environment by a 

trained Vascular Lab technician in the GCRC.  Digital reactive hyperemia was assessed by non-

invasive measurement of pulse amplitude in both the test arm and the control arm (EndoPAT 

2000, Itamar Medical, Caesarea, Israel).  Measurements from the control arm were used to correct 

for systemic vascular changes that were likely to affect both arms, such as transient 

environmental effects or alterations in autonomic tone and is considered one of the 

methodological advantages of  RH-PAT.184  Prior to the test, patients rested quietly for 15 

minutes in the supine position.  Finger probes were placed on the index fingers of both hands to 

measure baseline and reactive hyperemic pulse amplitude (Figure 3-2).  These probes inflate to 

apply a uniform pressure on the fingers and sensors inside the probes detect small pulse volume 

changes throughout the cardiac cycle.  Following the collection of 5 minutes of baseline data, a 

reactive hyperemia procedure was performed by occluding the brachial artery of the test arm with 

a blood pressure cuff.  The cuff was placed on the upper forearm (just below the elbow) and 



54 

 

inflated to a suprasystolic level for 5 minutes.j  Following cuff release, the change in pulse 

amplitude during reactive hyperemia was measured for 5 minutes.   

The data collected were automatically analyzed by the software package, which is part of 

the Endo-PAT 2000 device.  The ratio of the hyperemic and the baseline pulse amplitude 

(corrected for the same ratio on the control finger) were calculated and expressed as the RH-PAT 

index score.  Lower RH-PAT index scores reflect greater endothelial dysfunction.  Figure 3-3 

illustrates the pulse wave amplitude recordings at baseline, during unilateral cuff occlusion, and 

during reactive hyperemia for a healthy individual with normal endothelial function (A) and an 

individual with multiple cardiovascular risk factors and poor endothelial function (B).177  The 

response to the release of the blood pressure cuff in the healthy individual is a rapid increase in 

blood flow (A) whereas the response is blunted in the high risk individual (B).  In the control 

finger, the blood flow is continuous, with minimal changes in pulse wave amplitude. 

  

 

Figure 3-3.  Pulse wave amplitude recordings at baseline, during unilateral cuff 

occlusion, and during reactive hyperemia for a healthy individual (A) and a high 

risk individual (B) (top panels).  The recordings for the contralateral control 

finger are depicted in the bottom panel.   

 

 

                                                      
j Suprasystolic  level was determined as  follows: Start with occluding to 50 mmHg above resting systolic 
pressure and then check the amplitude signals.  If not fully occluded, increase until no regular amplitude 
pattern is detected (indicating full occlusion). 
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Of note, early in the study we experienced an issue with the EndoPAT device such that 

upon completion of the vascular assessment, the RH-PAT index score was not automatically 

generated by the EndoPAT software.  After the first missed calculation, presumably due to 

malfunction of the device (hardware or software), the study protocol was modified to repeat the 

vascular test, provided the participant was willing to undergo a second test.  The subject was 

asked to rest comfortably in another room for a minimum of 15-20 minutes before redoing the 

test.  As per the original protocol, the blood draw was always performed at the end of the clinic 

visit, in order to eliminate any potential effects due to stress induced by the blood draw on the 

other measurements.   

After the initial failure, the device failed twice more to produce the RH-PAT index score 

at the end of the test.  Only one of the two individuals was willing to repeat the test, thus despite 

vascular testing on all subjects at each of the four clinic visits, two measurements (different 

individuals) were missing. 

 

 

Blood Draw for Clinical Measures and Biomarkers of Vascular and Systemic Oxidative Stress

 As previously mentioned, subjects were asked to fast for at least 12 hours prior to each 

clinic visit. Twenty milliliters of blood was drawn from an antecubital vein into EDTA tubes by a 

trained phlebotomist.  Samples were centrifuged within 30 minutes of collection.  Plasma samples 

for biomarkers were flash-frozen and stored at -70°C until analysis at the end of the study.  Fresh 

plasma samples to assess fasting glucose, insulin, and the full lipid panel were analyzed at 

Fairview Diagnostic Laboratories, University of Minnesota Medical Center, Fairview.   

 The secondary outcomes for the study consisted of selected blood biomarkers that were 

chosen to evaluate the potential antioxidant effects of PGJ and to determine whether the 

hypothesized improvement in endothelial function was due to reductions in oxidative stress and 

inflammation.  The primary biomarker of interest was oxidized LDL, a marker of both vascular 

and systemic oxidative stress, and shown to be reduced by daily consumption of PGJ in previous 

studies.133,139  Another biomarker of interest was myeloperoxidase (MPO), a molecule that is 

secreted during the vascular inflammatory response to oxidative stress, which results in the 

formation of potent oxidants and plays a role in oxidative stress.185  High-sensitivity C-reactive 

protein (hs-CRP, aka ultra-sensitive CRP), a marker of inflammation, is thought to play a role in 

the early stages of atherosclerosis, including endothelial dysfunction.186  
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 It is important to note that other biomarkers were also of interest, particularly biomarkers 

of endothelial activation, but due to budgetary constraints, were not part of the initial analysis.  

Extra blood was collected to perform future additional analyses.  Secondary biomarkers of 

interest include AMDA, a marker of endothelial activation and nitric oxide bioavailability,187,188 

and circulating adhesion molecules (intercellular adhesion molecule (ICAM), vascular cell 

adhesion molecule (VCAM), p-selectin, and e-selectin), which are markers of endothelial 

activation in response to inflammatory cytokines or oxidized LDL.185,189  Additional molecules 

that are secreted during the vascular inflammatory response to oxidative stress include monocyte 

chemoattractant protein, a key player in the recruitment of inflammatory cells to the vascular 

wall,185 and von Willebrand factor, which mediates platelet adhesion to damaged endothelium.189  

Assays for lipids, glucose and insulin were conducted at Fairview Diagnostic 

Laboratories.  Cholesterol, triglycerides, and glucose were determined by colorimetric reflectance 

spectrophotometry.  Insulin was determined by chemiluminescent immunoassay.  Oxidized LDL 

(oxLDL; Mercodia, Winston-Salem, NC), myeloperoxidase (MPO; R&D Systems, Minneapolis, 

MN), and high sensitivity C-reactive protein (hs-CRP; ALPCO, Salem, NH) were analyzed in the 

University of Minnesota Cytokine Reference Laboratory using enzyme-linked immunosorbent 

assay. The intra- and inter-assay coefficients of variation were as follows: oxLDL 5.5-7.3 and 

4.0-6.2; MPO 6.6-7.7 and 6.5-9.4; hs-CRP 5.5-6.0 and 11.6-13.8.  All samples from one subject 

were analyzed within the same run to prevent between-run analytical variation.  Both the 

Cytokine Reference Laboratory and Fairview Diagnostic Laboratories are licensed under the 

Clinical Laboratory Improvement Amendment of 1988 (CLIA ’88). 

  

 

Statistical Analyses 

Derived Variables 

BMI percentiles and categories.  BMI percentiles for subjects <20 years were determined 

according to the 2000 CDC Growth Charts for the United States.190  Age- and sex-specific BMI 

percentiles were used to classify subjects as underweight (<15th percentile), normal weight (15th to 

<85th percentile), overweight (≥85th to <95th percentile), and obese (≥95th percentile).190  For the 

subject older than 20 years, overweight (≥25 kg/m2) and obese (≥30 kg/m2) were based on the 

World Health Organization definitions.191 
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Blood pressure percentiles.  Age-, sex-, and height specific blood pressure percentiles for 

adolescents (less than 18 years) were determined according to the National High Blood Pressure 

Education Program Working Group on High Blood Pressure in Children and Adolescents.192 

Height percentiles were determined from the 2000 CDC Growth Charts.190  Blood pressure 

percentiles for age, sex, and height were computed using the regression coefficients from blood 

pressure regression models provided in Appendix B of the report.192 

 

Metabolic equivalent (MET) hours/week.  MET hours per week of physical activity during the 

past year were calculated using the activity codes and MET intensities from the Compendium of 

Physical Activities.193  Since the activity questionnaires did not assess intensity of each activity, 

the MET intensity selected from the compendium corresponded to the general category of the 

specific activity.  For example, if a study participant reported running as one of their activities, 

the specific activity code and MET intensity used were 12020 and 7.0, respectively, 

corresponding to the specific activity of  “running”, example “jogging, general”; other MET 

intensities for running required the number of miles per hour or number of minutes per mile.  The 

number of MET hours/week for the past year was calculated as the sum of MET hours/week for 

each activity, which was calculated as follows: 

 

No. mos*yr-1 * 4.3 wk*mo-1 * No. d*wk-1 * No. hr/d * 1 yr*52 wk-1 * No. METS = 

MET h*wk-1 for past year for a specific activity 

 

Fruit and vegetable servings per day.  The categories for frequency of fruit and vegetable intake 

during the past month included “never”, “1-2 per month”, “Less than 1 per week”, “2-4 times per 

week”, and “5 or more times per week”.  These answers were assigned values of 0, 1.5, 2.165, 

12.99, and 25.98, respectively, in order to estimate the average number of times a particular fruit 

or vegetable was eaten during the past month.k  The sum of the number of servings per month for 

all fruits and vegetables was divided by 30.4375 days/month to estimate the average number of 

fruit and vegetable servings per day, during the previous month.  This was repeated for the 

flavonoid questionnaires completed at each of the three other clinic visits. 

                                                      
k For answers in terms of the number of times per week, the average of times per week was multiplied by 
4.33 weeks/month to determine the average number of servings in the past month. 
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Data Analysis 

 Prior to regression analyses, descriptive statistics and graphs were performed to examine 

the distribution of the outcome variables.  Plots were created to provide an overview of the data 

without any restrictions and to highlight important features of the data.  For example, plots were 

created to examine period effects and treatment effects and to identify potential outliers.   

Descriptive statistics including means, standard deviations, frequencies, and percentages 

were calculated for demographic, cancer and treatment characteristics of the study participants 

(Tables 4-1, 4-2, and 4-3).  Many of the clinical measurements (e.g., lipids, BP; baseline and/or 

period differences) were skewed, but since the log transformation was not always successful at 

normalizing the distribution for skewed variables, medians and interquartile range (IQR) were 

reported and non-parametric analyses were used to compare within and between juice changes 

(Tables 4-4 and 4-5).  The Wilcoxon signed rank test in SAS PROC UNIVARIATE was used to 

evaluate whether the difference in clinical measurements was significantly different from zero for 

each juice type.  To compare the effects of each juice on change in measurements, SAS PROC 

NPAR1WAY was used to perform the Wilcoxon rank sum test adjusting for period effects.  The 

p-values from paired t-tests for normally distributed clinical variables were not appreciably 

different from the p-values from the non-parametric test, thus the p-values from the non-

parametric tests are reported for all clinical variables in Table 4-9.  Note that changes in the 

clinical measurements (weight, lipids, BP, glucose, insulin) were not expected as a result of the 

juice intervention; however, these measures were taken in order to characterize the study 

population and to verify that there were no adverse effects associated with the dose and duration 

of juice consumption. 

   

Regression Analyses for Primary and Secondary Outcomes 

 The regression analyses for both the primary (endothelial function) and secondary 

outcomes (biomarkers of oxidative stress and inflammation) utilized the same analytic approach.  

Exploratory data analyses revealed a strong right skew to the difference in hs-CRP values, thus 

hs-CRP was natural log transformed prior to regression analyses.  Model diagnostics indicated a 

departure from normality for the residuals for MPO, thus MPO was also natural log transformed.  

Prior to running the regression analyses, the data were organized as two observations per subject, 

with variables for change in outcome, subject, period (1 or 2), juice (PGJ or AJ), group 

(sequence) (1: PGJ, AJ or 2: AJ, PGJ), and baseline (pre-supplementation value).  For example, 
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the data for the RH-PAT index score for subject 1 would be represented as follows: 

 

  CHANGE   SUBJECT   PERIOD   JUICE   GROUP   BASELINE 

      0.32             1              1             PGJ          1             1.50 

             0.05             1              2              AJ           1             1.55  

 

 The analytic approach incorporated the baseline information, i.e., the values obtained 

before each of the two supplementation periods.  The advantage of using baseline data is that it 

may increase the precision of the treatment effect by reducing the variability of the estimate.  This 

approach used a mixed effects analysis of covariance (ANCOVA) model, which included period, 

group, juice, and baseline as fixed effects.  Rather than treating subject as a fixed effect, the 

subject effect was split into two parts: group and subjects within group.  By treating subject 

within group as a random effect, a test for carry-over was performed by comparing the two 

sequence groups (PGJ, AJ vs. AJ, PGJ).  Thus by including group in the model, the treatment and 

carry-over effects were adjusted for one another.  It is recommended that the term for carryover 

effect be included in the model, regardless of significance, for two reasons.  The AB/BA cross-

over design results in a less precise estimate of the cross-over effect (low statistical power), thus 

in order to reduce the chance of making a type I error, it should be left in the model.  Secondly, 

the treatment and carry-over effects are not orthogonal to each other, thus the treatment effects 

must be adjusted for carry-over effects and vice versa.  This approach is only useful if the cross-

over study has been designed to include a run-in and washout period of sufficient length to 

eliminate any carry-over effects of the juice and if the baseline information will provide 

additional information not already accounted for by the subject and period effects.   

 For normally distributed variables (RH-PAT index scores, oxLDL), data are reported as 

means (SD) and difference of least square means (95% CI).  For the log transformed variables 

(MPO, hs-CRP), data are reported as median (IQR) and means (95% CI). (Table 4-7)  For the log 

transformed variables, the least square means were back transformed (exponentiated) to obtain 

means on the original scale.  The difference of least square means was back transformed 

(exponentiated) to obtain the ratio of means in the two juice groups.  The 95% CIs were also back 

transformed.  For all outcomes, the adjusted differences and p-values reported are for the 

comparison of the effects of purple grape juice to clear apple juice. 

 We evaluated sex, baseline physical activity levels, fruit and vegetable daily servings, 

and BMI as effect modifiers of the effect of juice supplementation on endothelial function.  

Significance was determined by an F test of the interaction term.  Change in RH-PAT index 
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scores are reported as least square means (standard error (SE)) and differences of least square 

mans (95% CI)(Table 4-8). 

 

 

Power and Sample Size Estimation 

 The main advantage of the cross-over design is the ability to reduce inter-individual 

variability as each study participant serves as their own control, thus reducing the sample size 

needed to detect the difference in the outcome of interest.  While many studies have evaluated 

endothelial impairment or dysfunction in children and adolescents, little information is available 

regarding changes in endothelial function associated with an intervention.  Compared to healthy 

controls, studies have shown childhood cancer survivors have, on average, a 2.5-3.0% lower 

FMD response.41,43  Antioxidant therapy significantly improved FMD response in children with 

hyperlipidemia by 2.8-3.8%.194,195   However, for reasons listed on page 53, endothelial function 

was measured by RH-PAT in this pilot study.  

 When the JAVA Study was designed, there were no data available in children regarding 

antioxidant therapy related changes in endothelial function measured by RH-PAT nor were there 

data available regarding RH-PAT scores in childhood cancer survivors.l  However, studies had 

demonstrated impaired endothelial function using RH-PAT in children with Type 1 Diabetes or 

obese adolescents compared with healthy controls.  The mean RH-PAT index score (ratio of RH 

pulse volume to basal changes) was 1.63 ± 0.5 in children with Type 1 Diabetes (N=44; age 14.6 

± 2.7 years) compared with 1.95 ± 0.3 in healthy controls (N=20; age 14.1 ± 1.5 

years)(p=0.01).179  Results from a smaller study of 23 adolescents with Type 1 Diabetes and 23 

healthy controls were similar, with RH-PAT index scores of 1.78 ± 0.4 and 2.06 ± 0.4, 

respectively (p=0.02).164  Similarly, obese adolescents with impaired insulin sensitivity had a 

significantly lower mean RH-PAT index score compared with healthy, non-obese controls (1.51 ± 

0.4 vs. 2.06 ± 0.4; p=0.002).180  The reproducibility of RH-PAT was evaluated in 30 healthy 

fasting adolescents, ages 13 to 19 years.  Testing was performed on two different days (median 2 

days apart, range 1-7 days).  The mean difference in paired RH-PAT scores was 0.12 (-0.09 to 

0.33; p=0.24) and the within-subject variance was 0.16.178 

                                                      
l Recently (2010) a study on vascular function in 26 Hodgkin lymphoma survivors was published.  Survivors 
treated with chemotherapy and mediastinal radiation had significantly lower RH‐PAT scores (N=13; 1.67 ± 
0.39; p=0.005)  compared with healthy  controls  (2.03 ± 0.37).   The  scores  for  the  combined  treatment 
group  (chemotherapy with or without  radiation; N=26; 1.87 ± 0.37, p=0.17) did not  significantly differ 
from controls.  This data was not available when sample size was determined for the JAVA Study.   
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 These data suggested that an improvement of 0.3 in the RH-PAT index ratio would be 

clinically meaningful.  Based on the inter-individual variability in the comparison studies and the 

within-subject variability from a recent reproducibility study, we conservatively estimated a 

standard deviation of the difference of 0.25 for the cross-over trial.  For the JAVA Pilot Study, a 

2x2 cross-over design with 24 subjects would achieve 80% power to detect a mean difference of 

0.3 in the RH-PAT index score between the juice groups, assuming the standard deviation of the 

difference was 0.25, using a two-sided significance level of 0.05.  Repeated measures ANOVA 

was used to estimate our sample size using PASS software (Hintze, J (2008). PASS 2009. NCSS, 

LLC. Kaysville, Utah. www.ncss.com). 
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Chapter 4: JAVA Study Results  
 

 

Summary of Participant Recruitment  

Participants were recruited primarily from participants in the Metabolic Syndrome Study 

at the University of Minnesota between October 2009 and April 2010; recruitment at the Long-

Term Follow-Up Clinic started in February 2010.  As outlined in Figure 4-1, 144 potentially 

eligible subjects were contacted via a mailed letter introducing the JAVA study (N=140) or in 

person at the Long-Term Follow-Up Clinic (N=4).  Telephone follow-up of those initially 

contacted by mail resulted in 39% (N=55) agreeing to receive a packet of the JAVA Study 

materials to review.  Of the 144 subjects contacted, 51 declined to participate in the study; 

reasons provided included time commitment (N=19), compensation amount (N=6), dietary 

restrictions (N=8), or blood draws (N=2).  Twenty individuals were ineligible for the study, 

including 16 who were away attending college.  We were unable to find current contact 

information for five individuals.  The remaining individuals (N=38) neither agreed nor refused to 

participate in the study (passive refusal).  

A total of 30 individuals agreed to participate in the study, provided consent or assent, if 

applicable, and commenced the four week run-in period.  During the four week run-in period, six 

subjects dropped out of the study; two subjects missed their first clinic visit and did not return our 

telephone calls, while the remaining four subjects indicated concerns regarding time, compliance, 

or blood draws.  Twenty-four subjects completed the run-in period; half were randomly assigned 

to start the intervention with purple grape juice, the other half started with clear apple juice.  

Subjects attended three additional clinic visits at approximately one month intervals.  All 24 

subjects randomized to the intervention sequence completed the four month study.  While data for 

all 24 subjects were included in analyses, the blood draw from one of the clinic visits was 

unsuccessful for four subjects and the RH-PAT index score (for vascular assessment) was unable 

to be calculated at one of the clinic visits for two subjects. 
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Figure 4-1.  JAVA Study Recruitment Status 

 

 

Comparison of Participants and Non-participants 

Compared with the JAVA Study participants, the non-participants were more likely to be 

older (16.8 vs. 15.5 years, p=0.05), female (50.0% vs. 29.2%, p=0.07), and non-White (15.0% vs. 

0%, p=0.04)(Table 4-1).  The two groups were similar with respect to the number of years since 

cancer diagnosis and the proportion diagnosed with a hematologic malignancy; however, among 

solid tumors, survivors of central nervous system (CNS) tumors, Wilms tumor, or soft tissue 

sarcomas were less likely to participate. 

 

144 Potentially eligible 
subjects

30 Subjects consented

24 Subjects randomly 
assigned to intervention 

sequence

Purple Grape Juice
12 subjects

Clear Apple Juice
12 subjects

Clear Apple Juice
12 subjects

Purple Grape Juice
12 subjects

6 dropouts

51 Declined participation
38 Passive refusal

20 Ineligible
5 Unable to locate
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Table 4-1.  Comparison of JAVA Study Participants and Non-participants. 
    

 Participants 
N=24 

Non-participants 
N=100 

p-value 
    

    

Age at first contact   15.5 (2.6)   16.8 (2.8) 0.05 
    

Sex    
     Male   17 (70.8)   50 (50.0) 0.07 
     Female     7 (29.2)   50 (50.0)  
    

Race    
     White   24 (100)   85 (85.0) 0.04 
     Other     0 (  0.0)   15 (15.0)  
    

Ethnicity    
     Non-Hispanic      22 (91.7)   98 (98.0) 0.17 
     Hispanic     2 (  8.3)     2 (  2.0)  
    

Cancer diagnosis    
     Hematopoietic malignancy   12 (50.0)   42 (42.0) 0.48 
     Solid tumor   12 (50.0)   58 (58.0)  
    

Years since cancer diagnosis   11.5 (3.7)   12.0 (3.4) 0.56 
    

 
Data are presented as number (frequency) for categorical variables and mean (standard deviation) for 

continuous variables.  

 
 

Compliance  

 The juice intervention appeared to be mostly well tolerated by participants. One subject 

reported stomach issues when she began drinking the purple grape juice; however, the nausea 

abated over the course of the month during which she continued to drink the study juice.  

Adherence to the protocol regarding twice daily consumption of juice during the supplementation 

periods was very good among those subjects who returned their study calendar of recorded juice 

intake (N=11).  Only one subject missed more than a few doses (N=10 missed doses). Among 

participants who did not return their study calendar, one person stated he “had a hard time 

remembering to drink his juice this time” and estimated missing nearly 2 weeks of clear apple 

juice.  None of the participants reported drinking any kind of juice during the run-in or washout 

periods.  Most participants also reported eliminating grapes from their diet during the study.  One 

participant reported eating a few grapes (“by accident”) during the run-in and first 

supplementation period.  Another participant reported eating grapes 2-4 times per week during 

the run-in period. 
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Assuming six ounces of juice were consumed twice daily, the average amount ingested 

by weight was 6.3 ± 1.8 ml/kg/d.  While the study protocol specified 28 day supplementation 

periods, the actual duration (median, interquartile range (IQR)) of juice supplementation was 28 

(28-34) days for purple grape juice and 32 (28-35.5) days for clear apple juice.  For longer 

supplementation periods, participants had sufficient juice to continue twice daily doses until the 

next clinic visit.  With one exception, everyone reported fasting for a minimum of ten hours prior 

to each clinic visit (mean: 12.8 ± 1.7 hours); one participant fasted for only 7.5 hours prior to the 

clinic visit following the washout period. 

 

 

Cancer and Treatment Characteristics 

Information regarding cancer type and treatment is presented in Table 4-2. Half of the 

cancer types were hematopoietic malignancies, with ALL being the most common (N=9). A 

variety of solid tumors comprised the remaining cancer diagnoses.  All of the participants were 

younger than 10 years of age at the time of diagnosis, with 64% under the age of five years.  The 

mean time since last cancer treatment was 9.7 ± 3.8 years.  The cancer treatment for the majority 

(79%) of participants included two or more chemotherapeutic agents, most commonly alkylating 

agents (67%) and/or anthracyclines (63%).  Nearly one-third of the participants received radiation 

therapy and three individuals were treated with surgery alone. 

 

Table 4-2.  Cancer and Treatment Characteristics of the JAVA Study Participants. 
 

  

Characteristic N (%) 
  
  

Diagnosis  
     Hematopoietic malignancy 12 (50%) 
          ALL 9 
          AML 1 
          Hodgkin disease 1 
          Non-Hodgkin lymphoma 1 
     Solid tumor 12 (50%) 
          CNS tumors 3 
          Bone tumors 2 
          Retinoblastoma 2 
          Germ cell tumor 2 
          Neuroblastoma 1 
          Hepatoblastoma 1 
          Soft tissue sarcoma 1 
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Characteristic N (%) 
  

Age at cancer diagnosis (yrs)  
     0 – 2 9 (38) 
     3 – 5 9 (38) 
     6 – 9 6 (24) 
  
  

Years since cancer treatment  
     5 – 7 12 (50) 
     9 – 12   6 (25) 
     13 – 16   6 (25) 
  

Surgery  
     Only course of treatment   3 (13) 
     With radiation or chemotherapy        8 (33) 
     None 13 (54) 
  

Radiation  
     None 17 (71) 
     Any   7 (29) 
          Brain   3 (13) 
          Other head   2 (  8) 
          Spine   2 (  8) 
          Chest/Mediastinum   1 (  4) 
          Total body irradiation   1 (  4) 
  

Chemotherapy  
     None   5 (21) 
     Any 19 (79) 
          Anthracyclines 15 (63) 
          Antimetabolites 11 (46) 
          Heavy metals   5 (21) 
          Alkylating agents 16 (67) 
          Anti-tumor antibiotics   2 (  8) 
          Epipodophyllotoxins   5 (21) 
  

Stem Cell Transplant  
     No 23 (96) 
     Yes   1 (  4) 
  

Treatment combinationα  
     Chemotherapy and radiation    5 (21) 
     Chemotherapy 14 (58) 
     Radiation   2 (  8) 
     Surgery only   3 (13) 
  

 

α  Chemotherapy and radiation categories may additionally include surgery. 

ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia;  

CNS = central nervous system;  
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Baseline Characteristics 

 

Demographic and Lifestyle Characteristics 

Baseline demographic and lifestyle characteristics of the JAVA Study participants are 

presented in Table 4-3.  The majority of participants were male (71%) and the mean age was 15.8 

± 2.6 years (range 10 to 21).  Consistent with the demographics in Minnesota, most of the 

participants were non-Hispanic white.  Twenty one percent of the participants were considered 

overweight or obese compared with 33% of U.S. adolescents (aged 12 to 19 years) based on 

recent data from the National Health and Nutrition Examination Survey.196  Nearly half reported 

recent vigorous activity for nine days or more during the previous two weeks.  On average, 

participants consumed two servings of fruits and vegetables a day ((median (IQR): 2.0 (0.8-4.0)), 

which is well below the recommended amount of five to seven servings per day.  The number of 

fruit and vegetable servings varied little throughout the study; the median (IQR) servings/day 

were 1.8 (0.7-3.4), 2.0 (0.9-2.7), and 1.5 (0.6-3.3) as assessed by the same questionnaire during 

clinic visits 2 through 4.  Nor was there evidence for a secular trend in fruit and vegetable 

consumption during the study (data not shown). 

 
 

 

Table 4-3.  Characteristics of JAVA Study Participants at Study Baseline (Visit 1). 
  

 N (%) 
  
  

Age  
     10 - 14    9 (38) 
     15 - 17 10 (42) 
     18 - 21   5 (21) 
  

Sex  
     Male 17 (71) 
     Female   7  (29) 
  

Race-ethnicity  
     Non-Hispanic white 22 (92) 
     Hispanic white   2 (  8) 
  

BMI percentileα  
     <5th percentile (underweight)   1 (  4) 
     5th – <85th percentile (healthy weight) 18 (75) 
     85th – <95th percentile (overweight)   4 (17) 
     ≥95th percentile (obese)   1 (  4) 
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 N (%) 
  

Recent vigorous activityβ  
     <3 days   4 (17) 
     3 – 8 days   9 (39) 
     ≥9 days 10 (43) 
  

MET hours/week (past year)γ  
     < 25   8 (33) 
     25 – 75   8 (33) 
     > 75   8 (33) 
  

Average no. hours/day tv/computer/videoδ  
     0 – 1    6 (25) 
     2 – 3   7 (29) 
     ≥ 4 11 (46) 
  

Fruit and vegetable servings/day  
     < 1   7 (29) 
     1 – 2   9 (38) 
     ≥ 3   8 (33) 
  

 

α Age- and sex-specific BMI percentiles for study participants <20 were determined 

according to the 2000 CDC Growth Charts for the United States (N=23). The healthy weight 

category includes 1 adult with BMI < 25 kg/m2, which is considered normal weight according 

to the WHO classification for BMI.190,191 
β  Number of days during the past 14 days of hard exercise for at least 20 minutes (question 

available only from the Modifiable Activity Questionnaire for Adolescents, N=23). 
γ  Metabolic equivalent (MET) hours/week during the past year were calculated using the 

activity codes and MET intensities from the Compendium of Physical Activities.193 
δ  Average number of hours a day spent watching television or videos, or playing computer 

games, before or after work. 
 

 

Cardiovascular Risk Profile 

Few cardiovascular risk factors were identified in this young study population of cancer 

survivors as can be seen in Table 4-4.  As mentioned previously, 21% of participants were 

overweight or obese at baseline.  One third of participants had high cholesterol (>170 mg/dL) 

according to the National Cholesterol Education Program’s (NCEP) Expert Panel on Blood 

Cholesterol in Children and Adolescents.192  Of these eight individuals, three barely exceeded the 

threshold (>170 but <180 mg/dL), while the other five had above normal levels of low-density 

lipoprotein cholesterol (LDL-C).  Two participants had above normal triglycerides.  One male 

had a slightly below normal value of high-density lipoprotein cholesterol (HDL-C), which 

remained slightly below or above the recommended minimum level (≥35 mg/dL) throughout the 
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study.  Only two individuals were identified with above normal systolic blood pressure (SBP; 

≥120 mmHg) at baseline, although the values only slightly exceeded the threshold (≥120 but 

<130 mmHg).  No abnormal levels for fasting glucose or insulin were identified; however, 

diabetes mellitus was an exclusion factor. 

 

 

Baseline Characteristics by Juice Sequence 

The two juice sequence groups (purple grape juice vs. clear apple juice first) were 

balanced with regard to most baseline characteristics (Table 4-5).  However, a larger percentage 

of survivors from hematopoietic malignancies were randomized to start the intervention with 

clear apple juice (75%) compared with purple grape juice (25%)(p=0.01).  Additionally, 

individuals randomized to clear apple juice first had higher BMI values (median (IQR) 23.7 

(21.8-25.1) kg/m2 vs. 20.8 (19.1-22.9) kg/m2 for purple grape juice, p=0.09, Wilcoxon rank-sum 

test). 
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Table 4-4.  Clinical Characteristics of JAVA Study Participants at Study Baseline (Clinic Visit 1). 
       

 N α Mean ± SD Median 
Interquartile Range

β 
Normal Valuesγ 

N (%) above 
normalδ 

       
       

Weight (kg) 24 60.3 ± 13.8 60.7 50.4 – 72.1 ------------ ------------ 
       

Height (cm) 24 164.7 ± 11.6 166.4 158.8 – 171.5 ------------ ------------ 
       

BMI (kg/m2) 24 21.9 ± 3.2 22.6 19.3 – 24.3 
<85th percentile  
or <25 kg/m2 

5 (20.8) 
       

Waist circumference (cm) 24 79.2 ± 7.6 79.5 73.8 – 85.8 
<88 cm (F) 

<102 cm (M) 
0 (0.00) 

       

Systolic blood pressure (mmHg) 24 111.1 ± 9.6 110.8 103.0 – 118.0 
< 90th percentile 
or <120 mmHg 

2 (0.08) 
       

Diastolic blood pressure (mmHg) 24 58.8 ± 8.3 59.3 56.5 – 62.5 
< 90th percentile 
or <80 mmHg 

0 (0.00) 
       

Fasting glucose (mg/dL) 23 78.4 ± 7.0 78.0 75.0 – 83.0 <100 mg/dL 0 (0.00) 
       

Fasting insulin (mU/L) 23 6.3 ± 4.7 5.0 3.0 – 8.0 ND ------------ 
       

LDL-C (mg/dL) 23 95.2 ± 20.1 93.0 78.0 – 111.0 <110 mg/dL 6 (0.25) 
       

HDL-C (mg/dL) 23 49.7 ± 10.9 50.0 42.0 – 56.0 ≥35 mg/dL 1 (0.04) 
       

Triglycerides (mg/dL) 23 77.7 ± 33.7 72.0 56.0 – 86.0 ≤150 mg/dL 2 (0.08) 
       

Total cholesterol (mg/dL) 23 160.3 ± 22.0 159.0 142.0 – 177.0 <170 mg/dL 8 (0.33) 
       

 
ND = normal levels not determined; BMI = body mass index; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein 

cholesterol.  
α  A blood sample was unattainable for one participant at the baseline clinic visit 
β  Since some of the variables had skewed distributions (diastolic blood pressure, fasting insulin, HDL-C, and triglycerides) and for consistency 

in the presentation of data, both means and standard deviations along with the median and 25th and 75th percentiles (interquartile range) are 

presented. 
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γ  Normal values for the clinical measures were determined as follows: 

 BMI percentiles for age and sex were calculated using the 2000 CDC Growth Charts for children and adolescents between the ages of 2 

and 20 (data not shown). Definitions for overweight and obese are above the 85th and 95th percentiles, respectively. The adult cut-point 

for overweight was used for the one participant older than 20 years at baseline.190,191 

 Normal values for waist circumference are not well established for children and adolescents, thus the adult cut-points were used to 

determine the number of participants with above normal values. 

 Blood pressure percentiles for age, sex, and height were calculated using regression coefficients from blood pressure regression models 

from the Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents.192 Values 

below the 90th percentile are considered normal for individuals less than 18 years of age. For older participants, the adult cut-points 

were used according to the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of 

High Blood Pressure.197 

 Normal values for fasting glucose are based on the 2003 American Diabetes Association definition of impaired fasting glucose. Note: 

Diabetes mellitus, Type I and Type II, was an exclusion factor. 

 Normal levels of insulin for children and adolescents are not well established. 

 Normal levels for lipids for all study participants were based on guidelines from the National Cholesterol Education Program's Expert 

Panel on Blood Cholesterol in Children and Adolescents.198,199 

δ  The number of participants exceeding the normal value for a given clinical measure includes all study participants (ages 10 to 21) based on the 

definitions of normal described above. For example, five out of 24 study participants were classified as overweight or obese using the percentile 

cut-points for individuals under 20 (N=23) and the WHO cut-points for adults (N=1). 
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Table 4-5.  Cancer and Baseline Characteristics of the JAVA Study Participants by Juice 

Sequence. 
    

 Purple Grape Juice / 
clear Apple Juice 

clear Apple Juice / 
Purple Grape Juice 

p-value 
    
    

Cancer Characteristics    
    

Cancer diagnosis (N, %)    
     Hematopoietic malignancy   3 (25)   9 (75) 0.01 
     Solid tumor   9 (75)   3 (25)  
Age at cancer diagnosis (yrs)   2.9 (0.4-6.8) 3.8 (2.9-5.1) 0.60 
Years since cancer treatment 9.3 (7.1-13.5) 7.1 (6.2-11.5) 0.23 
    
    

Baseline Characteristics    
    

Males (N, %) 7 (58) 10 (83) 0.17 
Weight (kg)   54.8 (49.9-66.4)   64.8 (60.2-72.6) 0.21 
Height (cm) 164.5 (158.8-173.8) 167.8 (158.5-170.3) 0.77 
BMI (kg/m2)   20.8 (19.1-22.9)   23.7 (21.8-25.1) 0.07 
Fruit/vegetable servings/day     2.4 (1.2-4.6)     1.3 (0.8-3.5) 0.47 
MET hours/week (past year)   42.3 (21.5-77.8)   54.7 (18.3-98.7) 0.77 
Systolic blood pressure (mmHg) 108.3 (101.0-113.5) 116.3 (105.3-122.5) 0.17 
Diastolic blood pressure (mmHg)   58.0 (56.0-62.0)   59.8 (56.5-62.5) 0.77 
Fasting glucose (mg/dL)   78.0 (77.0-83.0)   77.0 (72.0-83.0) 0.58 
Fasting insulin (mU/L)     5.0 (3.0-6.0)     4.5 (2.0-10.5) 1.00 
LDL-C (mg/dL)     96.0 (68.0-111.0)   92.5 (79.5-109.5) 0.67 
HDL-C (mg/dL)  49.0 (42.0-54.0)   51.5 (42.0-56.0) 0.46 
Triglycerides (mg/dL)   77.0 (50.0-92.0)   64.0 (57.0-82.0) 0.67 
Total cholesterol (mg/dL) 148.0 (140.0-176.0) 163.0 (147.5-179.5) 0.36 
    

 
Data for all continuous variables are presented as medians and 25th - 75th percentile (IQR) given the 

violation of the normality assumption for the majority of variables. P-values are from the chi-square 

test (categorical variables) or Wilcoxon rank-sum test (continuous variables). BMI = body mass index; 

MET = metabolic equivalent; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density 

lipoprotein cholesterol.  

 

 

Effects of Juice Consumption on Peripheral Endothelial Function 

The RH-PAT index score, the ratio of the hyperemic and baseline pulse amplitude, was 

unattainable on two separate clinic visits at the completion of the vascular test.  Nevertheless, 

data from all 24 subjects were included in the analysis using a weighted estimate based on 

complete and incomplete data calculated by the mixed effects model.  Higher RH-PAT index 

scores indicate better endothelial function.  The mean RH-PAT index scores varied between juice 

sequence groups at study baseline (first clinic visit)(PGJ: 1.97 ± 0.59; cAJ: 1.53 ± 0.41;  t = -2.07, 

p=0.05)(Table 4-6)).  There was no association between study baseline scores and cancer type 
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(hematologic vs. other, p=0.65), age at diagnosis (p=0.50), length of time since treatment 

(p=0.86), or type of cancer treatment (p=0.65).  Nor was there an association between baseline 

RH-PAT index scores and sex (p=0.88), age (p=0.22), BMI (p=0.87), MET hours per week 

during the past year (p=0.27), or number of fruit and vegetable servings per day during the 

previous month (p=0.79)(data not shown; unpaired t-test for dichotomous variables, linear 

regression for continuous variables). 

 

Table 4-6.  Baseline (visit 1) RH-PAT Index Score and Biomarker Measurements of JAVA Study 

Participants by Juice Sequence. 

  Total Sample
(N=23) 

Purple Grape Juice / 
clear Apple Juice 

clear Apple Juice / 
Purple Grape Juice 

  Mean 
(SD) 

Range 
Mean 
(SD) 

Range 
Mean 
(SD) 

Range 

     

RH‐PAT Index 
Score 

1.76 
(0.55) 

1.06 – 3.21 
1.97 
(0.59) 

1.08 – 3.21 
1.53 
(0.41) 

1.06 – 2.34 

Oxidized LDL 
(U/L) 

62.5 
(13.2) 

35.3 – 89.7 
58.3 
(12.0) 

35.3 – 77.8 
66.4 
(13.7) 

47.5 – 89.7 

MPO 
(ng/mL) 

118.4 
(44.7) 

42.2 – 230.5 
103.4 
(46.7) 

42.2 – 210.2 
132.1 
(39.7) 

73.4 ‐ 230.5 

hs‐CRP  
(mg/L) 

0.39 
(0.68) 

0.05 – 3.23 
0.24 
(0.32) 

0.05 – 1.15 
0.52 
(0.88) 

0.05 – 3.23 
     

 

Note: The median (IQR) of hs-CRP for the total sample was 0.18 (0.08-0.33). Due to the non-

Gaussian distribution, hs-CRP was natural log transformed prior to analyses. RH-PAT = reactive 

hyperemia peripheral arterial tonometry; MPO = myeloperoxidase; hs-CRP = high sensitivity C-

reactive protein. 

 

 

Individual change in RH-PAT index scores by juice type is presented in Figure 4-2. The 

mean scores were 1.75 ± 0.52 and 1.57 ± 0.36 prior to starting the purple grape juice and clear 

apple juice supplementation, respectively (mean (SD) corresponding to vertical lines in Figure 4-

2 is presented in Table 4-7). There was considerable inter-individual variability in pre-

supplementation scores, particularly for purple grape juice (range 1.08 to 3.21 vs. 1.06 to 2.34 for 

clear apple juice; Table 4-6). After approximately four weeks of twice daily juice consumption, 

the mean RH-PAT index scores were 1.75 ± 0.39 for purple grape juice and 1.83 ± 0.47 for clear 

apple juice (Table 4-7).   
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Figure 4-2.  RH-PAT Index Scores before and after four weeks of twice daily purple grape juice (PGJ) and clear apple juice (AJ) 

supplementation in childhood cancer survivors. Lines represent individual change. Vertical lines are means ± standard deviation.  
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Table 4-7.  Change in Endothelial Function and Biomarkers of Inflammation and Oxidative 

Stress. 

 
N 

Purple Grape Juice Clear Apple Juice Adjusted 
difference  
(95% CI) 

p-
value 

 Before After Before After 

        
Endothelial 
Functionα 

       

RH-PAT 
Index Score 

24 
1.75  

(0.52) 
1.75  

(0.39) 
1.57  

(0.36) 
1.83  

(0.47) 
-0.16 

 (-0.42-0.11) 
0.25 

        
        
Biomarkers β        
Oxidized 
LDL (U/L) 

24 
61.72 

(15.11) 
66.73 

(17.20) 
66.19  

(13.43) 
66.57 

(13.76) 
3.09 

 (-2.73-8.91) 
0.29 

MPO 
(ng/mL) 

24 
117.3 

 (98.6,138) 
107.0 

(91.7,131) 
116.2 

(92.6,142) 
116.1  

(99.1-144) 
0.92  

(0.82-1.03) 
0.15 

hs-CRP 
(mg/L) 

24 
0.19 

(0.09,0.41) 
0.33 

(0.15,0.73) 
0.24 

(0.07,0.55) 
0.24 

(0.11,0.85) 
1.34  

(0.69-2.62) 
0.37 

       

 

Data are reported as means (SD) and difference of least square means (95% CI) for normally 

distributed variables. Median (IQR) is reported for MPO and hs-CRP, which were log transformed 

prior to analyses; the difference of log-transformed least square means (95% CI) were back 

transformed to obtain the ratio of means (95% CI). The adjusted differences and p-values are from a 

mixed effects ANCOVA model with baseline included as a covariate, subject as a random effect, and 

juice, period, and group as fixed effects. RH-PAT = reactive hyperemia peripheral arterial tonometry; 

MPO = myeloperoxidase; hs-CRP = high sensitivity C-reactive protein. 

 α   Unable to obtain RH-PAT index scores after the vascular test for 2 subjects before the apple juice 

supplementation; however, a weighted estimate was calculated using complete and incomplete 

measurements. 

 β  The blood draw was unsuccessful for 4 subjects at one of the four clinic visits; the weighted 

estimate includes available data from all 24 participants as above. 

 

 

Table 4-7 displays the results for the mixed effects analysis of covariance (ANCOVA) 

model comparing the effects of the two juices on the primary and secondary outcomes.  For RH-

PAT, there was no evidence of either a statistically significant period effect (p=0.91) or a carry-

over effect (p=0.89); however, given that participants were allocated in equal numbers to each 

juice sequence and that carry-over and treatment effects are not separately identifiable in a 

AB/BA cross-over trial, both terms remained in the final regression model.  Compared with 

baseline, there was a negligible change in RH-PAT index scores after consumption of purple 
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grape juice (least square means (LSMeans) ± SE: 0.06 ± 0.089) and an increase in scores after 

consumption of clear apple juice (LSMeans ± SE: 0.22 ± 0.093)(data not shown).  The 

differential effect of juice consumption on RH-PAT was not statistically significant (difference of 

LSMeans (95% CI): -0.16 (-0.42 to 0.11), p=0.25).  While the juice sequence groups were not 

balanced by cancer type (hematologic vs. solid tumors) and BMI at baseline, adjustment for these 

variables did not appreciably alter the effect estimates.  Nor did the effect estimates change after 

adjustment for the length of each supplementation period. 

 

 

Post-hoc analyses 

Post-hoc analyses were performed to determine if an effect of the juice intervention on 

endothelial function was present for certain subgroups.  Since two out of three studies of 

childhood cancer survivors reported impaired endothelial function in subjects who received 

anthracyclines as part of their cancer treatment, we performed a subgroup analysis among the 15 

subjects in our study with this same class of chemotherapeutic drugs (93% doxorubicin 

(Adriamycin)).  The results varied from the main analysis in that the differential effect of juice 

consumption on change in RH-PAT index scores was greater (LSMeans (95% CI): -0.30 (-0.70 to 

0.09), p=0.12), suggesting greater improvement in endothelial function by clear apple juice (mean 

(SE): 0.28 ± 0.123, p=0.04) compared with purple grape juice (mean (SE): -0.02 ±0.123, 

p=0.86)(data not shown).  When we evaluated change in endothelial function by baseline 

characteristics, we did not observe any significant effect modification due to sex, BMI, physical 

activity level, or daily fruit and vegetable intake (Table 4-8).  The different effect of the two juice 

types on endothelial function was more pronounced in males, and among individuals with higher 

physical activity levels or lower baseline fruit and vegetable intake.  Within juice changes in RH-

PAT index scores were borderline significantly improved for the following subgroups: males 

(p=0.09), high physical activity (p=0.07), low fruit and vegetable servings/day (p=0.11), and high 

BMI (p=0.07) for the clear apple juice supplementation and females (p=0.06) for the purple grape 

juice supplementation. 

We also evaluated the effect of potential outliers.  Exclusion of individuals who reported 

an excessive number of missed juice doses (N=2 participants, ≥10 doses) did not change our 

results.  Outliers for RH-PAT index scores (1.5 times the IQR above the 75th percentile or below 

the 25th percentile) were identified before the purple grape juice supplementation (N=1, 

before/after value: 3.21/1.85) and after the clear apple juice supplementation (N=3, before/after 
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values: 1.90/2.89, 1.39/2.72, 1.21/2.56).  Exclusion of the four individuals associated with these 

outliers resulted in attenuation of both the difference in RH-PAT index scores between the juice 

types (LSMean difference (95% CI): -0.01 (-0.25 to 0.22), p=0.92) and the change during the 

apple juice supplementation (LSMeans (95% CI): 0.13 (-0.04 to 0.29), p=0.14).  The change in 

scores after consumption of purple grape juice were similar to the change in scores after 

consumption of apple juice (LSMeans (95% CI): 0.11 (-0.05 to 0.27), p=0.16).  

 

 

Table 4-8.  Change in Endothelial Function According to Selected Baseline Characteristics. 

 
N 

Purple Grape 
Juice 

Clear Apple 
Juice Adjusted 

Difference 
p-

valueα 
p-

value β  Change Change 

       

By sex      0.67 
       

     Males 17 -0.004 (0.106) 0.19 (0.107) -0.19 (-0.51-0.12) 0.22  
     Females 7 0.33   (0.150) 0.20 (0.154)  0.13 (-0.36-0.62) 0.56  
       
By physical activity γ      0.22 
       

     Low 13 0.13 (0.110) 0.14 (0.115) -0.01 (-0.34-0.32) 0.95  
     High 11 -0.02 (0.160) 0.32 (0.165) -0.34 (-0.85-0.17) 0.18  
       
By Fruit/Vegetable 
servings/day 

    0.65 
       

     ≤2 12 0.05 (0.149) 0.28 (0.165) -0.23 (-0.71-0.24) 0.32  
     >2 12 0.07 (0.116) 0.04 (0.132)  0.02 (-0.35-0.40) 0.89  
       
       

By BMI δ      0.97 
       

     Low 12 -0.006 (0.157) 0.07 (0.165) -0.07 (-0.56-0.40) 0.74  
     High 12 0.18 (0.147) 0.28 (0.144) -0.09 (-0.53-0.34) 0.66  
       

 
Change in RHI-PAT index scores are reported as least square means (SE) and adjusted 

differences of least square means (95% CI). The adjusted differences and p-values are from a 

mixed effects ANCOVA model, with baseline included as a covariate, subject as a random effect, 

and juice, group, and period as fixed effects, comparing the effects of purple grape juice to clear 

apple juice. 
α  P-value for differences of least square means. 
β  P-value for the interaction term. 
γ  Approximate median split: <70 vs. ≥70 MET hours/week of physical activity. 
δ  Median split: <22.5 vs. >22.5 kg/m2 for low vs. high BMI.   
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Effects of Juice Consumption on Biomarkers of Oxidative Stress 

 Attempt to obtain a fasting blood sample was unsuccessful in four individuals at one of 

the clinic visits (before (N=2) and after (N=1) purple grape juice, and before apple juice (N=1)). 

A weighted estimate of the effect of juice on biomarkers was calculated using the available 

measurements from all 24 participants using mixed effects ANCOVA.  The mean (SD) and range 

of values for biomarkers of oxidative stress (oxidized LDL (oxLDL), myeloperoxidase (MPO)) 

and inflammation (high sensitivity C-reactive protein (hs-CRP)) at the start of the study are 

presented in Table 4-6.  For each biomarker, larger values indicate higher levels of oxidative 

stress or inflammation.  There were no significant differences in baseline levels of oxLDL, MPO, 

or hs-CRP by juice sequence.  The distribution of (untransformed) biomarkers before and after 

four weeks of juice supplementation is presented in Figure 4-3.  Diagnostics of the residuals from 

mixed effects ANCOVA prior to natural log transformation revealed a strong right skew of the 

data for both hs-CRP and MPO, thus the final regression model included natural log transformed 

values (differences and baseline values) for both hs-CRP and MPO. 

 To evaluate the effect of the juice intervention, change from baseline was compared 

between purple grape juice and clear apple juice for each biomarker.  No significant differences 

were detected between the two juice types for any of the biomarkers (Table 4-7).  The results did 

not change after adjusting for baseline BMI, cancer type, or duration of juice supplementation 

period.  There was no evidence for either a period effect or a carryover effect for MPO or hs-

CRP; however, there was borderline significant carryover effect observed for the analysis of 

oxLDL (t-statistic: -1.58, p=0.12). 
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Figure 4-3.  Distribution of biomarkers before and after four weeks of twice daily purple grape 

juice (PGJ) and clear apple juice (AJ) supplementation in childhood cancer survivors. 
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Post-hoc analyses of biomarkers of oxidative stress 

In post-hoc analyses, we examined the change in biomarker levels after each juice 

intervention.  Compared with pre-supplementation values, post-supplementation oxLDL values 

were significantly higher after purple grape juice consumption (LSMeans (95% CI): 4.66 (0.57 to 

8.85) U/L), whereas there was no significant change after apple juice consumption (LSMeans 

(95% CI): 1.57 (-2.54 to 5.67) U/L).  Neither of the juice interventions significantly changed our 

other biomarker of oxidative stress, MPO (back transformed mean (95% CI) : PGJ: 0.95 (0.78 to 

1.16), AJ: 1.03 (0.84 to 1.26)).  Given the very low baseline values of hs-CRP, it would have 

been difficult to detect a decrease.  There was no evidence for a significant increase in hs-CRP 

due to either juice intervention (back transformed mean (95% CI) : PGJ: 1.42 (0.84 to 2.41), AJ: 

1.06 (0.62 to 1.80)). (Data not shown). 

 

 

Effects of Juice Consumption on Clinical Characteristics and Body Weight 

The effects of juice consumption on clinical characteristics and body weight are 

presented in Table 4-9.  No significant nor clinically meaningful changes in these measurements 

were expected as a result of the juice intervention; however, the before and after juice comparison 

was made to verify that no adverse effects were associated with the dose and duration of juice 

consumption.  Unexpectedly, there was a significant increase in weight during the clear apple 

juice supplementation period (median change (IQR): 0.70 kg (0.0-1.2), p=0.01), which was not 

statistically different than the weight change during the purple grape juice supplementation period 

(median change (IQR): 0.05 kg (-0.3-1.4), p=0.30; difference between juice types: z = 0.98, 

p=0.33, Wilcoxon signed rank test).  The change in HDL cholesterol was significantly different 

between purple grape juice and clear apple juice (z = -2.09, p=0.04) as HDL decreased by 5.0 

mg/dL (IQR: -10.0-0.0)(p=0.001) during the apple juice supplementation period.  No effects on 

blood pressure, other lipids, glucose, or insulin were observed for either juice. 
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Table 4-9.  Clinical Characteristics of JAVA Study Participants at Baseline and After Four Weeks Supplementation with Purple Grape Juice or 

Clear Apple Juice. 
 

   

 Purple Grape Juice Clear Apple Juice 
 Nα Before After Difference p Nα Before After Difference p 
           
           

Weight β  
(kg)  

24 60.8 (50.4-72.1) 61.4 (50.1-72.1)   0.05 (-0.3-1.4) 0.30 24 61.3 (50.1-72.3) 61.7 (50.2-72.7) 0.70 (0.0-1.2) 0.01 

BMI γ 
(kg/m2) 

24 22.4 (19.5-24.4) 22.5 (19.2-25.0) -0.06 (-0.3-0.4) 0.87 24 22.5 (19.3-24.4) 22.8 (19.8-24.8) 0.26 (-0.2-0.5) 0.03 

Heart rate 
(bpm) 

24 65.3 (58.5-72.2) 68.3 (63.3-74.2) 3.00 (-3.3-7.3) 0.11 24 70.0 (62.8-78.3) 67.8 (61.2-73.3) -1.17 (-7.8-4.2) 0.44 

SBP 
(mmHg) 

24 108.8 (102-116) 108.8 (104-114)   0.25 (-5.0-3.5) 0.86 24 111.0 (103-120) 110.8 (104-116) -0.50 (-8.8-7.5) 0.59 

DBP 
(mmHg) 

24 57.8 (54.8-61.0) 55.8 (53.3-60.8) -2.50 (-4.8-1.5) 0.21 24 57.8 (54.5-61.3) 56.0 (50.8-60.0) -2.75 (-6.0-2.5) 0.09 

Fast. Glucose 
(mg/dL) 

21 82.0 (78.0-83.0) 81.0 (76.0-86.0)   1.00 (-4.0-4.0) 0.70 23 77.0 (73.0-83.0) 80.0 (77.0-86.0)   3.00 (-4.0-6.0) 0.19 

Fast. Insulin 
(mU/L) 

21 5.0 (3.0-6.0) 4.0 (3.0-8.0)   0.00 (-1.0-2.0) 0.79 23 4.0 (2.0-10.0) 5.0 (2.0-12.0)   0.00 (-2.0-2.0) 0.61 

LDL chol. 
(mg/dL) 

21 92.0 (79.0-111) 99.0 (86.0-109)   4.00 (-3.0-9.0) 0.20 23 97.0 (78.0-106) 95.0 (73.0-117) -2.00 (-8.0-3.0) 0.46 

HDL chol. δ 
(mg/dL)  

21 50.0 (42.0-55.0) 50.0 (43.0-52.0) -1.00 (-4.0-4.0) 0.91 23 52.0 (44.0-56.0) 46.0 (41.0-50.0) -5.00 (-10.0-0.0) 0.001 

Triglycerides 
(mg/dL) 

21 73.0 (50.0-80.0) 67.0 (53.0-87.0) -4.00 (-11.0-12.0) 0.79 23 62.0 (57.0-86.0) 72.0 (48.0-110) 2.00 (-14.0-24.0) 0.62 

Total chol.ε 
(mg/dL) 

21 153.0 (142-176) 159.0 (144-171) 5.00 (-7.0-18.0) 0.30 23 161.0 (148-181) 157.0 (135-183) -6.00 (-14.0-3.0) 0.12 
           

 

Data are presented as medians and 25th - 75th percentile (IQR) given the non-Gaussian distribution of the majority of variables. P-values for change 

(difference) within juice are from the Wilcoxon signed rank test. For comparisons between juices (presented below), p-values for significant tests are 

from the Wilcoxon signed rank test adjusted for period effects. SBP = systolic blood pressure; DBP = diastolic blood pressure; LDL chol. = low-density 

lipoprotein cholesterol; HDL chol. = high-density lipoprotein.  
α Unsuccessful blood draw at a clinic visit before or after purple grape juice or clear apple juice from 3 subjects and 1 subject, respectively. 
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β The change in weight (kg) between purple grape juice and apple juice was not statistically significant (N=24, p=0.33). 
γ The change in bmi (kg/m2) between purple grape juice and apple juice was not statistically significant (N=24, p=0.39). 
δ The change in HDL cholesterol was significantly different between purple grape juice and apple juice (N=20, p=0.04). 
ε The change in total cholesterol was significantly different between both juices (N=20, p=0.03). 
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Chapter 5: Discussion 
 

 

The aims of this study were to evaluate the effects of supplementing meals with purple 

grape juice on the vascular health of 24 childhood cancer survivors in a randomized controlled 

cross-over study.  Specifically we evaluated the effect of purple grape juice compared with clear 

apple juice on peripheral endothelial function and biomarkers of inflammation (hs-CRP) and 

oxidative stress (oxLDL, MPO).  After four weeks of consuming 6 ounces of juice twice daily, 

PGJ did not improve endothelial function compared with clear apple juice, nor were significant 

improvements in biomarkers of oxidative stress or inflammation observed. 

In post-hoc analyses, we evaluated the effects of each juice separately. Interestingly, 

despite the lower flavonoid content of clear apple juice, and anthocyandin content in particular, 

we unexpectedly observed a significant improvement in RH-PAT index scores after the apple 

juice supplementation.  This improvement in peripheral endothelial function was not associated 

with a decrease in any of the three biomarkers, glucose, insulin, or LDL cholesterol; however, 

there was a borderline significant decrease in diastolic blood pressure.  We did not assess 

endothelium-independent vasodilation, thus we cannot rule out the role of vascular smooth 

muscle cells on the improvement in vasodilation.  

While the observation of improved vasodilation with apple juice could have occurred by 

chance, it is also possible that the antioxidant capacity of the apple juice was high enough to 

affect endothelial function, especially if the juice was consumed longer or in greater quantities 

than for grape juice.  Of note, due to scheduling issues, the apple juice supplementation period 

was, on average, four days longer than the grape juice supplementation.  The duration of the 

supplementation was not correlated with RH-PAT index scores, nor did it effect the estimates 

when included in the regression model.  Moreover,  study participants gained more weight with 

clear apple juice (mean (SD): 0.67 ± 1.27 kg) compared with purple grape juice (mean (SD): 0.29 

± 1.13 kg), even though purple grape juice (240 calories for 12 ounces) contained 60 more 

calories per daily dose than clear apple juice (180 calories for 12 ounces).  Nevertheless, studies 

of various types of fruit and vegetable juices demonstrated a superior antioxidant capacity among 

juices made from berries and grapes, compared with other fruits, including apples.  For apples, 

the majority of flavonoids are present in the skins, thus clear apple juice, made without the apple 

skins, is much lower in flavonoids compared with other fruit juices made from the entire fruit or 

parts of the fruit highest in flavonoids.  Thus, it seems less likely that the antioxidant capacity of 
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apple juice would affect endothelial cell function more than purple grape juice, even if the former 

was consumed in greater quantities or for longer duration.  Lastly, vitamin C, often used as a 

preservative in bottled juice, may have affected the overall antioxidant capacity of the apple juice, 

although this seems less likely since both the apple and grape juice used in the study contained 

the same amount of vitamin C per serving.  Unfortunately, we were unable to measure blood 

flavonoid levels given budgetary constraints, thus we do not have an unbiased measure of 

compliance. 

In contrast to the results for apple juice, there was virtually no change in RH-PAT index 

scores after the purple grape juice supplementation.  Interestingly, this was accompanied by a 

significant increase in oxidized LDL and a borderline significant increase in heart rate.  Oxidized 

LDL is a marker of both vascular and systemic oxidative stress and has been shown to be reduced 

by daily consumption of (purple or red) grape juice in studies in adults.133,135,139  Since we only 

measured one other biomarker of oxidative stress (MPO), which did not significantly change, it is 

unknown whether this increase in oxidized LDL was due to chance, measurement error, or truly 

reflects an increase in oxidative stress for reasons unknown.  Given the role of oxidative stress in 

endothelial dysfunction, we would not expect to see an improvement in vasodilation during a 

period of elevated oxidative stress.   

 

 

Comparison with other studies 

Antioxidant therapies in adolescents 

 Our study was the first to evaluate an antioxidant therapy in adolescent survivors of 

childhood cancer.  To the best of our knowledge, only two studies have been conducted in 

adolescents to evaluate the effects of antioxidant vitamin therapies on endothelial function. In a 

small uncontrolled studym of children with genetic hyperlipidemia (N=11, mean age 13.3 ± 4.0 

years), endothelial function improved significantly from baseline after six weeks of antioxidant 

therapy (400 IU alpha tocopherol plus 500 mg Vitamin C, twice daily).195  Endothelial function, 

measured using brachial artery FMD, improved for all 11 subjects, and the group mean increased 

from 2.8% ± 1.6% to 9.1% ± 2.3% (p=0.001).195  

                                                      
m The small uncontrolled intervention was part of a larger study that demonstrated significantly impaired  
endothelial function in 33 children with genetic hyperlipidemia (familial hypercholesterolemia or familial 
combined hyperlipoproteinemia) compared with 12 controls with normal lipid profiles. 
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In a randomized, double-blind, placebo-controlled cross-over study, a similar antioxidant 

therapy was evaluated in 15 children (53% male, aged 9 – 20 years) with genetic 

hyperlipidemia.194  The intervention included following the National Cholesterol Education 

Program (NCEP-II) diet for the duration of the six month study.  After six weeks, subjects were 

randomized to either 500 mg Vitamin C and 400 IU Vitamin E or placebo per day for six weeks, 

separated by a six week washout period (with continuation of diet) prior to the cross-over.  No 

significant changes in endothelial function were observed with diet alone; however, LDL 

cholesterol was reduced by 8% (p<0.01).  In contrast, the combination of diet plus antioxidant 

therapy significantly increased FMD from 5.7 ± 2.9% at baseline to 9.5 ± 4.2% (p<0.001).  This 

improvement in endothelial function was not associated with changes in blood pressure, lipids, or 

biomarkers of oxidative stress (oxLDL, F2-isoprostanes, 8-hydroxy-2′-deoxyguanosine), 

inflammation (CRP), or endothelial activation (asymmetric dimethylarginine (ADMA)). 

 

Grape products in adults 

 In contrast to our study results, several clinical studies in adults have reported improved 

vasodilation associated with chronic ingestion (≥2 weeks) of purple grape juice.  In an 

uncontrolled study of 15 adults with angiographically documented coronary artery disease 

(CAD), an improvement in FMD (from 2.2 ± 2.9% to 6.4 ± 4.7%) along with a decrease in LDL 

susceptibility to oxidation was observed after ingestion of 8 ml/kg/d of purple grape juice for two 

weeks.133  These improvements were observed despite the high prevalence of use of lipid 

lowering (67%) or antioxidant vitamin therapy (80%).  Similarly, FMD improved significantly 

(from 1.3 ± 2.3% to 2.0 ± 3.9%, p = 0.036) after 4 weeks of 4 to 8 ml/kg/d of purple grape juice 

in 22 individuals with CAD who were not allowed to take antioxidant vitamins during the 

study.152  No further improvement in endothelial function was observed after adding a vitamin E 

supplement (400 IU per day) for an additional four weeks.  Contrary to the previous study in 

CAD subjects, no reduction in LDL oxidation was observed.  In a randomized cross-over trial of 

16 hypercholesterolemic individuals, FMD significantly increased after two weeks of red wine 

(250 ml/d) or purple grape juice (500 ml/d), with no significant difference between the two 

beverages.147 

 Significant improvements in FMD have also been observed after chronic consumption of 

grape seed extract or reconstituted freeze-dried grapes.138,151  In a double-blind randomized 

controlled cross-over trial of men and women with above average vascular risk, a small but 

significant improvement in FMD was observed after a four week treatment with grape seed 
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extract in yogurt compared with yogurt alone.151  In one of the few studies to evaluate the effects 

of chronic consumption of grape products in healthy subjects, ingestion of a large dose of 

reconstituted freeze-dried grapes (equivalent to 2.5 cups of fresh grapes) daily for three weeks 

also resulted in improved FMD response, which was accompanied by a significant increase in 

total plasma antioxidant capacity.138  In contrast, a few studies have found no change in 

endothelial function after chronic consumption of grape seed extracts.153-155  Neither vitamin C 

(500 mg/d), grape seed polyphenols (1000 mg/d), or the combination significantly altered FMD 

in a six week randomized, placebo-controlled factorial trial in individuals treated for 

hypertension, despite a significant decrease in SBP with vitamin C and a significant increase in 

both SBP and DBP with the combination of vitamin C and grape seed polyphenols.155  Similarly, 

four weeks of 600 mg/d of grape seed extract resulted in no change to endothelial function in 

adult subjects with type 2 diabetes.153  A short-term intervention (2 weeks) evaluated the effects 

of two different types of grape solids (wine grape mix or grape seed) vs. placebo on FMD after a 

low-fat breakfast and again 3 hours after a high fat meal.154  Neither type of grape solid affected 

FMD after either the low-fat nor high-fat meal, compared with placebo, in this cross-over study 

of healthy men. 

 

 

Potential explanations for different results between studies 

 Despite many similarities in study design and methods, there were also many differences 

amongst studies that could potentially explain the different results.  Among the grape juice 

studies that evaluated chronic (≥2 weeks) juice consumption, juice type, dose and duration varied.   

Several of the adult grape juice studies used Welch’s Grape Juice and were funded in part by 

Welch’s.  By comparison, the JAVA Study intervention included a different brand of store bought 

juice (Old Orchard).  Both Welch’s and Old Orchard are 100% fruit juice made from the Concord 

grape with no added sugar (naturally sweetened).  The dose and duration of the intervention also 

varied between studies; studies that demonstrated improved endothelial function specified 4 to 8 

ml/kg/d for 2 to 4 weeks for juice consumption.  In the JAVA Study, the participants consumed 

355 ml/d or (mean ± SD) 6.3 ± 1.8 ml/kg/d for 32 ± 5.7 days.  Given the number of calories in 

100% fruit juice, it would have been difficult to justify increasing the dose without eliminating 

calories or adding physical activity to the intervention.  Further, the dose selected for our study 

was within the limit recommended by the American Academy of Pediatrics (intake limited to 8-

12 ounces per day for children 7-18 years old).174  
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It is also possible that the duration of the intervention was too short to observe an effect 

of purple grape juice on peripheral endothelial function in this group of young, relatively healthy 

cancer survivors.  However, grape products, including grape juice, have been shown to 

demonstrate acute effects (<3 hours since consumption) on endothelial function in healthy adults; 

furthermore, the beneficial effects have been shown to counteract the well-known deleterious 

effects of a high fat meal on endothelial function.  Significant improvement in FMD was 

observed in healthy young males (mean age 24) after a single dose of reconstituted freeze-dried 

grapes (equivalent to 1.25 cups of fresh grapes).  Furthermore, the freeze-dried grape product 

when consumed with a high-fat meal was able to prevent the previously seen 50% reduction in 

FMD response when the high-fat meal was consumed alone.138  Similarly, two studies of healthy 

adults (less than 40 years of age) demonstrated a significant improvement in FMD 60 to 120 

minutes after a single dose of de-alcoholized red wine.156,157 

 Another difference between studies, which could potentially affect whether a particular 

dose and duration of intervention would be effective, is the cardiovascular health status of the 

study population.  While studies of childhood cancer survivors have observed a higher prevalence 

of CVD risk factors, including endothelial dysfunction, compared with healthy controls, the 

participants in the JAVA study were much healthier than anticipated (Table 4-4), due in part to 

the exclusion criteria that included two major CVD risk factors: smoking and diabetes.  Thus, the 

low cardiovascular risk profile of the JAVA Study participants may have limited our ability to 

detect a difference in the effects of the different juices on endothelial function, as presumably 

there is less room for improvement in individuals with limited vascular impairment.  In contrast, 

most other studies included subjects with much worse cardiovascular risk profiles, including 

adolescents with hyperlipidemia or older adults with CAD.  While the ideal time to intervene is 

before clinically evident disease, this may require different interventions in terms of dose, 

duration, or other parameters. 

Most of the other grape juice studies evaluated peripheral endothelial function using 

ultrasound imaging of brachial artery FMD.  The JAVA Study is the only juice study to use RH-

PAT technology to assess peripheral endothelial function; other clinical studies of flavonoids 

have been conducted using RH-PAT.  Both FMD and RH-PAT are similarly correlated with 

coronary endothelial function and CVD risk factors.111,175-177  Both methods use a blood pressure 

cuff to induce a hyperemic response in order to evaluate changes in peripheral arterial function.  

However, there are differences between the two methods that could potentially explain the 

different results between studies.  FMD measures change in diameter of a single large conduit 
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artery, whereas RH-PAT measures pulse volume changes in small conduit vessels as well as 

resistance vessels.  Secondly, RH-PAT is able to correct for systemic vascular changes such as 

transient environmental effects by taking measurements on the contralateral (un-occluded) arm.  

Lastly, RH-PAT is much less operator dependent as both measurement and interpretation are 

determined by computer software.  In contrast, assessment of FMD requires highly trained 

sonographers and readers for image acquisition and analysis. 

Unfortunately, few studies have been conducted to compare FMD and RH-PAT measures 

in the same subject.  In a recent study in a large community based sample, Hamburg et al. found 

no significant relation between these two measures in a sample of 1843 adults aged 40 ± 9 

years.200  The authors concluded that FMD and RH-PAT may reflect different aspects of vascular 

function, potentially due to size and location of the arterial vessels being measured.  In contrast, a 

few small studies have reported a significant positive correlation between FMD and RH-PAT 

measures (r=0.55, p<0.0001; r=0.47, p<0.01).176,201  Given the limited number of studies and the 

conflicting results, more research is required to further evaluate the differences in the different 

techniques to measure microvascular reactivity in different study populations, including 

individuals in the early stage as well as advanced stage of vascular disease. 

 

 

Change in endothelial function as an endpoint 

 

Ability to detect impaired endothelial function in adolescents 

The majority of studies that have evaluated endothelial (dys)function have included older 

individuals, and specifically, older individuals at increased risk for cardiovascular events.  

Nevertheless, impaired endothelial function has been detected in obese adolescents as well as 

adolescents with hyperlipidemia or type I diabetes mellitus compared with healthy controls using 

both FMD and RH-PAT technologies.164,179,180,202-204  We were unable to evaluate whether the 

cancer survivors in our study had worse endothelial function compared with age and sex-matched 

“healthy” controls.  A well-defined cutoff for impaired endothelial function has not been 

established for RH-PAT.  The distribution of RH-PAT index scores in the JAVA study (Mean ± 

SD: 1.73 ± 0.55, range: 1.01 to 3.21, at study baseline) was similar to other studies using this 

technology.  Lower mean RH-PAT index scores were reported for adolescents with type 1 

diabetes (1.63 ± 0.5; range 1.0-3.0) compared with healthy controls (1.95 ± 0.3; range: 1.5-

2.5)(p=0.01).179  Similarly, lower scores were reported in obese adolescents with insulin 
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resistance (1.51 ± 0.4) compared with controls (2.06 ± 0.4)(p=0.002).180,n  The only study to 

report RH-PAT index scores in cancer survivors was a recent cross-sectional study of 26 

survivors of Hodgkin lymphoma (12-30 years old) who were 6.7 ± 4.6 years post treatment.205  

Compared with healthy age and sex matched controls (2.03 ± 0.37), the survivors did not have 

significantly lower RH-PAT index scores (1.87 ± 0.37)(p = 0.17); however, survivors who had 

been treated with mediastinal radiation (in addition to chemotherapy; n=13) had significantly 

lower scores (1.67 ± 0.39)( p = 0.005).  

 

 

Measurement of a complex, hemodynamic response 

Peripheral endothelial function, in general, is highly variable and influenced by a variety 

of factors including lifestyle factors, such as smoking, diet, and exercise, vasoactive medications, 

menstrual cycle phase, sympathetic stimuli, and time of day.206,207  The JAVA Study was 

designed to eliminate, mitigate, or adjust for these factors.  Smokers were ineligible for the study. 

By using a cross-over design, we were able to control for most of the other factors, provided they 

were consistent within individuals throughout the study.  Additionally, subjects were asked to fast 

and to avoid exercise for 10-12 hours prior to each clinic visit.  The vascular test was conducted 

in a quiet, temperature controlled room between the hours of 7:00 AM and noon.  

Information on medication, vitamin use, and caffeine, including time of last intake were 

recorded at the start of each clinic visit.  None of the study participants reported use of known 

vasoactive medications, such as antihypertensive, lipid lowering, or insulin sensitizing agents; 

however, several subjects reported using prescription medications (acid reflux (N=2), attention 

deficit hyperactivity disorder (N=2), anti-depressant (N=2), thyroid (N=2), immunosuppressant 

(N=1), human growth hormone (N=1)) as well as over-the-counter medications (NSAIDs, 

acetaminophen, allergy).  None of the medications were taken within 11 hours of the scheduled 

clinic visit.  The time of last medication dose (AM vs. PM on day before clinic visit) was 

inconsistent for all but three of the prescription medications.  Exclusion for inconsistent time of 

last prescription medication dose (N=7) led to a slight attenuation of the estimate of change in 

RH-PAT index scores between the juice types (Difference of LSMeans (95% CI): -0.09 (-0.42 to 

0.23), p=0.56).  Vitamin use was uncommon; four participants took a multivitamin the morning 

prior to one of the clinic visits and five participants took Vitamin D the day prior to one or more 

                                                      
n Mahmud et al. did not report an exact range of RH‐PAT scores, but the figure depicting the scores for all 
study subjects indicated the lowest score was near 1.1 and highest score was near 3.2. 
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clinic visits.  Two participants reported taking melatonin.  All but three of the participants 

reported consuming caffeine during the day or evening prior to one or more of their clinic visits, 

but only one subject consumed caffeine during the recommended fasting period (fasting time = 

7.5 hours).  Thus, the majority of participants refrained from ingesting vasoactive substances for 

the recommended fasting time (8 to 12 hours) prior to assessment, and thus this was unlikely to 

influence the vascular measurement.206,207 

Another factor that could potentially affect our outcomes of interest is diet, particularly, 

foods, beverages, and vitamin supplements high in antioxidants.  While a full food frequency 

questionnaire was not administered, the flavonoid questionnaire included most of the commonly 

consumed fruits and vegetables consumed by this age group, which would contribute the most to 

the antioxidant and flavonoid content of the diet.  The flavonoid questionnaire was administered 

at each clinic visit, in order to evaluate changes in frequency of consumption during the study 

given the seasonality of fresh fruits and vegetables and thus the potential to consume more during 

late spring through early fall.  Recruitment for the JAVA study started in October; however, the 

majority of the clinic visits occurred during March through August.  A plot of the fruit and 

vegetable servings by month of clinic visit did not reveal any secular trends (data not shown).  

Additionally, there was no association between study baseline RH-PAT index scores and daily 

fruit and vegetable intake, nor was there any evidence for an interaction with juice on the change 

in index scores. 

As with all measurements, there is the potential for measurement error, which could be 

substantial when attempting to measure such a highly variable and easily influenced response.  A 

certain level of measurement error is inherent in any mechanical device.  Despite the claim that 

RH-PAT is “practically operator independent”,184 several aspects of the protocol for performing 

the vascular test could vary between and within test subjects as well as between and within 

operators that could contribute to measurement error.  For example, it is important that the finger 

probes, which contain the sensors measuring pulse volume changes, not come into contact with 

any objects, including another finger, the foam ring separating the fingers, the tubingo, or the 

mattress.  Additionally, the test subject must refrain from moving their fingers during the test, as 

this will create mechanical artifacts.208  

The RH-PAT index score was our only measure of microvascular reactivity, and only one 

test per subject per clinic visit was performed (due to cost), thus we were unable to estimate 
                                                      
o The EndoPAT device is connected to the finger probes via plastic tubing that is used to inflate the probes 
in  order  to  apply  a  uniform  pressure  on  the  finger  tips  so  that  the  biosensors  inside  the  probe  can 
measure the changes in pulse volume. 
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measurement error.  The RH-PAT index scores observed in our study likely reflect a combination 

of true biologic (variable) response, lack of sensitivity of the instrument, and measurement error 

(mechanical or operator).  For example, the range of RH-PAT index scores in our study was 

similar to other studies of adolescents with greater cardiovascular risk.  Since lower scores 

indicate worse endothelial function, and based on the positive correlation of scores with CVD risk 

factors reported in previous studies in adults, we would have expected a higher threshold for the 

lowest scores given our young and relatively healthy study population.  For example, there were 

several subjects with scores near 1.0, suggesting severe impairment; few if any studies have 

reported lower values.  Interestingly, the three subjects (aged 10 to 12 years) with the lowest 

scores (1.00 to 1.08) had the lowest weight (30 to 43 kg),p and blood pressure and lipids were 

within the normal range, thus not correlating with the CVD risk burden.  We speculate that the 

finger probe (one size fits all) may not accurately measure peripheral endothelial function in 

smaller children. 

Another example is the large within-subject variability with regard to the variation in 

baseline RH-PAT index scores (pre-supplementation measurements at clinic visits 1 and 3).  The 

correlation and difference between baseline scores were r=0.30, p=0.17 and 0.42 ± 0.37, 

respectively.q  Carry-over effect is always a potential issue in a cross-over trial; there was no 

statistical evidence for carry-over in the JAVA Study.  Further, flavonoids are rapidly 

metabolized and their metabolites are rapidly eliminated from plasma, which suggests that 

flavonoid-rich foods should be eaten on a daily basis in order to maintain high concentrations in 

the blood,118 thus it is unlikely that the effects from the juice would last beyond the four week 

washout period.  It is more likely that the large variability in baseline scores reflects the inability 

of the RH-PAT method to measure a highly variable response with high sensitivity in this study 

population.  Of note, large within-subject variability has frequently been reported in studies using 

FMD.209 

 

 

Strengths and limitations 

Childhood cancer survivors are at increased risk of accelerated atherosclerosis and 

premature CVD, likely due to the intensive therapeutic regimen used to treat their cancer.  Given 

                                                      
p 30 to 43 kg corresponds roughly to 66 to 95 lbs.   
q The difference between baseline scores  is  reported as  the absolute value of  the difference  in RH‐PAT 
index scores between visits 1 and 3. 



92 

 

the young age and potential for productivity, childhood cancer survivors are an ideal population  

for interventions that may help to alter the rate of progression of disease and prevent or delay 

serious cardiovascular events in adulthood.  Few intervention studies have been conducted in 

survivors to delay or mitigate these treatment effects.  The juice intervention was a novel and 

feasible strategy to potentially improve vascular health of survivors of childhood cancer in the 

early stages of CVD.  Had the juice intervention been successful, it would have been an 

inexpensive, well-tolerated, and natural way to improve vascular health.  A focused study in 

survivors that had more vascular impairment may have been more revealing. 

Several aspects of the study design were strengths of the JAVA Study.  The cross-over 

design helped to eliminate factors that could affect the vascular measurements and that could 

substantially differ between individuals (e.g., diet, exercise, extent of arterial damage).  The run-

in period proved useful in this study as those individuals unable to adhere to the study protocol 

dropped out (N=6) prior to the first clinic visit, thus saving the expense of the clinical and 

vascular tests.  The intervention itself was well received by study participants as there were no 

adverse side effects reported and no drop outs once subjects were randomized to the juice 

sequence.  We chose to study free-living individuals rather than impose a number of dietary 

restrictions, which may have made it more difficult to detect a significant effect associated with 

PGJ consumption.  However, we consider this choice a strength of the study since we were 

interested in evaluating whether regular consumption of PGJ, either as an addition to the diet or a 

replacement for another type of fruit juice, was a potent antioxidant that could increase 

antioxidant capacity and improve endothelial function regardless of diet, physical activity level, 

vitamin use, or use of medications with vasoactive properties.  Thus by limiting the number of 

restrictions, our results were more generalizable 

 Several of the potential study limitations have been previously discussed, including the 

duration of the juice intervention, compliance assessment, as well as the eligibility criteria that 

likely led to a study population with a low CVD risk profile.  Another limitation of the study was 

the sample size, given the larger intra-subject variability in vascular measurements than reported 

by the limited number of repeatability studies.  Based on the observed standard deviation of the 

difference for RH-PAT index scores (0.64 vs. an expected value of 0.25), the study was 

underpowered to detect a difference between the two juice groups. 

There were two related potential limitations due to the cross-over study design.  One 

limitation was the inability to estimate with precision the carry-over effect.  The other limitation 

was the inability to separate the treatment, carry-over, and period by interaction effects.  In a 
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study design with an equal number of treatments and periods, the treatment and carryover effects 

are not orthogonal.  For example, we can observe the carryover effect of grape juice on apple 

juice, and vice versa, but we cannot observe the carryover effect of grape juice on treatment with 

grape juice.  As a consequence there was less precision in estimating the carry-over effects 

compared with treatment effects.  A solution to this problem that would have allowed for a 

precise estimate of the carryover effects was to add an extra period whereby the subject received 

the same treatment in both the second and third periods (ABB, BAA).  The extra period design 

also allows for separation of the various effects (treatment, carryover, period, sequence), but like 

any other study design, there are disadvantages.  For example, the extra washout and treatment 

periods increase the length of the study, which could increase the rate of drop-out.  Additionally, 

this design would substantially increase the cost of the study if the measurements taken before 

and after each treatment period were expensive to perform, as was the case with the JAVA Study. 

 

Conclusions and implications for future research 

 The JAVA Pilot Study was the first intervention to evaluate the effects of purple grape 

juice on endothelial function in adolescents and in cancer survivors.  We successfully enrolled 24 

adolescent and young adult survivors of childhood cancer into the intervention trial and all 

randomized subjects completed the four month trial.  After four weeks of daily consumption of 

flavonoid-rich purple grape juice, no measurable improvement in vascular health was observed in 

this group of young, relatively healthy, cancer survivors. 

 Given the increasing number of cancer survivors and the identification of treatment-

related late effects, it is of great import to continue to design and implement interventions to 

prevent, delay, or mitigate these adverse effects.  Survivors of childhood cancer have been 

recognized as one of eight pediatric groups at high risk for accelerated atherosclerosis and 

manifest CVD early in adult life.48  An important next step is to be able to identify those cancer 

survivors most at risk before vascular disease is clinically evident.  Future studies in childhood 

cancer survivors should consider designing interventions that target the major risk factors for 

CVD, such as obesity, insulin resistance or diabetes, or hypertension, which directly or indirectly 

may also affect endothelial function.  

 Since endothelial dysfunction plays a key role in both the initiation and progression of 

atherosclerosis, there has been great interest in designing noninvasive measures of peripheral 

arteries to serve as a surrogate for endothelial function of coronary arteries, which can only be 

assessed by invasive techniques.  The most commonly utilized non-invasive technique, 
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ultrasound imaging of brachial artery FMD, RH-PAT, and other methods, each have their 

strengths and weaknesses.  Since the majority of studies utilizing these techniques have been 

conducted in older adults, especially adults with severe vascular disease, more research is needed 

to determine the best way to measure vascular health in individuals at an earlier stage of vascular 

impairment, including adolescents and young adults. 

 While RH-PAT has potential to be a useful research tool, more research using this device 

to detect microvascular endothelial function is needed, especially if this technology is to be used 

for randomized controlled trials, including cross-over studies.  Thus far, the success with being 

able to demonstrate endothelial impairment with this technology has primarily been reported by 

cross-sectional studies.  More reliability studies are needed, particularly in younger populations, 

in order to better understand the within-subject variability, and obtain more accurate sample size 

estimates for designing cross-over studies.  Future intervention trials should also collect multiple 

measurements to reduce the effect of intra-subject variability on the effect estimates.  

Additionally, studies in low risk groups, including adolescents and young adults, are needed to 

evaluate the sensitivity of RH-PAT to detect preliminary stages of peripheral vascular disease.  

Such studies may want to consider the use of multiple methods of assessment, e.g. FMD and RH-

PAT, to determine the best way to measure vascular health in a particular population.  Further, 

despite the claims that RH-PAT is fairly operator independent, additional research is needed to 

determine both the intra- and inter-operator variability, using different study populations. 
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Appendix A.  JAVA Study Letters of Approval 
 

 

Includes letters of approval from the University of Minnesota Institutional Review Board (initial 

study approval, protocol changes, and continuing review), the University of Minnesota Cancer 

Protocol Review Committee (CPRC), and the University of Minnesota Clinical and Translational 

Science Institute (CTSI). 
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Appendix B.  JAVA Study Forms and Ancillary Materials 
 

 

Includes letters (permission to contact, introductory letter, GCRC appointment confirmation, 

results), forms (assent, consent, HIPAA), telephone scripts (recruitment, consent), and ancillary 

materials (response post card, compensation post cards, packet instructions, calendar example, 

compensation form, juice instructions).  Since the study population included minors, 11 to 17 

years of age, as well as adults, 18 to 21 years of age, two sets of every document were created.  

Further, additional documents were created for recruitment at the University of Minnesota Long-

Term Follow-Up Clinic.  For brevity, only the documents addressed to the parent or guardian of 

the minor (recruited from the Metabolic Syndrome Study) are included in the appendix. 
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Appendix C.  JAVA Study Questionnaires 
 

 

Includes the Modifiable Activity Questionnaire for adolescents, the Modifiable Activity 

Questionnaire (for adults), and the Flavonoid Questionnaire.  
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Appendix D.  JAVA Study Clinic Visit Forms 
 

 

Includes the physician’s orders for the General Clinical Research Center (GCRC), the lab slip for 

Fairview Diagnostic Laboratories, and flow sheets for the GCRC staff and the JAVA study 

coordinator.
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