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Abstract 

Background and Objectives 

Although flavonoids have the potential to exert neuroprotective benefits, evidence of their role in 

improving survival rates among individuals with Parkinson disease (PD) remains lacking. We 

aimed to prospectively study the association between pre- and post-diagnosis flavonoid intakes 

and risk of mortality among individuals with PD identified from two large ongoing cohorts of 

US men and women. 

Methods 

Included in the current analysis were 599 women from the Nurses’ Health Study and 652 men 

from the Health Professionals Follow-up Study who were newly diagnosed with PD during 

follow-up. Dietary intakes of total flavonoid and its subclasses together with major 

flavonoid-rich foods (tea, apples, berries, orange and orange juice, and red wine) were repeatedly 

assessed based on a validated food frequency questionnaire every 4 years. Mortality was 

ascertained via the National Death Index and state vital statistics records. 

Results 

We documented 944 deaths during 32–34 years of follow-up. A higher total flavonoid intake 

before PD diagnosis was associated with a lower future risk for all-cause mortality in men 

(hazard ratio [HR] comparing two extreme quartiles=0.53, 95% CI: 0.39, 0.71; p-trend<0.001) 

but not in women (HR=0.93, 95% CI: 0.68, 1.28; p-trend=0.69), after adjusting for age, smoking 

status, total energy intake, and other covariates. The pooled HR comparing the extreme quartiles 

was 0.70 (95% CI: 0.40, 1.22; p-trend=0.25) with significant heterogeneity (p=0.01). For 
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flavonoid subclasses, the highest quartile of anthocyanins, flavones, and flavan-3-ols intakes 

before diagnosis had a lower mortality risk compared to the lowest quartile (pooled HR=0.66, 

0.78, and 0.69, respectively, p<0.05 for all); for berries and red wine, participants 

consuming >=3 servings/week had a lower risk (pooled HR=0.77 (95%CI: 0.58, 1.02) and 0.68 

(95%CI: 0.51, 0.91), respectively), compared to <1 serving/month. After PD diagnosis, greater 

consumptions of total flavonoid, subclasses including flavonols, anthocyanins, flavan-3-ols, and 

polymers, and berries and red wine, were associated with lower mortality risk (p<0.05 for all). 

Discussion 

Among individuals with PD, higher consumption of flavonoids, especially anthocyanins and 

flavan-3-ols, and flavonoid-rich food such as berries and red wine, was likely to be associated 

with a lower risk of mortality.  
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Introduction 

Parkinson disease (PD) substantially reduces life quality and increases the risk of morbidity and 

mortality.1 Mortality risk among individuals with PD was greater than that in the general 

population,2, 3 and could be even greater than the risk of individuals with other major chronic 

diseases, such as colorectal cancer, stroke, ischemic heart disease, or chronic obstructive 

pulmonary disease.4 However, few studies have examined the potential role of modifiable risk 

factors, such as dietary factors, in survival among individuals with PD.5 Several dietary 

components, such as flavonoids and flavonoid-rich foods, have been previously shown to be 

associated with a lower risk of developing PD.6 

 

Flavonoids are plant-derived polyphenolic molecules present naturally in a variety of fruits, 

vegetables, and several beverages (e.g., tea and red wine).7 Following ingestion, they are rapidly 

metabolized, and these metabolites can cross the blood-brain barrier resulting in diverse 

functions, such as the alleviation of oxidative stress, inflammation, and atherosclerosis.7 

Evidence suggests that they can reduce injury caused by nitric-oxide synthase and xanthine 

oxidase activity in the brain, thus are valued for their neuroprotective potential.8-10 Despite 

several recent animal studies on PD to examine the potential therapeutic effects of flavonoid 

compounds,11 evidence on the association between flavonoids and PD prognosis from human 

studies is lacking. Therefore, we prospectively studied the association between habitual dietary 

flavonoid intakes, flavonoid-rich food intakes, and risk of all-cause mortality among individuals 

who were diagnosed with PD from 2 large US cohorts.  
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Individuals with PD generally suffer from difficulty in swallowing, jaw rigidity, and impaired 

cutlery and food handling (i.e. dysphagia symptoms),12-14 which could lead to low consumption 

of flavonoid-rich foods (eg, fruit/vegetables) and poor disease prognosis.15 To minimize the 

potential for reverse causality due to dysphagia and other relevant motor disorders after PD 

motor symptom onset, and to provide evidence for the role of diet across the disease progression 

of PD since the preclinical stage, we used flavonoid intakes collected both before and after PD 

diagnosis as the primary exposures in this study. .   
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Methods 

Study population 

The current analyses were based on two ongoing cohorts -- the Nurses’ Health Study (NHS), 

which started in 1976 with 121,700 female registered nurses aged 30 to 55 years, and the Health 

Professionals Follow-up Study (HPFS), which started in 1986 with 51,529 male health 

professionals aged 40 to 75 years. Questionnaires were mailed to the participants at baseline and 

biennially thereafter to collect and update information on personal demographics, lifestyles, 

medical history, and chronic disease occurrence, as detailed elsewhere.6  

We included 599 women and 652 men who were newly diagnosed with PD during follow-up 

until 2012 and had dietary data available. PD cases were first identified by self-reported 

questionnaires and were confirmed by reviewing the medical records by a neurologist specialized 

in movement disorder, as detailed elsewhere.6  

 

Standard Protocol Approvals, Registrations, and Patient Consents 

The study protocol was approved by the institutional review boards of the Brigham and Women’s 

Hospital and Harvard T. H. Chan School of Public Health, and those of participating registries as 

required. 

 

Dietary flavonoid intake assessment 

Diet was assessed using a validated semi-quantitative food frequency questionnaire (FFQ) since 

1980 in the NHS and since 1986 in the HPFS and updated every two to four years thereafter. 
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Because the 1980 NHS FFQ included only half the number of food items in all following FFQs 

and did not include several major food items that contribute to habitual flavonoid intake, we used 

1984 as the baseline for NHS.6  

The updated and expanded US Department of Agriculture (USDA) flavonoid content of foods 

and the proanthocyanidin databases were used to quantify flavonoid levels from the FFQ as 

previously described.16 Intakes of individual compounds were calculated as the sum of the intake 

frequency multiplied by the content for the specified portion size of each food. We included 

intakes of the 6 main flavonoid subclasses commonly consumed in the US diet, specifically 

flavonols (quercetin, kaempferol, myricetin, and isohamnetin), anthocyanins (cyanidin, 

delphinidin, malvidin, pelargonidin, petunidin, and peonidin), flavones (luteolin and apigenin), 

flavanones (eriodictyol, hesperetin, and naringenin), flavan-3-ols (catechins and epicatachins), 

and flavonoid polymers (proanthocyanidins, theaflavins, and thearubigins).16 Total flavonoid 

intakes were calculated as the sum of the 6 component subclasses. The raw intakes were then 

calibrated by total energy intake. In the validation study of the FFQs compared to the weighed 

7-day dietary records, the energy-adjusted correlations for total flavonoid were 0.65 for men and 

0.63 for women.17 The correlations for flavonoid subclasses ranged from 0.19 (flavones) to 0.76 

(anthocyanins). The validity estimates for all major food contributors to flavonoid intake were 

also moderate to high: in men, the correlations were 0.78 for apples, 0.77 for blueberries, 0.74 

for strawberries, 0.71 for tea, 0.81 for oranges and orange juice, and 0.88 for red wines; in 

women the correlations were similar.17  
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Mortality ascertainment 

All-cause mortality was the primary outcome of this study. Deaths were identified from state 

vital statistics records, the National Death Index, reports from next of kin, or the postal 

authorities. More than 97% of deaths were identified for both cohorts; records matched by the 

National Death Index had a sensitivity of 97% and specificity of 100%.18, 19 The cause of death 

was confirmed by physicians reviewing death certificates or medical records, and coded 

according to the international classification of disease, 8th version (ICD-8) for the NHS and 9th 

version (ICD-9) for the HPFS.20 Participants who did not have death records by June 2108 were 

censored.  

 

Covariates assessment 

Information on age, smoking status, height, body weight, disease history, and the use of 

nonsteroidal anti-inflammatory drugs (NSAIDs) and post-menopausal hormone use in women 

was collected through biennial questionnaires.21, 22 Body mass index (BMI) was calculated as 

weight (kg)/height (m)2. Intakes of total energy, caffeine, alcohol, lactose, vitamin C, vitamin E, 

and beta-carotene were also calculated from the FFQs, as detailed previously.21, 22  

 

Statistical analysis 

To limit the potential for reverse causality due to PD severity and relevant symptoms, we 

separately examined the pre- and post-diagnosis flavonoid intakes. For pre-diagnosis analyses, 

the person-time of follow-up for each participant was calculated from the date of returning the 
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baseline FFQ until the first instance of death or the end of follow-up (June 2018). For 

post-diagnosis analyses, person-time was calculated from the date of returning the first FFQ after 

PD diagnosis until the first instance of death or the end of follow-up.  

For pre-diagnosis analyses, cumulative average intakes of flavonoids, which represent the 

long-term average intake, were calculated by taking the mean intake from all available FFQs 

before PD onset. For example, if an individual had PD onset in January 2000, the cumulative 

average intakes were calculated based on all available dietary intake data until 1998 (the last 

dietary assessment before PD onset). For post-diagnosis analyses, cumulative averages were 

calculated by taking the mean intake from all available FFQs after PD onset up to the end of 

follow-up. Cohort-specific quartiles were calculated for the cumulative average of 

energy-adjusted total and individual flavonoids pre- or post-diagnosis, separately.  

We also examined foods that are among the top contributors of dietary flavonoids in the US diet, 

specifically tea, apples, berries (strawberries and blueberries), orange and orange juice, and red 

wine.6 Flavonoid-rich foods were categorized into 4 groups based on the frequency of 

consumption: ≤1 serving/month (reference group), 1-3 servings/month, 1-2 servings/week, or ≥3 

servings/week; for orange and orange juice intake, because the overall intake frequency was 

higher than the other food, it was categorized into quartiles.  

Cox proportional hazard models were used to calculate hazard ratios (HRs) and 95% confidence 

intervals (CIs) with the lowest intake category as the reference. The median intake of each 

category was assigned to all participants in that category and entered as a continuous exposure to 

test for linear trends. Multivariable models were adjusted for age (year), smoking status (never 
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smoker, <10 pack-years, 10–24 pack-years, 25–44 pack-years, or ≥45 pack-years), BMI status 

(<21, 21-24.9, 25-29.9, or ≥30 kg/m2), physical activity (metabolic-equivalent hours, in 

quartiles), use of NSAIDs (yes/no), hypertension (yes/no), type 2 diabetes (yes/no), 

hypercholesterolemia (yes/no), and intakes of total energy (kcal/d, in quartiles), alcohol (0, 1–4.9, 

5–9.9, 10–14.9, or ≥15 g/d for women; 0, 1–9.9, 10–19.9, 20–29.9, or ≥30 g/d for men), caffeine 

(mg/d, in quartiles), lactose (mg/d, in quartiles), and post-menopausal hormone use in women 

(pre-menopausal/never used, current user, or past user). The primary outcome was all-cause 

mortality, and the secondary outcome was mortality from the top causes. Pooled HRs were 

obtained by pooling the estimates from both cohorts using random-effects models. 

 

Several sensitivity analyses were performed. To exclude potential confounding from other 

antioxidants that are rich in plant-derived foods, we further adjusted for energy-calibrated 

vitamin C, vitamin E, and beta-carotene intake (mg/d, in quartiles) in the sensitivity analysis. To 

examine sex heterogeneity in flavonoids intake, we applied the same quartile cut-off values 

generated in the HPFS to the NHS and estimate the risks. To minimize the potential for reverse 

causality due to prodromal symptoms (for pre-diagnosis intake) and disease severity (for 

post-diagnosis intake), we performed 4-year lagged analyses, where we stopped updating the 

dietary assessments by 4 years before PD diagnosis for pre-diagnosis analysis, and by 4 years 

before death or end of follow-up for post-diagnosis analysis. We tested the interaction between 

flavonoids intake and smoking status, alcohol intake, and caffeine intake. 

To evaluate the effect of unmeasured residual confounding, we calculated E-values using the 
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HRs and CIs calculated from the main models to estimate the minimum risk ratio that an 

unmeasured confounder outside the covariates in the adjusted model would need to have with 

both the exposure (flavonoids intake) and the outcome (mortality) to fully explain away the 

observed association.23, 24 A large E-value implies a robust model because considerable 

unmeasured confounding effect would be needed to explain the independent effect of the 

exposure.  

All statistical tests were 2-sided with a p-value of <0.05 as the significance level and performed 

using SAS version 9.2 for UNIX (SAS Institute, Cary, NC). 

 

Data availability 

Further information including the procedures to obtain and access data from the NHS and HPFS 

is available from the corresponding author upon reasonable request. 
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Results 

Mean ages at PD diagnosis were 72.8 (standard deviation [SD] = 8.3) years for men and 71.9 

(SD = 7.6) years for women. Participant characteristics at the last FFQ return before diagnosis 

are listed in Table 1. The mean (SD) time between the last pre-diagnosis dietary assessment and 

the time of PD diagnosis was 33.3 months in men and 31.5 months in women. In both cohorts, 

individuals who consumed more flavonoids were more likely to never smoke, have higher 

physical activity levels, and higher intakes of vitamin C, vitamin E, and beta-carotene. We 

documented 528 deaths in men and 416 deaths in women during 32-34 years of follow-up.  

 

In the multivariable adjusted models, a higher total flavonoid intake before PD diagnosis was 

associated with a lower future risk for all-cause mortality after PD diagnosis in men (p-trend 

<0.001) but not in women (p-trend = 0.69); p-heterogeneity = 0.01; Table 2). For per 100 mg/d 

higher total flavnonoid intake, the pooled adjusted HR was 0.93 (95% CI: 0.83, 1.05), and the 

E-value was 1.28. The HR comparing the highest versus the lowest quartile was 0.53 (95% CI: 

0.39, 0.71) in men and 0.93 (95% CI: 0.68, 1.28) in women; the pooled HR was 0.70 (95% CI: 

0.40, 1.22; p-trend = 0.25; p-heterogeneity = 0.01). The E-values comparing the extreme 

quartiles were 2.47 in men and 1.28 in women, also suggesting that the association was more 

robust in men that it is more unlikely to be explain away by an unmeasured confounder. 

 

In the analyses of flavonoid subclasses, we found significant associations between a higher 

anthocyanins, flavones, and flavan-3-ols intake and lower mortality risk in the pooled analyses 



 14 / 40 

 

(Table 3). The pooled HR comparing the highest versus the lowest intake quartiles was 0.66 (95% 

CI: 0.53, 0.82; p-trend <0.001; p-heterogeneity = 0.34) for anthocyanin, 0.78 (95% CI: 0.63, 0.97; 

p-trend = 0.03; p-heterogeneity = 0.52) for flavones, and 0.69 (95% CI:0.49, 0.97; p-trend = 0.24; 

p-heterogeneity = 0.10) for flavan-3-ols. In the analyses of flavonoid-rich foods, a higher intake 

of red wine, but not other foods, was associated with lower mortality risk (pooled HR 

comparing >=3 servings/week vs. <1 serving per month = 0.68; 95% CI: 0.51, 0.91; 

p-heterogeneity = 0.44; Table 4).  

 

Compared to pre-diagnosis, the post-diagnosis cumulative average flavonoids intake slightly 

increased by 9.79 mg/d (standard error (SE) = 4.07, p = 0.02) in the HPFS during 9.78 years but 

decreased by -38.4 mg/d (SE = 4.78, p <0.001) in the NHS during 10.6 years. When we 

examined the association between intakes of flavonoids and flavonoid-rich foods after PD 

diagnosis, similar patterns were observed (Tables 2-4). Higher intakes of total flavonoid and 

several subclasses including flavonols, anthocyanins, flavan-3-ols, and polymers were associated 

with lower mortality risk (pooled adjusted HR comparing the extreme quartiles = 0.78, 0.66, 0.59, 

0.75, and 0.65, respectively, p <0.05 for all). For flavonoid-rich foods, a higher intake of berries 

and red wine was associated with lower mortality risk (pooled HR comparing comparing >=3 

servings/week vs. <1 serving per month = 0.74 and 0.60, respectively, p <0.05 for both).  

 

In both pre- and post-diagnosis analyses, further adjusting for vitamin C, vitamin E, and 

beta-carotene intake did not materially change the results (Table 2). The 4-year lagged analyses 
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showed similar results (Table 2). In the NHS, using the same cut-off values as in the HPFS for 

grouping did not materially change the results (Table 2). We did not find any significant 

interaction between total flavonoid intake and age, smoking, caffeine, and alcohol intake 

(p-interaction >0.05 for all).  

 

Among the 944 deaths in total, we identified 513 deaths from PD, 112 deaths from 

cardiovascular diseases, and 69 deaths from cancers. Because of the relatively small case 

numbers, only the results for mortality due to PD were presented in Table 5. Pre-diagnosis total 

flavonoid intake was inversely associated with PD-specific mortality in men (adjusted HR 

comparing the extreme quartiles = 0.50, 95% CI: 0.34, 0.75) but not in women (HR = 0.94, 95% 

CI: 0.61, 1.45). When examining the flavonoid subclasses that showed significant associations 

with all-cause mortality, significant inverse associations were found for anthocyanins intake both 

before and after diagnosis (pooled adjusted HR comparing the extreme quartiles = 0.63 and 0.53, 

respectively, p <0.05 for both). 
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Discussion 

In this prospective cohort study, we found, for the first time, that individuals with PD who 

habitually consumed more flavonoids and certain subclasses of flavonoids (eg, anthocyanin and 

flavan-3-ols) were likely to have a lower risk of all-cause mortality, relative to those with lower 

intake. Consistently, greater consumption of berries and red wine that are rich in anthocyanins 

was also associated with lower mortality. The observed associations between flavonoid 

consumption before PD onset and future risk of mortality were more pronounced in men than in 

women.  

 

This is the first study to examine the risk of mortality among individuals with PD in relation to 

the habitual diet. Although direct comparison with other studies cannot be made, our results are 

in line with those from previous studies on related topics, eg., an association between flavonoids 

intake and risk of developing PD, and flavonoids intake and mortality in general populations. In 

our previous study using the data from the same cohorts, higher flavonoid intakes were 

associated with lower incident PD risk in men (HR comparing 2 extreme quintiles = 0.60, 95% 

CI: 0.43, 0.83) but not in women (HR comparing 2 extreme quintiles = 1.01, 95% CI: 0.70, 1.44). 

Consistently, in subclass analyses, higher intakes of anthocyanins and anthocyanin-rich foods, 

such as berries, were associated with lower PD risk.6 A case-control study reported that 

individuals with PD (n=81) consumed fewer blueberries and strawberries compared to their 

sibling controls (odds ratio = 0.62 for blueberries and 0.42 for strawberries), although the 

difference did not reach statistical significance.25 Two recent meta-analyses found that 
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consumption of total flavonoids, flavones, and anthocyanins, were inversely associated with the 

risk of all-cause mortality and CVD-attributed mortality.26.27 However, these studies did not 

examine mortality attributed to other reasons such as PD or neurodegenerative diseases. Our 

results added to the current evidence of the beneficial effect of increasing dietary flavonoid 

intake but additionally focused on a group with special disease etiology and high mortality risk.  

 

The potential biological explanations for the observed protective effect of dietary flavonoids on 

mortality in individuals with PD could be complex because subtle differences in structure can 

have marked effects on the bioavailability and bioactivity of flavonoid metabolites. We proposed 

the following potential mechanisms underlying the association. One main neuroprotective 

pathway could be through direct radical scavenging, which inhibits LDL oxidation and lowers 

chronic neuroinflammation levels.7 Flavonoids can also alter enzyme activities and thus 

regulated oxidative activities. This includes inhibiting nitric-oxide synthase to reduce nitric oxide 

injury and subsequent cell membrane damage,28 increasing intracellular glutathione,29 and 

preventing the influx of Ca2+ despite high levels of reactive oxygen species. Studies on other 

plant-based bioactives including vitamin E, beta carotene, or other carotenoids and PD risk found 

mixed results,30, 31 suggesting the importance of studies on flavonoids against neuroinflammation. 

Another explanation could be the potential protective effect of flavonoids on other major chronic 

diseases, such as hypertension,16 cardiovascular disease,32 stroke,33 and cancers34. Moreover, 

studies have reported that flavonoids protect against cognitive decline35 and depression36, which 

are associated with higher mortality risk. Due to the limited number of cases in this study, we 
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were unable to explore the association for deaths caused by other diseases except for PD. Future 

studies with enough power to examine cause-specific mortality are needed.  

 

We found that higher intakes of anthocyanins and flavan-3-ols both pre- and post-diagnosis of 

PD were associated with lower mortality risk. Consistently, top food contributors to dietary 

anthocyanins and flavan-3-ols are berries and red wines,37, 38 which tended to be associated with 

lower mortality risk. Besides the anti-inflammatory properties aforementioned for the flavonoids 

family,39 anthocyanins have been shown to exert antiapoptosis effects and protect cognition and 

motor functions.37 Rats fed with grape juice showed an increase in dopamine release and motor 

performances which rely on balance, coordination, and strength.40 Moreover, anthocyanins and 

flavan-3-ols may improve cerebral blood flow.37, 41 Anthocyanins were distributed in several 

regions of the brain, including the striatum.42 In animal models, the concentration of 

anthocyanins in the brain rises very shortly after introducing to the stomach.43 These 

observations further support the brain as an important site for anthocyanin functioning. 

Flavan-3-ols and related metabolites could act as scavengers of reactive oxygen and reactive 

nitrogen species,44 and interact with cell signaling to down-regulate cell apoptosis.38 In the 

Framingham Heart Study Offspring Cohort, intakes of flavonoids, especially flavan-3-ols, were 

reported to be inversely associated with brain MRI measures that are markers for Alzheimer’s 

disease and related dementia (p-trend = 0.01).45  

 

The pre-diagnosis associations seemed to be more robust in men than in women. Using the same 
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cut-off values as in HPFS for grouping in the NHS did not result in significant association either, 

suggesting that the difference is not due to sex-specific flavonoid intake level. This was 

consistent with findings from previous studies where sex differences have been reported for other 

risk factors of PD, eg., flavonoid intake,6 caffeine intake,46 dairy intake,47 and plasma urate48. 

However, because of the lack of results on flavonoids and PD prognosis from other cohorts, we 

cannot exclude the possibility of a chance finding. Genetic, hormonal, and inflammatory factors 

could interact with each other and possibly contribute to the sex difference in the potential 

neuroprotective effects of flavonoids at the preclinical and prodromal stages.49 Studies suggested 

that the clinical motor symptom could be different between men and women, and this could 

imply heterogeneity in the underlying causes or domain of neurodegeneration.50 Unfortunately, 

information on the clinical phenotypes, e.g., tremor or non-tremor dominant PD, was not 

available for both NHS/HPFS participants, we thus could not examine the sex differences.  

 

We found that post-diagnosis flavonoids intake slightly increased in the HPFS but decreased in 

the NHS, although the magnitudes of change (9.79 and -38.4 mg/d) were relatively small 

compared to the quartile median differences (ranged 82–313 mg/d). Due to the high risk of 

mortality in PD, effective prevention and treatment strategies are urgently needed to reduce 

disease burden and mortality. Dietary flavonoids have been suggested and tested in animal 

models as novel therapies for PD.9 A recent review summarized the preclinical pharmacological 

studies in animals that utilized flavonoid compounds in neurodegenerative disease treatment.11 

However, these preliminary works mostly focused on traditional Oriental medicine. Most of 
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these animal studies suffered from poor quality, eg., lack of sample size calculation, 

randomization, and blinding of investigators.11 The hypotheses should be tested with 

well-designed drugs and rigorous study designs.  

 

Our study fills a significant literature gap in examining the role of dietary habits on mortality 

among individuals with PD. This was made plausible by repeated dietary assessments over 30 

years in both cohorts. We were able to examine pre- and post-diagnosis flavonoids intake 

separately. We calculated cumulative average intake to minimize the random measurement and at 

the same time to capture the change in dietary intake. Several limitations also need to be 

considered. First, even though we adjusted for major confounders, we do not have detailed 

information on disease severity, which may confound the association. For example, the severity 

of the disease, especially the severity of motor symptoms such as difficulty with chewing, was 

not available but could confound the observed association. We thus used pre-diagnosis intake as 

primary exposure when motor symptoms should be less severe in general. For post-diagnosis 

intake, the mean (SD) time between the last dietary assessment and death/end of follow-up was 

5.4 years in men and 6.4 years in women; and we further performed 4-year lagged analysis to 

limit the risk of reverse causality. We also calculated E-values to estimate the effect an 

unmeasured confounder needed to fully explain away the exposure-outcome association. The 

E-value for the highest versus the lowest quartile of flavonoid intake in men was 2.47, meaning 

that the observed association could only be explained away by an unmeasured confounder that 

was associated with both dietary flavonoids intake and all-cause mortality by a risk ratio of 
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2.47-fold each, above and beyond the measured confounders. Although E-value needs to be 

interpreted with caution by carefully considering the study design and possible bias, it is a 

promising statistical instrument for observational studies to measure the magnitude of residual 

confounding. Second, mortality was the only prognostic outcome in this study. Data on PD 

progression would be useful to better illustrate the neuropathological effect of flavonoids. 

Meanwhile, although the NHS and HPFS cohorts had a high-follow-up rate of over 97% 

mortality cases, there could be cases loss to the follow-up or misclassified outcomes due to the 

limitation of data access. Cause-specific mortality among the included participants with PD was 

not confirmed by neurologists, which may lead to misclassification. Third, the NHS and HPFS 

include predominantly white healthcare professionals, which limits the generalizability to 

individuals of other races/ethnicities and socioeconomic backgrounds. Last, future studies could 

examine this association among individuals without PD, which would allow a better assessment 

of the specificity of this finding for PD. Based on these limitations, cautions need to be taken 

when interpreting the findings of this study.  

 

To conclude, in this prospective cohort study, individuals with PD who consumed more 

flavonoids, especially anthocyanins and flavan-3-ols, had a lower risk of all-cause mortality. 

Consistently, higher intake of flavonoid-rich food, especially berries and red wine, were 

associated with a lower mortality risk. Results based on pre-diagnosis flavonoid intakes were 

more pronounced in men than in women. These findings suggest the importance of dietary 

flavonoids as a potentially modifiable factor to improve prognostic and life expectancy among 
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individuals with PD. 
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Table 1. Characteristics at the last diet assessment before diagnosis of Parkinson disease. 

 Energy-adjusted total flavonoids intake 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 

HPFS     

N 163 163 163 163 

Age at diagnosis, y* 71.7 (8.4) 72.2 (8.5) 72.9 (8.5) 74.5 (7.7) 

Total flavonoids intake, mg/d 134 (35.7) 230 (25.7) 340 (41.9) 673 (262) 

Smoking status     

-    Never, % 45.9 57.9 60.6 60.7 

-    Past, % 51.9 40.4 36.5 38.7 

-    Current, % 2.2 1.7 2.9 0.6 

Body mass index, kg/m2 26.2 (3) 26 (3) 25.3 (3.1) 25 (3.2) 

Physical activity, met-h/wka 20.4 (26.4) 29.4 (28.2) 30.2 (29.7) 31.7 (28.7) 

Use of NSAIDsb, % 30.6 33.8 28.8 29.0 

Hypertension, % 45.3 50.0 44.4 43.9 

Type 2 diabetes, % 13.2 8.2 8.3 5.5 

Hypercholesterolemia, % 37.4 45.2 53.8 52.9 

Total energy intake, kcal/d 1927 (639) 2050 (655) 1999 (654) 1906 (605) 

Alcohol intake, g/d 10.3 (15.4) 9.6 (13.1) 9.1 (9.5) 11.1 (13.2) 

Caffeine intake, mg/d 163 (220) 112 (137) 120 (141) 147 (150) 

Lactose intake, mg/d 17.9 (17.1) 20.2 (15.6) 16.6 (13.6) 13.5 (10.5) 

Vitamin C intake, mg/d 375 (444) 412 (375) 522 (481) 506 (529) 

Vitamin E intake, mg/d 69.7 (106) 84.3 (103) 116 (139) 95 (132) 

Beta-carotene intake, mg/d 5.3 (3.7) 5.7 (3.8) 7.5 (5.6) 8.4 (5.3) 

NHS     

N 149 150 150 150 

Age, y* 70.4 (7.5) 72.7 (7.4) 72.7 (7.8) 71.7 (7.6) 

Total flavonoids intake, mg/d 133 (39.6) 219 (20.6) 313 (37.6) 736 (412) 

Smoking status     

-    Never, % 51.9 52.8 58.3 54.6 

-    Past, % 43.5 44.2 38.6 42.6 

-    Current, % 4.7 2.9 3.0 2.8 

Body mass index, kg/m2 26.2 (5.3) 25.8 (4.9) 25.3 (4.4) 25.6 (4) 

Physical activity, met-h/wka 14.6 (17.5) 16 (18.4) 16.4 (14.7) 15.6 (17.2) 

Use of NSAIDsb, % 31.0 23.0 29.0 31.3 
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 Energy-adjusted total flavonoids intake 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Use of postmenopausal 

hormone 

    

-    Premenopausal/never 

used, % 

34.1 34.1 29.1 35.0 

-    Current user, % 31.1 26.0 29.8 19.9 

-    Past user, % 34.8 40.0 41.0 45.1 

Hypertension, % 53.5 52.4 52.8 49.5 

Type 2 diabetes, % 8.6 5.6 6.2 5.0 

Hypercholesterolemia, % 59.7 61.3 65.6 60.5 

Total energy intake, kcal/d 1754 (518) 1722 (559) 1785 (499) 1543 (520) 

Alcohol intake, g/d 3.2 (6.9) 5.3 (9.1) 7.6 (12.4) 4.1 (7.3) 

Caffeine consumption, mg/d 151 (187) 122 (144) 137 (151) 186 (164) 

Lactose intake, mg/d 17.3 (13.9) 18.1 (15.3) 14.7 (10.4) 15.7 (12.3) 

Vitamin C intake, mg/d 299 (329) 376 (344) 346 (276) 388 (405) 

Vitamin E intake, mg/d 55.7 (88.4) 93.3 (101) 84.5 (107) 64.6 (90.1) 

Beta-carotene intake, mg/d 4 (2.4) 5.7 (3.6) 5 (2.8) 5.8 (3.4) 

Values are means (SD) for continuous variables; percentages for categorical variables and are 
standardized to the age distribution of the study population. 
* Value is not age-adjusted. 
a Metabolic equivalent hours per week from recreational and leisure-time activities. 
b Nonsteroidal anti-inflammatory drugs. 
HPFS, the Health Professionals Follow-up Study; NHS, the Nurses’ Health Study. 
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Table 2. Association (hazard ratio with 95% confidence interval) between pre- and post-diagnosis cumulative average total 

flavonoids intake and mortality.  

 Energy-adjusted total flavonoids intake  

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-trend 

Pre-diagnosis      

HPFS      

  Median, mg/d 142 231 326 541  

  Case n 129 131 148 120  

  Model 1 1 (ref) 0.57 (0.44, 0.75) 0.56 (0.43, 0.73) 0.50 (0.38, 0.65) <0.001 

  Model 2 1 0.62 (0.47, 0.82) 0.59 (0.46, 0.77) 0.53 (0.39, 0.71) <0.001 

  + Other antioxidants 1 0.60 (0.45, 0.81) 0.61 (0.46, 0.82) 0.56 (0.41, 0.77) 0.006 

  4-year lagged before diagnosis 1 0.74 (0.56, 1.00) 0.64 (0.48, 0.85) 0.61 (0.45, 0.83) 0.004 

NHS      

  Median, mg/d 148 230 340 653  

  Case n 96 109 115 96  

  Model 1 1 0.85 (0.64, 1.13) 0.85 (0.64, 1.13) 0.86 (0.64, 1.15) 0.51 

  Model 2 1 0.97 (0.72, 1.31) 1.03 (0.76, 1.40) 0.93 (0.68, 1.28) 0.69 

  + Other antioxidants 1 1.03 (0.76, 1.40) 1.11 (0.81, 1.53) 0.95 (0.68, 1.31) 0.61 

  4-year lagged before diagnosis 1 0.95 (0.69, 1.29) 1.00 (0.73, 1.36) 0.92 (0.67, 1.27) 0.65 

  Usinng HPFS intake cutoffs 1 1.01 (0.74, 1.37) 1.05 (0.77, 1.43) 0.98 (0.73, 1.32) 0.96 

Model 2 pooled 1 0.77 (0.50, 1.19) 0.78 (0.45, 1.35) 0.70 (0.40, 1.22) 0.25 

  p-heterogeneity - 0.03 0.007 0.01 0.01 

Post-diagnosis      

HPFS      
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  Median, mg/d 161 256 343 518  

  Case n 110 115 109 101  

  Model 1 1 (ref) 0.91 (0.67, 1.23) 0.79 (0.58, 1.08) 0.69 (0.51, 0.95) 0.01 

  Model 2 1 0.96 (0.70, 1.31) 0.88 (0.64, 1.21) 0.78 (0.56, 1.08) 0.10 

  + Other antioxidants 1 0.99 (0.71, 1.36) 0.92 (0.66, 1.28) 0.82 (0.58, 1.16) 0.20 

  4-year lagged before mortality 1 0.85 (0.59, 1.21) 0.92 (0.65, 1.32) 0.65 (0.45, 0.93) 0.03 

NHS      

  Median, mg/d 149 219 310 519  

  Case n 92 95 90 70  

  Model 1 1 1.02 (0.74, 1.38) 0.87 (0.64, 1.19) 0.76 (0.54, 1.05) 0.05 

  Model 2 1 0.91 (0.65, 1.26) 0.91 (0.65, 1.28) 0.79 (0.55, 1.15) 0.24 

  + Other antioxidants 1 0.88 (0.63, 1.24) 0.94 (0.66, 1.32) 0.82 (0.56, 1.21) 0.40 

  4-year lagged before mortality 1 0.71 (0.49, 1.02) 0.88 (0.62, 1.25) 0.70 (0.47, 1.03) 0.19 

Model 2 pooled 1 0.93 (0.74, 1.17) 0.89 (0.71, 1.13) 0.78 (0.61, 1.00) 0.05 

  p-heterogeneity - 0.82 0.86 0.93 0.78 

Model 1 was adjusted for age (year); model 2 was further adjusted for smoking status (never smoker, <10 pack-years, 10–24 

pack-years, 25–44 pack-years, or ≥45 pack-years), body mass index (<21, 21-24.9, 25-29.9, or ≥30 kg/m2), physical activity 

(MET-h/wk, in quartiles), use of nonsteroidal anti-inflammatory drugs (yes/no), hypertension (yes/no), type 2 diabetes (yes/no), 

hypercholesterolemia (yes/no), total energy intake (kcal/d, in quartiles), alcohol intake (0, 1–4.9, 5–9.9, 10–14.9, or ≥15 g/d for 

women; 0, 1–9.9, 10–19.9, 20–29.9, or ≥30 g/d for men), caffeine intake (mg/d, in quartiles), lactose intake (mg/d, in quartiles), and 

post-menopausal hormone use in women (pre-menopausal/never used, current user, or past user). 

Other antioxidants include energy-adjusted vitamin C (mg/d, in quartiles), vitamin E (mg/d, in quartiles), and beta-carotene (mg/d, in 

quartiles) intake. 

HPFS, the Health Professionals Follow-up Study; NHS, the Nurses’ Health Study. 

Results were pooled using random effect models. 
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Table 3. Association (hazard ratio with 95% confidence interval) between pre- and post-diagnosis cumulative average 

flavonoids intake and mortality.  

 Energy-adjusted intake 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-trend 

Pre-diagnosis      

Flavonols      

  HPFS 1 (ref) 0.66 (0.50, 0.88) 0.52 (0.39, 0.70) 0.47 (0.34, 0.63) <0.001 

NHS 1 1.05 (0.77, 1.43) 1.01 (0.73, 1.40) 1.03 (0.75, 1.40) 0.95 

Pooled 1 0.83 (0.53, 1.30) 0.72 (0.38, 1.39) 0.69 (0.32, 1.50) 0.33 

Anthocyanins      

HPFS 1 0.83 (0.63, 1.10) 0.80 (0.60, 1.05) 0.60 (0.45, 0.80) <0.001 

NHS 1 0.82 (0.60, 1.13) 1.06 (0.78, 1.45) 0.75 (0.53, 1.04) 0.17 

Pooled 1 0.83 (0.67, 1.02) 0.91 (0.69, 1.21) 0.66 (0.53, 0.82) <0.001 

Flavones      

HPFS 1 0.90 (0.68, 1.19) 0.92 (0.70, 1.21) 0.74 (0.55, 0.98) 0.04 

NHS 1 0.85 (0.63, 1.16) 0.95 (0.69, 1.29) 0.85 (0.62, 1.16) 0.45 

Pooled 1 0.88 (0.72, 1.08) 0.93 (0.76, 1.14) 0.78 (0.63, 0.97) 0.03 

Flavanones      

HPFS 1 1.05 (0.80, 1.39) 0.99 (0.75, 1.29) 0.97 (0.73, 1.29) 0.73 

NHS 1 0.78 (0.57, 1.05) 0.81 (0.60, 1.09) 0.90 (0.66, 1.23) 0.74 

Pooled 1 0.91 (0.67, 1.23) 0.90 (0.74, 1.10) 0.94 (0.76, 1.16) 0.63 

Flavan-3-ols      

HPFS 1 0.73 (0.55, 0.96) 0.64 (0.49, 0.84) 0.58 (0.43, 0.77) 0.001 

NHS 1 0.76 (0.56, 1.02) 1.02 (0.76, 1.38) 0.83 (0.60, 1.13) 0.62 
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Pooled 1 0.74 (0.61, 0.91) 0.81 (0.51, 1.28) 0.69 (0.49, 0.97) 0.24 

Polymers      

HPFS 1 0.85 (0.63, 1.13) 0.63 (0.48, 0.83) 0.60 (0.44, 0.81) <0.001 

NHS 1 0.97 (0.72, 1.31) 1.14 (0.84, 1.54) 0.95 (0.69, 1.30) 0.75 

Pooled 1 0.91 (0.74, 1.12) 0.84 (0.47, 1.50) 0.75 (0.48, 1.18) 0.27 

Post-diagnosis      

Flavonols      

HPFS 1 (ref) 0.89 (0.65, 1.23) 0.95 (0.70, 1.29) 0.68 (0.49, 0.95) 0.03 

NHS 1 0.78 (0.56, 1.09) 0.98 (0.70, 1.35) 0.64 (0.45, 0.92) 0.04 

Pooled 1 0.84 (0.67, 1.06) 0.96 (0.77, 1.20) 0.66 (0.52, 0.85) 0.003 

Anthocyanins      

HPFS 1 0.95 (0.69, 1.30) 1.00 (0.72, 1.40) 0.61 (0.43, 0.87) 0.003 

NHS 1 0.95 (0.69, 1.33) 0.88 (0.62, 1.23) 0.56 (0.38, 0.82) 0.001 

Pooled 1 0.95 (0.76, 1.19) 0.94 (0.74, 1.19) 0.59 (0.45, 0.76) <0.001 

Flavones      

HPFS 1 1.15 (0.84, 1.58) 0.95 (0.70, 1.30) 0.94 (0.67, 1.30) 0.44 

NHS 1 0.95 (0.68, 1.33) 1.16 (0.82, 1.63) 0.99 (0.70, 1.40) 0.95 

Pooled 1 1.05 (0.84, 1.33) 1.04 (0.83, 1.31) 0.96 (0.76, 1.22) 0.57 

Flavanone      

HPFS 1 1.00 (0.72, 1.37) 0.81 (0.59, 1.12) 1.05 (0.76, 1.46) 0.96 

NHS 1 1.03 (0.73, 1.45) 0.98 (0.69, 1.38) 1.29 (0.92, 1.80) 0.16 

Pooled 1 1.01 (0.80, 1.28) 0.89 (0.70, 1.12) 1.16 (0.92, 1.47) 0.32 

Flavan-3-ols      

HPFS 1 0.90 (0.67, 1.22) 0.69 (0.49, 0.96) 0.73 (0.53, 1.02) 0.07 

NHS 1 0.81 (0.58, 1.14) 0.96 (0.69, 1.33) 0.78 (0.54, 1.14) 0.35 

Pooled 1 0.86 (0.69, 1.08) 0.81 (0.59, 1.12) 0.75 (0.59, 0.96) 0.06 
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Polymers      

HPFS 1 0.80 (0.58, 1.10) 0.91 (0.65, 1.25) 0.61 (0.44, 0.86) 0.007 

NHS 1 0.73 (0.52, 1.02) 0.77 (0.55, 1.08) 0.70 (0.49, 1.02) 0.15 

Pooled 1 0.76 (0.61, 0.96) 0.84 (0.66, 1.06) 0.65 (0.51, 0.84) 0.003 

Models were adjusted for age (year), smoking status (never smoker, <10 pack-years, 10–24 pack-years, 25–44 pack-years, or ≥45 

pack-years), body mass index (<21, 21-24.9, 25-29.9, or ≥30 kg/m2), physical activity (MET-h/wk, in quartiles), use of nonsteroidal 

anti-inflammatory drugs (yes/no), hypertension (yes/no), type 2 diabetes (yes/no), hypercholesterolemia (yes/no), total energy intake 

(kcal/d, in quartiles), alcohol intake (0, 1–4.9, 5–9.9, 10–14.9, or ≥15 g/d for women; 0, 1–9.9, 10–19.9, 20–29.9, or ≥30 g/d for 

men), caffeine intake (mg/d, in quartiles), lactose intake (mg/d, in quartiles), and post-menopausal hormone use in women 

(pre-menopausal/never used, current user, or past user). 

HPFS, the Health Professionals Follow-up Study; NHS, the Nurses’ Health Study. 

Results were pooled using random effect models. 
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Table 4. Association (hazard ratio with 95% confidence interval) between post-diagnosis cumulative average flavonoid-rich 

food intake and mortality.  

 
< 1 

serving/month 
1-3 servings/month 1-2 servings/week > 3 servings/week p-trend 

Pre-diagnosis      

Tea      

HPFS 1 (ref) 1.17 (0.87, 1.57) 0.84 (0.63, 1.13) 0.79 (0.62, 1.01) 0.03 

NHS 1 0.98 (0.67, 1.45) 0.74 (0.52, 1.06) 0.97 (0.74, 1.27) 0.79 

Pooled 1 1.10 (0.87, 1.39) 0.80 (0.64, 1.00) 0.87 (0.72, 1.05) 0.16 

Apples      

HPFS 1 1.17 (0.79, 1.74) 0.88 (0.60, 1.29) 0.90 (0.62, 1.29) 0.14 

NHS 1 0.78 (0.46, 1.31) 0.69 (0.43, 1.11) 0.81 (0.50, 1.30) 0.82 

Pooled 1 0.99 (0.67, 1.47) 0.80 (0.59, 1.08) 0.86 (0.65, 1.15) 0.19 

Berries      

HPFS 1 0.93 (0.72, 1.20) 0.93 (0.71, 1.22) 0.72 (0.49, 1.07) 0.19 

NHS 1 0.83 (0.60, 1.16) 0.94 (0.68, 1.29) 0.83 (0.55, 1.24) 0.67 

Pooled 1 0.89 (0.73, 1.10) 0.93 (0.76, 1.15) 0.77 (0.58, 1.02) 0.20 

Red wine      

HPFS 1 0.88 (0.67, 1.16) 0.60 (0.43, 0.83) 0.62 (0.43, 0.90) <0.001 

NHS 1 1.03 (0.74, 1.42) 1.01 (0.67, 1.51) 0.79 (0.49, 1.29) 0.52 

Pooled 1 0.94 (0.76, 1.16) 0.76 (0.46, 1.27) 0.68 (0.51, 0.91) 0.08 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-trend 

Orange and orange juice      

HPFS 1 0.97 (0.74, 1.27) 0.94 (0.71, 1.23) 0.86 (0.65, 1.15) 0.31 
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NHS 1 0.90 (0.67, 1.21) 0.85 (0.62, 1.16) 1.09 (0.78, 1.51) 0.67 

Pooled 1 0.94 (0.77, 1.14) 0.90 (0.73, 1.10) 0.95 (0.76, 1.19) 0.56 

Post-diagnosis      

Tea      

HPFS 1 (ref) 1.08 (0.77, 1.52) 0.86 (0.57, 1.27) 0.89 (0.65, 1.21) 0.37 

NHS 1 0.85 (0.57, 1.26) 1.38 (0.94, 2.02) 0.97 (0.70, 1.35) 0.78 

Pooled 1 0.98 (0.75, 1.26) 1.09 (0.68, 1.75) 0.93 (0.74, 1.16) 0.65 

Apples      

HPFS 1 1.22 (0.78, 1.88) 1.01 (0.64, 1.59) 0.90 (0.60, 1.35) 0.12 

NHS 1 0.91 (0.61, 1.37) 1.16 (0.79, 1.70) 1.11 (0.77, 1.61) 0.33 

Pooled 1 1.04 (0.77, 1.40) 1.09 (0.81, 1.46) 1.01 (0.77, 1.33) 0.82 

Berries      

HPFS 1 0.98 (0.70, 1.37) 1.08 (0.79, 1.47) 0.76 (0.53, 1.09) 0.27 

NHS 1 0.87 (0.63, 1.22) 0.76 (0.54, 1.06) 0.72 (0.48, 1.08) 0.07 

Pooled 1 0.93 (0.73, 1.17) 0.91 (0.64, 1.29) 0.74 (0.57, 0.97) 0.04 

Red wine      

HPFS 1 0.79 (0.55, 1.12) 0.86 (0.57, 1.30) 0.56 (0.36, 0.85) 0.01 

NHS 1 1.24 (0.77, 1.97) 0.99 (0.49, 1.99) 0.69 (0.37, 1.28) 0.43 

Pooled 1 0.96 (0.62, 1.49) 0.89 (0.63, 1.27) 0.60 (0.42, 0.85) 0.01 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-trend 

Orange and orange juice      

HPFS 1 0.96 (0.69, 1.33) 0.86 (0.62, 1.20) 1.13 (0.82, 1.56) 0.46 

NHS 1 1.08 (0.76, 1.54) 1.08 (0.76, 1.52) 1.23 (0.88, 1.74) 0.26 

Pooled 1 1.01 (0.80, 1.29) 0.96 (0.75, 1.22) 1.18 (0.93, 1.49) 0.20 

Models were adjusted for age (year), smoking status (never smoker, <10 pack-years, 10–24 pack-years, 25–44 pack-years, or ≥45 

pack-years), body mass index (<21, 21-24.9, 25-29.9, or ≥30 kg/m2), physical activity (MET-h/wk, in quartiles), use of nonsteroidal 
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anti-inflammatory drugs (yes/no), hypertension (yes/no), type 2 diabetes (yes/no), hypercholesterolemia (yes/no), total energy intake 

(kcal/d, in quartiles), alcohol intake (0, 1–4.9, 5–9.9, 10–14.9, or ≥15 g/d for women; 0, 1–9.9, 10–19.9, 20–29.9, or ≥30 g/d for 

men), caffeine intake (mg/d, in quartiles), lactose intake (mg/d, in quartiles), and post-menopausal hormone use in women 

(pre-menopausal/never used, current user, or past user). 

HPFS, the Health Professionals Follow-up Study; NHS, the Nurses’ Health Study. 
Results were pooled using random effect models. 
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Table 5. Association (hazard ratio with 95% confidence interval) between pre- and post-diagnosis cumulative average 

flavonoids intake and mortality due to Parkinson disease.  

 Energy-adjusted intake  

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-trend 

Total flavonoids      

Pre-diagnosis      

HPFS      

  Case n 69 82 83 67  

  Model 1 (ref) 0.66 (0.46, 0.97) 0.55 (0.38, 0.79) 0.50 (0.34, 0.75) 0.003 

NHS      

  Case n 49 62 49 52  

  Model 1 0.98 (0.65, 1.48) 0.78 (0.51, 1.21) 0.94 (0.61, 1.45) 0.80 

Pooled 1 0.80 (0.55, 1.17) 0.64 (0.45, 0.91) 0.69 (0.37, 1.27) 0.27 

Post-diagnosis      

HPFS      

  Case n 59 67 66 56  

  Model 1 (ref) 1.07 (0.70, 1.63) 0.91 (0.59, 1.41) 0.85 (0.54, 1.32) 0.33 

NHS      

  Case n 45 51 45 35  

  Model 1 1.01 (0.64, 1.61) 1.02 (0.63, 1.64) 0.85 (0.50, 1.46) 0.51 

Pooled 1 1.05 (0.77, 1.43) 0.96 (0.70, 1.32) 0.85 (0.60, 1.20) 0.25 

Anthocyanins      

Pre-diagnosis      

HPFS 1 (ref) 0.90 (0.62, 1.31) 0.70 (0.48, 1.02) 0.59 (0.40, 0.86) 0.004 
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NHS 1 0.74 (0.48, 1.15) 0.82 (0.53, 1.26) 0.68 (0.43, 1.07) 0.19 

Pooled 1 0.83 (0.63, 1.10) 0.75 (0.56, 0.99) 0.63 (0.47, 0.84) 0.002 

Post-diagnosis      

HPFS 1 (ref) 0.93 (0.62, 1.41) 1.00 (0.65, 1.54) 0.51 (0.31, 0.84) 0.003 

NHS 1 0.92 (0.58, 1.45) 0.87 (0.54, 1.40) 0.55 (0.32, 0.95) 0.02 

Pooled 1 0.92 (0.68, 1.26) 0.94 (0.68, 1.29) 0.53 (0.37, 0.76) <0.001 

Flavan-3-ols      

Pre-diagnosis      

HPFS 1 (ref) 0.68 (0.47, 0.99) 0.61 (0.42, 0.87) 0.55 (0.37, 0.80) 0.009 

NHS 1 0.67 (0.44, 1.02) 0.84 (0.55, 1.27) 0.84 (0.55, 1.29) 0.95 

Pooled 1 0.67 (0.51, 0.89) 0.70 (0.51, 0.96) 0.67 (0.44, 1.03) 0.37 

Post-diagnosis      

HPFS 1 (ref) 0.95 (0.63, 1.42) 0.75 (0.48, 1.17) 0.72 (0.46, 1.13) 0.14 

NHS 1 0.82 (0.51, 1.32) 1.05 (0.66, 1.65) 0.80 (0.47, 1.37) 0.56 

Pooled 1 0.89 (0.66, 1.21) 0.88 (0.64, 1.22) 0.75 (0.53, 1.07) 0.15 

Models were adjusted for age (year), smoking status (never smoker, <10 pack-years, 10–24 pack-years, 25–44 pack-years, or ≥45 

pack-years), body mass index (<21, 21-24.9, 25-29.9, or ≥30 kg/m2), physical activity (MET-h/wk, in quartiles), use of nonsteroidal 

anti-inflammatory drugs (yes/no), ), hypertension (yes/no), type 2 diabetes (yes/no), hypercholesterolemia (yes/no), total energy 

intake (kcal/d, in quartiles), alcohol intake (0, 1–4.9, 5–9.9, 10–14.9, or ≥15 g/d for women; 0, 1–9.9, 10–19.9, 20–29.9, or ≥30 g/d 

for men), caffeine intake (mg/d, in quartiles), lactose intake (mg/d, in quartiles), and post-menopausal hormone use in women 

(pre-menopausal/never used, current user, or past user). 

HPFS, the Health Professionals Follow-up Study; NHS, the Nurses’ Health Study. 

Results were pooled using random effect models. 

 


