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Abstract 1 

Background: Flavonoids are a diverse group of plant constituents with demonstrated 2 

neuroprotective and anti-tumor effects. Flavonoid intake may decrease glioma risk, an 3 

association that has not yet been investigated in humans.  4 

Objective: We evaluated the association between dietary flavonoid consumption and glioma 5 

risk. 6 

Design: We followed participants in the female Nurses’ Health Study (1984-2014, n=81,688) 7 

and Nurses’ Health Study II (1991-2017, n=95,228), and the male Health Professionals Follow-8 

up Study (1986-2014, n=49,885). We used multivariable-adjusted Cox proportional hazards 9 

regression to evaluate the association between average long-term (up to 30 years) or recent (up to 10 

12 years) dietary flavonoid intake (total flavonoids, and each of six subclasses) and risk of 11 

incident glioma. Flavonoid intake was derived from validated quadrennial food frequency 12 

questionnaires. Incident glioma was self-reported and confirmed by medical record review, or 13 

determined by medical record review after death. 14 

Results: We documented 536 incident cases of glioma across 5,936,386 person-years of follow-15 

up. Long-term total flavonoid, flavan-3-ol, and polymeric flavonoid (polymer) intake was 16 

associated with decreased glioma risk in pooled analyses comparing highest to lowest quintile of 17 

consumption (HR (95% CI) was 0.79 (0.59, 1.05), P-trend = 0.04 for total flavonoids; 0.76 (0.57, 18 

1.01), P-trend = 0.04 for flavan-3-ols; and 0.82 (0.61, 1.09), P-trend = 0.05 for polymers). 19 

Associations with recent intake were weaker. There were no associations with other flavonoid 20 

subclasses. After additional adjustment for tea consumption, there were no associations between 21 

flavan-3-ol or polymer consumption and glioma. 22 
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Conclusions: Increased dietary intake of flavan-3-ol and polymeric flavonoids, especially those 23 

predominant in tea, was associated with decreased glioma risk in a prospective cohort of men 24 

and women. 25 

Key Words: glioma, flavonoids, epidemiology, tea, flavan-3-ols 26 

 27 

Introduction 28 

 Dietary risk factors for glioma are not well-established. Recent studies showed that tea 29 

intake may be associated with decreased glioma risk (1–3), although the mechanism is unknown. 30 

Hypotheses regarding the mechanisms linking tea intake to glioma risk include anti-tumor effects 31 

of caffeine as well as bioactive constituents including flavonoids. The association between 32 

dietary caffeine intake and glioma risk are mixed: our own research showed that tea but not 33 

caffeinated coffee intake was associated with decreased glioma risk (2). These findings prompted 34 

us to investigate whether dietary flavonoids, which are abundant in tea and other plant foods, but 35 

not coffee, are associated with glioma risk. 36 

 Flavonoids are a diverse group of constituents found in plant foods and may be protective 37 

against glioma incidence. To our knowledge, no studies have investigated dietary flavonoid 38 

intake and glioma risk in humans. Studies on vegetable and fruit intake and glioma risk have 39 

shown a decreased risk, although the results are mixed and as with tea, the responsible 40 

compounds are unknown (4).  41 

 Experiments using human glioma cell lines in vitro show a promising anti-tumor role for 42 

flavonoids (5). Numerous flavonoid metabolites are known to cross the blood-brain barrier 43 

although with varying efficacies (6), a phenomenon that is supported by an abundance of 44 

research, including both prospective studies and randomized controlled trials establishing an 45 
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association between dietary flavonoid intake and improved cognitive function (7–10). 46 

Specifically, flavan-3-ols and flavonols are two subclasses of flavonoids that have shown 47 

promising anti-glioma effects in vitro. Therefore, specific dietary flavonoids are a promising and 48 

unexplored nutrient potentially related to glioma incidence. 49 

In the present study, we evaluated both recent and long-term habitual flavonoid and 50 

flavonoid subclass intakes in association with glioma risk in three large prospective cohort 51 

studies, the Nurses’ Health Study (NHS), Nurses’ Health Study II (NHSII), and the Health 52 

Professionals Follow-up Study (HPFS). Because flavonoid intake and glioma risk has not been 53 

studied previously, we included all flavonoid subclasses in this analysis. 54 

 55 

Methods 56 

 57 

Study population 58 

Detailed information about the NHS, NHSII, and HPFS cohorts has been previously 59 

published (11,12). In brief, the NHS enrolled 121,700 registered female nurses, aged 30-55, in 60 

1976; the NHSII enrolled 116,429 registered female nurses, aged 25-42, in 1989; and the HPFS 61 

enrolled 51,529 male health professionals, aged 40-75, in 1986. Participants provided updated 62 

lifestyle habits and new medical diagnoses via a mailed, biennial questionnaire. Participants 63 

provided updated dietary information via a mailed, quadrennial food frequency questionnaire 64 

(FFQ). In the present study, we used the year of the first FFQ with adequate assessment of 65 

flavonoid-rich foods as baseline: 1984 (NHS), 1991 (NHSII), and 1986 (HPFS). We excluded 66 

participants who died before baseline, participants who were diagnosed with glioma before 67 

baseline, and participants with missing or incomplete dietary data for the baseline FFQ 68 
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(Supplementary Figure 1). After these exclusions, 226,801 (NHS, n= 81,688; NHSII, 69 

n=95,228; HPFS, n=49,885) participants were included in the analysis. 70 

 71 

Assessment of flavonoid intake 72 

Dietary intake data were assessed using a validated FFQ with 130 (NHS) or 131 (NHSII, 73 

HPFS) food and beverage items. Participants in the NHS cohort completed a 130 item FFQ in 74 

1984, and similar FFQs in 1986 and every four years thereafter. Participants in the NHSII 75 

completed the FFQ in 1991, HPFS in 1986, and in both cohorts every four years thereafter. In 76 

each FFQ, participants reported how often they consumed a serving of various food items, with 77 

nine possible responses ranging from “never or less than once per month” to “6 or more times 78 

per day.” The validity of the FFQ was evaluated previously in a subsample of participants from 79 

NHS and HPFS; these studies indicate that the food frequency questionnaire provides reasonably 80 

valid measurements of nutrient intake (13–16). Intake of individual flavonoid compounds was 81 

calculated as the sum of the consumption frequency of each food multiplied by the content of the 82 

specific flavonoid per portion size. Details on how flavonoid content of specific foods was 83 

acquired has been described previously in detail (17). Flavonoid intake was derived from food 84 

and beverage sources only and was energy-adjusted using the residual method (18).  85 

In the present study, we included total flavonoids and six major subclasses of flavonoids: 86 

flavan-3-ol monomers (catechins and epicatechins), polymeric flavonoids (polymers, including 87 

proanthocyanidins, theaflavins, and thearubigins), flavonols (quercetin, kaempferol, myricetin, 88 

isorhamnetin), anthocyanidins (cyanidin, delphinidin, malvidin, pelargonidin, petunidin, 89 

peonidin), flavanones (eriodictyol, hesperetin, naringenin), and flavones (apigenin, luteolin).  90 
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Participants with missing dietary data at baseline were excluded from the analysis. For 91 

missing dietary data on a follow-up questionnaire, data from the most recent prior FFQ was 92 

carried forward for up to two cycles (8 years) and was otherwise set to missing. 93 

 94 

Assessment of covariates 95 

All models were adjusted for the following covariates: age, total caloric intake (quintile), 96 

body mass index (BMI, <25 kg/m2, 25-29.9 kg/m2, or ≥30 kg/m2), smoking status (never, past, or 97 

current), and hyperlipidemia (ever diagnosed vs. never diagnosed). Participants provided updated 98 

data on weight, smoking status, and hyperlipidemia with each biennial questionnaire; BMI was 99 

calculated from height reported at baseline. Missing covariate values were modeled as a missing 100 

indicator for categorical variables. Median income was derived from census tract level median 101 

income for the 2000 census and was available for NHS and NHSII only. Median income was 102 

added to the NHS and NHSII multivariable models in a secondary analysis. 103 

Two separate models included the above covariates with the addition of 1) average long-104 

term tea consumption and 2) average long-term caffeine consumption. Tea consumption was 105 

derived from quadrennial FFQs, without reference to type of tea or brewing method. Herbal or 106 

decaffeinated tea were distinguished from caffeinated tea starting with the 1998 questionnaire for 107 

NHS, the 1995 questionnaire for NHS2, and the 1998 questionnaire for HPFS. For this analysis 108 

we included all types of tea (caffeinated and herbal or decaffeinated). We could not distinguish 109 

between black versus green tea. Total caffeine was calculated by summing the amount of 110 

caffeine in coffee, tea, soda, decaffeinated coffee, chocolate, and candies as reported on 111 

quadrennial FFQs. For use as a covariate in multivariable regression models, both tea and 112 

caffeine were included as continuous variables. 113 
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Race was self-reported by study participants. We analyzed the distribution of self-114 

reported racial categories (White or other/unknown) among cases and controls, but did not 115 

include race as a covariate in the adjusted models due to the limited diversity of the study 116 

population (>90% White). 117 

 118 

Assessment of glioma cases 119 

The primary outcome variable for the present study was incident glioma, and secondary 120 

outcome variable was glioblastoma (GBM), an aggressive and common subtype of glioma. 121 

Primary brain malignancy cases were determined by self-report in biennial questionnaires and 122 

confirmed by medical record review or determined by medical record review after death. Deaths 123 

were documented through the National Death Index, next-of-kin, and postal authorities. Deaths 124 

due to primary brain malignancy were confirmed with medical records. We included only cases 125 

with confirmed ICD-9-CM diagnoses of 191.x (malignant neoplasm of the brain), which we 126 

further limited to glioma only. Data on tumor subtype (any glioma vs. GBM) were extracted 127 

from medical records.  128 

 129 

Ethics 130 

The study protocol was approved by the institutional review boards of the Brigham and 131 

Women’s Hospital and Harvard T.H. Chan School of Public Health, and those of participating 132 

registries as required. 133 

 134 

Statistical analysis 135 
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We used multivariable-adjusted Cox proportional hazards regression to evaluate the 136 

association between recent or long-term dietary flavonoid intake (total flavonoids, and each of 137 

six subclasses) and risk of incident glioma. Recent flavonoid intake was calculated as the 138 

average of reported intake on the most recent three questionnaires, or 12 years preceding 139 

diagnosis or end of follow-up (e.g., recent intake for 1994 was calculated as the average of 140 

reported intake from 1986, 1990, and 1994). Long-term flavonoid intake was calculated as the 141 

average of reported intake on all questionnaires preceding diagnosis or end of follow-up (up to 142 

26 years). For the first three questionnaires (first 12 years of follow-up), both cumulative long-143 

term and recent flavonoid intake were calculated as the average of the first one, two, or three 144 

questionnaires. The duration of the preclinical period of glioma is unknown, so we included both 145 

recent and long-term intake in the main analyses.  146 

Follow-up began at the first questionnaire return date, and ended with glioma diagnosis, 147 

death, or end of follow-up (June 30, 2014 for NHS, June 30, 2017 for NHSII; December 31, 148 

2014 for HPFS). The analyses were conducted separately for each cohort and combined by meta-149 

analysis using the fixed-effect model, with p-heterogeneity calculated for each model. We used 150 

quintile medians in Cox proportional hazards regression to estimate linear trend p-values. 151 

In addition to recent and long-term flavonoid intake, we also performed lagged models in 152 

a secondary analysis, which excluded flavonoid intake in the 8 years preceding diagnosis or end 153 

of follow-up, to mitigate the possible effects of behavior changes in the years preceding glioma 154 

diagnosis. Another secondary analysis model was limited to GBM, an aggressive and common 155 

subtype of glioma. 156 

Based on our finding that tea was the primary dietary contributor to the two flavonoid 157 

subclasses associated with decreased risk of glioma, we repeated the main analysis evaluating the 158 
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association between long-term flavan-3-ol or polymer intake with mutual adjustment for long-159 

term tea consumption. Tea consumption was highly correlated with flavan-3-ol and polymer 160 

consumption (Pearson correlation coefficient, R=0.93, flavan-3ol; R=0.90, polymer). Thus, this 161 

was an attempt to distinguish whether tea consumption itself, or specific flavonoids, was driving 162 

the observed associations with decreased glioma risk in the main analyses.  163 

In another secondary analysis, we divided these two subclasses (flavan-3-ols and 164 

polymers) into flavonoids that are predominant in tea vs. non-tea sources, in an attempt to 165 

distinguish whether tea consumption or consumption of the flavonoid subclass itself was driving 166 

the association with glioma. Among polymers, we classified theaflavins and thearubigins (which 167 

are found almost exclusively in tea) as tea polymers, and proanthocynidin polymers (which are 168 

found in both tea and non-tea sources, but are more substantial in non-tea sources) as non-tea 169 

polymers. There was significant overlap between tea and non-tea sources of flavan-3-ols; we 170 

classified epicatechin 3-gallate, epigallocatechin, and epigallocatechin 3-gallate (which are found 171 

in substantial amounts exclusively in tea) as tea flavan-3-ols, and epicatechin, catechin, and 172 

gallocatechin (which are found in both tea and non-tea sources, but are more substantial in non-173 

tea sources) as non-tea flavan-3-ols. Because the range of intake of these tea and non-tea sources 174 

of flavonoid differed, we analyzed these subgroups using the linear trend analysis described 175 

above, per 100 mg/day increase in flavan-3-ol or 400 mg/day increase in polymer intake, based 176 

on the range of flavonoid intake from the first to fifth quintile. 177 

Finally, in a third model we repeated the main analysis evaluating the association 178 

between long-term flavan-3-ol or polymer intake with mutual adjustment for long-term caffeine 179 

consumption, since caffeine is a constituent of tea that may be associated with decreased glioma 180 
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risk. Caffeine consumption was weakly correlated with flavan-3-ol and polymer consumption 181 

(Pearson correlation coefficient, R=0.12, flavan-3-ol; R=0.09, polymer). 182 

All statistical analyses were performed using the SAS 9.3 statistical package (SAS 183 

Institute, Cary, NC), and all p-values were derived from two-sided tests.  184 

 185 

Results 186 

We documented 536 glioma cases (232 NHS, 93 NHSII, 211 HPFS) and 361 GBM cases 187 

during 5,936,386 person-years of follow-up. Participants with incident glioma tended to be older 188 

and consume fewer total flavonoids, flavan-3-ols, and polymers at baseline (Table 1). Tea, 189 

apples, bananas, blueberries, beer, and red wine were top contributors to dietary flavan-3-ol 190 

consumption; tea, apples, strawberries, and red wine were top contributors to dietary polymer 191 

consumption (Figure 1).  192 

Multivariable-adjusted associations between long-term and recent flavonoid intake and 193 

incidence of glioma are shown in Table 2. Average long-term total flavonoid consumption was 194 

associated with decreased risk of glioma in the pooled analysis (hazard ratio (HR) for highest 195 

compared to lowest quintile=0.79, 95% CI: 0.59-1.05, P-trend=0.04). Average long-term flavan-196 

3-ol intake was associated with decreased risk of glioma in the pooled analysis (HR=0.76, 95% 197 

CI: 0.57, 1.01, P-trend=0.04). Average long-term flavan-3-ol intake was associated with 198 

decreased risk of glioma in women (HR=0.68, 95% CI: 0.47, 0.97, P-trend= 0.07), but not in 199 

men (HR=0.92, 95% CI: 0.58, 1.45, P-trend= 0.31). Average long-term polymer intake was 200 

associated with suggestive decreased risk of glioma in the pooled analysis (HR=0.82, 95% CI: 201 

0.61, 1.09 P-trend=0.05) and in women, but not men. There were no associations between other 202 

flavonoid subclasses and glioma risk (Table 2). 203 
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Additional adjustment for caffeine did not materially change the associations between 204 

flavan-3-ol or polymer intake and glioma risk (Table 3). Neither cumulative long-term flavan-3-205 

ol nor cumulative long-term polymer intake were significantly associated with glioma risk after 206 

additional adjustment for tea (Table 3), suggesting that the association was driven by 207 

components of tea. The addition of median income as a covariate in these models did not 208 

materially change the results. The association between flavan-3-ol intake and glioma risk was 209 

more pronounced in NHS compared to NHSII (HR for highest compared to lowest quintile, long-210 

term intake: NHS: HR=0.57, 95% CI: 0.37, 0.88, P-trend=0.01; NHSII: HR=0.96, 95% CI: 0.51, 211 

1.80, P-trend=0.80); P-heterogeneity was >0.05 in all pooled analyses. 212 

The results did not change materially with the lagged model (Supplementary Table 1) 213 

or with GBM as the primary outcome (Supplementary Table 2). There was an attenuation in the 214 

significance of association of flavan-3-ols and polymers with glioma in both secondary analyses, 215 

which was expected, given the smaller number of cases in these groups. In the lagged model, 216 

anthocyanidin intake was associated with increased risk of glioma in the pooled analysis 217 

(HR=1.34, 95% CI: 0.98, 1.84, P-trend=0.02). 218 

Flavan-3-ols classified as tea-dominant were highly correlated with tea consumption 219 

(Pearson correlation coefficient, r=0.90 for long-term tea flavan-3-ol and long-term tea intake), 220 

flavan-3-ols classified as non-tea were also highly correlated with tea consumption, although less 221 

so   (r=0.77). Polymers classified as tea-dominant were highly correlated with tea consumption 222 

(r=0.78), while polymers classified as non-tea dominant were less strongly correlated with tea 223 

consumption (r=0.12). Flavan-3-ol and polymer consumption were also highly correlated 224 

(r=0.98). 225 
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Cumulative long-term tea flavan-3-ol intake was associated with decreased risk of glioma 226 

in the pooled analysis (HR per 100 mg/day increase in intake = 0.74, 95% CI: 0.58, 0.96), and 227 

there was a suggested association between long-term tea flavan-3-ol and decreased glioma risk in 228 

men and women separately (Supplementary Table 3). There was a suggested association 229 

between long-term non-tea flavan-3-ol and decreased glioma risk in the pooled cohorts (HR = 230 

0.46, 95% CI: 0.19, 1.08). Cumulative long-term tea polymer intake was associated with 231 

decreased risk of glioma in the pooled analysis (recent HR per 400 mg/day increase in intake = 232 

0.78, 95% CI: 0.61, 1.00), and in men (HR = 0.64, 95% CI: 0.41, 1.00), with a suggested 233 

association in women (HR = 0.85, 95% CI: 0.64, 1.14). Non-tea polymer intake was not 234 

associated with glioma risk in men, women, or the pooled cohorts (Supplementary Table 3). 235 

 236 

Discussion 237 

In a pooled analysis of three large cohorts of men and women, cumulative long-term 238 

increased dietary flavan-3-ol and polymeric flavonoid intake was associated with decreased risk 239 

of glioma. The strength of association for men and women varied, but the direction of 240 

association was similar among cohorts. Tea was the largest dietary contributor to both flavan-3-241 

ol and polymer subclasses, and tea intake was highly correlated with intake of both subclasses. 242 

After adjustment for tea consumption, neither flavan-3-ol nor polymer intake was associated 243 

with glioma risk. 244 

In the main analysis, cumulative long-term flavan-3-ol and polymer consumption were 245 

each associated with decreased glioma risk in the pooled cohorts. Because the duration of the 246 

preclinical period of glioma is poorly understood, we analyzed three different timings in this 247 

study: cumulative long-term intake (average of all data preceding diagnosis), recent intake 248 
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(average of the most recent 12 years before diagnosis), and a lagged model (long-term, excluding 249 

the most recent 8 years before diagnosis). Our results suggest that long-term habitual flavan-3-ol 250 

and polymer intake is most strongly associated with decreased glioma risk, however, we did not 251 

have sufficient statistical power for a robust analysis of the specific timing of flavonoid 252 

consumption in relation to glioma risk. 253 

We observed no association of other flavonoid subclasses with glioma risk in the long-254 

term or recent flavonoid intake models. In the lagged model only, we observed an increased risk 255 

of glioma with increased anthocyanin intake; this finding may have been due to chance. 256 

Although no prior studies have investigated the association between flavonoids and 257 

glioma risk, several prospective cohort studies, including our own earlier work, have found an 258 

inverse association between tea consumption and glioma risk (2,3,19–21). Given the significant 259 

contribution of tea to dietary flavan-3-ol and polymeric flavonoid intake in our cohorts, and the 260 

prior evidence for an inverse association between tea consumption and glioma, our findings add 261 

to the understanding of how tea consumption might be mechanistically linked to glioma through 262 

the actions of flavan-3-ols, theaflavins, and thearubigins. 263 

We attempted to distinguish whether unique tea flavan-3-ols and polymers or all dietary 264 

flavan-3-ols and polymers were associated with glioma risk, and found that the association 265 

between flavan-3-ols and polymers and glioma risk was attenuated after mutual adjustment for 266 

tea intake. Additionally, we found that tea but not non-tea predominant flavan-3-ols and 267 

polymers were associated with decreased glioma risk, although both sources of flavan-3-ols and 268 

polymers were associated with tea intake. The specific impact of flavan-3-ols and polymers, 269 

independent of tea intake, was difficult to disentangle, given substantial overlap in the flavan-3-270 

ols found in both tea and non-tea dietary sources. Tea provides a much larger contribution of 271 
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flavonoids in the diet than are derived from non-tea dietary sources, adding to the difficulty in 272 

comparing the two sources; thus, these results should be interpreted with caution and warrant 273 

follow-up. Additional adjustment for caffeine did not materially change the association between 274 

flavan-3-ol or polymer intake and glioma risk, suggesting that the observed associations are not 275 

explained by biologic effects of caffeine. 276 

Our observation of decreased glioma risk with increased flavan-3-ol intake is supported 277 

by in vitro and mouse-model studies of the effects of individual flavonoids on glioma cell 278 

proliferation, which have shown that flavan-3-ols have anti-oxidative properties and the potential 279 

to disrupt metabolic pathways unique to glioma cells (22). Most studies on the effects of tea 280 

flavonoids in vitro or in mouse models have focused on epigallocatechin 3-gallate. For example, 281 

Zhang et al. showed that glutamate dehydrogenase was elevated in human glioma cells, that 282 

glutamate dehydrogenase levels are predictive of survival in human glioma patients, and that in 283 

mice treated with epigallocatechin 3-gallate, glutamate dehydrogenase was inhibited, leading to 284 

decreased tumor weight (23). Multiple other in vitro studies provide evidence to suggest that 285 

among the flavan-3-ols, epigallocatechin 3-gallate is the most likely to have significant anti-286 

glioma properties, including increasing sensitivity to anti-cancer drug therapy (22,24–26). 287 

Flavan-3-ol monomers have been shown to cross the blood brain barrier, albeit inefficiently, 288 

further supporting the potential for a role of flavan-3-ols in glioma development in human (24). 289 

Theaflavins are produced from flavonoid monomers (including epicatechin 3-gallate, 290 

epigallocatechin, and epigallocatechin 3-gallate) during the production of black and oolong tea, 291 

and have been shown to have comparable antioxidant effects as catechins (27). Given that 292 

theaflavins and tea monomers have similar properties, it makes sense that a similar association 293 
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with glioma risk in these two groups was observed. In this study, intakes of all tea flavonoids 294 

were highly correlated, making it difficult to distinguish the independent effects of each subclass. 295 

One limitation of this study is that we were unable to distinguish between green, black, or 296 

other types of tea, which have varying levels of flavonoids and would have allowed better 297 

distinction of the flavonoids that are driving the association between subclasses and decreased 298 

glioma risk. We relied solely on reported intake, but validation studies have shown a high 299 

correlation between FFQs and 24-hour dietary recall. Another limitation of this study is lack of 300 

generalizability to non-White populations, as this population was over 90 percent White. 301 

Strengths of our study include the prospective design with over 500 cases in the pooled analyses 302 

and over 5 million person-years of follow-up. The longitudinal assessment of dietary habits 303 

allowed us to capture the effects of long-term flavonoid consumption, which appears to be more 304 

influential on glioma risk, compared to recent intake. 305 

 306 

Conclusions 307 

In this prospective study of men and women, habitual, long-term dietary intake of flavan-308 

3-ol and polymeric flavonoids was associated with decreased risk of glioma. These associations 309 

may be driven predominantly by tea flavan-3-ols (epigallocatechin, epicatechin 3-gallate, and 310 

epigallocatechin 3-gallate) and polymers (theaflavins and thearubigins); additional studies with 311 

more precise data on types of tea consumed, or using metabolomic markers of flavonoid 312 

consumption, are warranted to further describe the association between tea, flavonoids, and 313 

glioma risk. 314 
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Table 1. Age-adjusted demographics of study participants by cohort at baseline: 1984 for NHS, 1991 for NHSII, and 1986 for HPFS1 

 NHS  NHSII HPFS 
 Incident Glioma 

Cases Overall Cohort Incident Glioma 
Cases Overall Cohort Incident Glioma 

Cases Overall Cohort 

Participants, n 232 81,688 93 95,228 211 49,885 
Age, y 53.5 ± 6.7 2 51.0 ± 7.2 37.9 ± 4.7 36.6 ± 4.7 55.7 ± 8.9 57.3 ± 9.8 
BMI, kg/m2 25.2 ± 3.4 25.1 ± 4.8 24.8 ± 2.8 24.6 ± 5.3 25.8 ± 2.6 25.5 ± 3.4 
Race,3 %        
    White 96 94 94 94 91 91 
    Other/Unknown 4 6 6 6 9 9 
Diagnosis of hyperlipidemia, % 5 4 7 10 10 13 
Smoking status, %       
    Never smoker 45 44 63 65 46 44 
    Former smoker 34 32 27 22 41 42 
    Current smoker 21 24 8 12 7 10 
    Unknown 0 0 2 0 6 4 
Median family income,3 USD 62,413 ± 14,910 64,628 ± 25,809 61,926 ± 14,114 61,319 ± 22,568   
Total flavonoids,4 mg/day 306 ± 229 346 ± 332 368 ± 208 379 ± 374 313 ± 187 324 ± 280 
Flavan-3-ols, mg/day  45.0 ± 50.8 55.2 ± 73.9 57.1 ± 45.7 60.8 ± 82.5 44.6 ± 41.0 45.5 ± 60.2 
Polymers, mg/day 187 ± 174 223 ± 248 248 ± 154 257 ± 278 192 ± 140 199 ± 208 
Flavonols, mg/day 12.8 ± 6.7 14.1 ± 10.3 19.7 ± 7.5 18.5 ± 13.3 14.0 ± 6.0 14.1 ± 9.0 
Anthocyanidins, mg/day 11.2 ± 10.7 10.1 ± 12.5 12.9 ± 8.9 10.9 ± 14.2 11.8 ± 8.5 12.0 ± 14.9 
Flavanones, mg/day 49.2 ± 33.3 43.1 ± 35.9 31.1 ± 17.6 33.0 ± 33.5 50.0 ± 24.1 52.1 ± 45.2 
Flavones, mg/day 2.1 ± 1.1 1.9 ± 1.5 1.5 ± 0.6 1.5 ± 1.1 2.6 ± 1.3 2.5 ± 1.7 
Total calories, kcal 1,715 ± 362 1,742 ± 531 1,833 ± 330 1,789 ± 548 1,952 ± 414 1,986 ± 620 
Caffeine intake, mg/day 298 ± 172 315 ± 233 237 ± 142 244 ± 224 249 ± 175 239 ± 250 
Tea intake, cups/day5 0.5 ± 0.6 0.7 ± 1.1 0.6 ± 0.7 0.7 ± 1.1 0.4 ± 0.5 0.4 ± 0.8 
Coffee intake, cups/day 1.7 ± 1.3 1.7 ± 1.7 1.3 ± 1.0 1.2 ± 1.5 1.4 ± 1.1 1.3 ± 1.6 

 

1 All values, except age, are age-adjusted to the distribution of the cohort. BMI=body mass index, HPFS=Health Professionals Follow Up Study, NHS=Nurses’ Health Study, 
NHSII=Nurses’ Health Study II, SD=standard deviation, USD=United States dollar. 
2 Data are given as mean ± SD unless otherwise specified. 
3 Race was self-reported by study participants. 
3 Median income was derived from Census tract level median income for the 2000 Census, and was only available for NHS and NHSII cohorts. 
4 Values for total flavonoids and all subclasses were energy-adjusted using the residual method. 
5 One cup of tea or coffee = 8 fluid ounces 
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Table 2. Multivariable-adjusted risk of glioma in women (NHS, NHSII), men (HPFS), and pooled cohorts (NHS, NHSII, HPFS) by total flavonoid 
and flavonoid subclass intake, using Cox proportional hazard modeling.1 

 

 Dietary flavonoid intake  

 Q1 Q2 Q3 Q4 Q5 
P-

trend2 

Total flavonoids       
    Women (325 cases)       
        Recent3 intake       
            HR (95% CI) Reference 1.26 (0.89, 1.79) 1.09 (0.76, 1.57) 1.03 (0.71, 1.48) 1.02 (0.71, 1.48) 0.65 
            Cases, n 55 77 68 65 60  
            Median (range), mg/day 121.4 (0.5–160.4) 194.3 (160.5–228.5) 266.3 (228.6–313.2) 376.2 (313.3–475.3) 690.4 (475.4–4,108)  
        Long-term4 intake        
            HR (95% CI) Reference 1.04 (0.73, 1.48) 1.12 (0.80, 1.58) 0.84 (0.58, 1.21) 0.84 (0.58, 1.22) 0.16 
            Cases, n 61 70 79 59 56  

         Median (range), mg/day 123.4 (0.6–162.8) 196.3 (162.9–230.6) 268.6 (230.7–315.3) 377.7 (315.4–476.6) 683.3 (476.7–4,108)  
       
    Men (211 cases)       
        Recent intake       
            HR (95% CI) Reference 0.97 (0.63, 1.49) 1.02 (0.67, 1.57) 0.85 (0.54, 1.32) 0.80 (0.51, 1.25) 0.23 
            Cases, n 42 44 48 40 37  
            Median (range), mg/day 131.3 (4.1–172.8) 208.8 (172.9–243.7) 281.8 (243.8–325.1) 381.7 (325.2–464.8) 629.5 (464.9–4,117)  
        Long-term intake       
            HR (95% CI) Reference 0.89 (0.58, 1.36) 1.10 (0.72, 1.67) 0.86 (0.56, 1.34) 0.70 (0.44, 1.11) 0.10 
            Cases, n 43 42 51 42 33  

       Median (range), mg/day 131.5 (4.1–172.0) 206.7 (172.1–240.5) 277.9 (240.6–318.7) 372.7 (318.8–453.5) 615.2 (453.6–3,517)  
       
    Pooled5 (536 cases)       
        Recent intake       
            HR (95% CI) Reference 1.13 (0.86, 1.49) 1.06 (0.80, 1.40) 0.95 (0.72, 1.26) 0.93 (0.69, 1.23) 0.30 
            Cases, n 97 121 116 105 97  
            Median (range), mg/day 125.3 (1.9–165.3) 200.0 (165.4–234.5) 272.4 (234.6–317.9) 378.3 (318.0–471.2) 666.4 (471.3–4,112)  
        Long-term intake       
            HR (95% CI) Reference 0.98 (0.74, 1.28) 1.11 (0.85, 1.45) 0.85 (0.64, 1.12) 0.79 (0.59, 1.05) 0.04 
            Cases, n 104 112 130 101 89  
            Median (range), mg/day 126.6 (2.0–166.4) 200.4 (166.5–234.5) 271.9 (234.6–316.6) 375.7 (316.7–467.5) 656.5 (467.6–3,875)  
       
Flavan-3-ols       
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 Dietary flavonoid intake  

 Q1 Q2 Q3 Q4 Q5 
P-

trend2 

    Women (325 cases)       
        Recent intake       
            HR (95% CI) Reference 0.92 (0.66, 1.28) 0.83 (0.59, 1.16) 0.82 (0.58, 1.15) 0.79 (0.55, 1.12) 0.32 
            Cases, n 71 70 64 63 57  
            Median (range), mg/day 9.5 (0–13.3) 17.0 (13.4–21.5) 27.7 (21.6–36.8) 50.6 (36.9–73.5) 124.4 (73.6–951.3)  
        Long-term intake       
            HR (95% CI) Reference 0.85 (0.61, 1.18) 0.82 (0.58, 1.14) 0.74 (0.53, 1.05) 0.68 (0.47, 0.97) 0.07 
            Cases, n 74 69 68 61 53  
            Median (range), mg/day 9.9 (0-14.0) 18.2 (14.1–23.3) 30.2 (23.4–40.0) 54.5 (40.1–77.1) 125.2 (77.2–946.6)  
       
    Men (211 cases)       
        Recent intake       
            HR (95% CI) Reference 1.08 (0.70, 1.67) 1.22 (0.80, 1.87) 0.95 (0.61, 1.49) 0.90 (0.57, 1.41) 0.33 
            Cases, n 40 44 51 39 37  
            Median (range), mg/day 10.7 (0.1–14.9) 18.8 (15.0–23.1) 28.3 (23.2–35.3) 45.5 (35.4–62.7) 99.3 (62.8–951.3)  
        Long-term intake       
            HR (95% CI) Reference 1.16 (0.76, 1.79) 1.28 (0.83, 1.96) 0.97 (0.61, 1.53) 0.92 (0.58, 1.45) 0.31 
            Cases, n 39 47 50 38 37  
            Median (range), mg/day 10.9 (0.1–15.2) 19.1 (15.3–23.5) 28.8 (23.6–36.0) 46.5 (36.1–64.1) 100.5 (64.2–819.7)  
       
    Pooled (536 cases)       
        Recent intake       
            HR (95% CI) Reference 0.97 (0.75, 1.27) 0.97 (0.74, 1.26) 0.86 (0.66, 1.14) 0.83 (0.63, 1.09) 0.18 
            Cases, n 111 114 115 102 94  
            Median (range), mg/day 10.0 (0–13.9) 17.7 (14.0–22.1) 28.0 (22.2–36.2) 48.6 (36.3–69.2) 114.5 (69.3–951.3)  
        Long-term intake       
            HR (95% CI) Reference 0.95 (0.73, 1.24) 0.97 (0.74, 1.26) 0.82 (0.62, 1.07) 0.76 (0.57, 1.01) 0.04 
            Cases, n 113 116 118 99 90  
            Median (range), mg/day 10.3 (0.1–14.5) 18.5 (14.6–23.4) 29.7 (23.5–38.4) 51.3 (38.5–72.0) 115.5 (72.1–896.6)  
       
Polymers       
    Women (325 cases)       
        Recent intake       
            HR (95% CI) Reference 0.80 (0.56, 1.14) 1.05 (0.75, 1.46) 0.81 (0.57, 1.15) 0.85 (0.60, 1.21) 0.54 
            Cases, n 67 59 79 60 60  
            Median (range), mg/day 62.5 (0–86.9) 109.6 (87.0–133.0) 160.0 (133.1–192.7) 238.3 (192.8–312.1) 474.7 (312.2–3,189)  
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 Dietary flavonoid intake  

 Q1 Q2 Q3 Q4 Q5 
P-

trend2 

        Long-term intake       
            HR (95% CI) Reference 0.88 (0.63, 1.24) 1.01 (0.72, 1.41) 0.76 (0.53, 1.09) 0.74 (0.51, 1.06) 0.08 
            Cases, n 68 67 77 59 54  
            Median (range), mg/day 64.3 (0–88.8) 111.3 (88.9–134.7) 161.9 (134.8–195.3) 241.7 (195.4–315.5) 471.0 (315.6–3,189)  
       
    Men (211 cases)       
        Recent intake       
            HR (95% CI) Reference 1.20 (0.78, 1.82) 0.92 (0.58, 1.44) 1.02 (0.65, 1.58) 0.86 (0.54, 1.35) 0.30 
            Cases, n 40 50 39 45 37  
            Median (range), mg/day 62.2 (0–88.0) 111.1 (88.1–135.0) 160.9 (135.1–192.0) 231.7 (192.1–292.0) 415.8 (292.1–3,245)  
        Long-term intake       
            HR (95% CI) Reference 1.35 (0.88, 2.07) 1.09 (0.69, 1.73) 1.05 (0.66, 1.66) 0.96 (0.61, 1.53) 0.37 
            Cases, n 36 54 41 42 38  
            Median (range), mg/day 62.8 (0–87.6) 110.1 (87.7–133.1) 157.9 (133.2–187.3) 226.3 (187.4–286.2) 408.8 (286.3–2,752)  
       
    Pooled (536 cases)       
        Recent intake       
            HR (95% CI) Reference 0.94 (0.72, 1.24) 1.00 (0.77, 1.31) 0.88 (0.67, 1.16) 0.85 (0.65, 1.13) 0.27 
            Cases, n 107 109 118 105 97  
            Median (range), mg/day 62.4 (0–87.4) 110.2 (87.5–133.8) 160.4 (133.9–192.5) 235.7 (192.6–304.2) 451.5 (304.3–3,211)  
        Long-term intake       
            HR (95% CI) Reference 1.04 (0.80, 1.36) 1.04 (0.79, 1.36) 0.86 (0.65, 1.14) 0.82 (0.61, 1.09) 0.05 
            Cases, n 104 121 118 101 92  
            Median (range), mg/day 63.7 (0–88.3) 110.8 (88.4–134.1) 160.3 (134.2–192.1) 235.6 (191.2–304.0) 446.5 (304.1–3,017)  
       

Flavan-3-ols and 
proanthocyanidins 

      

    Women (325 cases)       
        Recent intake       
            HR (95% CI) Reference  0.80 (0.56, 1.14) 0.96 (0.68, 1.34) 0.84 (0.59, 1.19)  0.86 (0.60, 1.23) 0.62 
            Cases, n 67 58 74 63 63  
            Median (range), mg/day 62.3 (0.1–83.1) 101.0 (83.2–118.3) 136.5 (118.4–157.1) 182.3 (157.2–217.3) 277.0 (217.4–1,448)  
        Long-term intake       
            HR (95% CI) Reference 0.95 (0.67, 1.35) 0.97 (0.69, 1.37) 0.80 (0.56, 1.15) 0.92 (0.64, 1.30) 0.55 
            Cases, n 64 66 71 59 65  
            Median (range), mg/day 63.6 (0.2–83.9) 100.9 (84.0–116.9) 134.0 (117.0–152.3) 174.7 (152.4–206.2) 260.3 (206.3–1,358)  
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 Dietary flavonoid intake  

 Q1 Q2 Q3 Q4 Q5 
P-

trend2 

       
    Men (211 cases)       
        Recent intake       
            HR (95% CI) Reference 0.95 (0.61, 1.47) 0.98 (0.63, 1.51) 0.98 (0.63, 1.51) 0.90 (0.58, 1.42) 0.70 
            Cases, n 41 41 43 45 41  
            Median (range), mg/day 67.6 (0.2–91.0) 110.9 (91.1–130.1) 150.1 (130.2–172.6) 199.6 (172.7–236.5) 299.2 (236.6–1,464)  
        Long-term intake       
            HR (95% CI) Reference 1.00 (0.65, 1.54) 0.97 (0.62, 1.50) 1.09 (0.71, 1.67) 0.77 (0.48, 1.22) 0.29 
            Cases, n 41 44 42 49 35  
            Median (range), mg/day 67.9 (0.2–90.5) 109 (90.6–127.1) 145 (127.2–165.6) 190 (165.7–222.5) 278 (222.6–1,315)  
       
    Pooled (536 cases)       
        Recent intake       
            HR (95% CI) Reference  0.86 (0.65, 1.13) 0.96 (0.74, 1.26) 0.89 (0.68, 1.17) 0.88 (0.66, 1.16) 0.53 
            Cases, n 108 99 117 108 104  
            Median (range), mg/day 64.4 (0.1–86.2) 104.9 (86.3–123.0) 141.8 (123.1–163.2) 189.1 (163.3–224.8) 285.7 (224.0–1,454)  
        Long-term intake       
            HR (95% CI) Reference 0.97 (0.74, 1.27)  0.97 (0.74, 1.27) 0.91 (0.69, 1.20) 0.86 (0.65, 1.14) 0.26 
            Cases, n 105 110 113 108 100  
            Median (range), mg/day 65.3 (0.2–86.5) 104.1 (86.6–120.9) 138.3 (121.0–157.6) 180.7 (157.7–212.6) 267.3 (212.7–1,341)  
       
Flavonols       
    Women (325 cases)       
        Recent intake       
            HR (95% CI) Reference 1.31 (0.91, 1.89) 1.16 (0.79, 1.69) 1.23 (0.85, 1.79) 1.24 (0.85, 1.81)  0.49 
            Cases, n 49 72 65 71 68  
            Median (range), mg/day 7.6 (0.1–9.6) 11.4 (9.7–13.1) 15.1 (13.2–17.3) 20.1 (17.4–24.2) 31.0 (24.3–205.3)  
        Long-term intake       
            HR (95% CI) Reference 1.02 (0.71, 1.48) 1.11 (0.77, 1.59) 1.13 (0.79, 1.61) 1.01 (0.70, 1.46) 0.86 
            Cases, n 55 62 72 73 63  
            Median (range), mg/day 7.5 (0.1–9.5) 11.2 (9.6–12.9) 14.6 (13.0–16.6) 19.1 (16.7–22.7) 28.9 (22.8–156.9)  
       
    Men (211 cases)       
        Recent intake       
            HR (95% CI) Reference 0.88 (0.56, 1.37) 1.01 (0.65, 1.56) 1.13 (0.74, 1.74) 0.76 (0.47, 1.22) 0.41 
            Cases, n 40 38 44 54 35  
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 Dietary flavonoid intake  

 Q1 Q2 Q3 Q4 Q5 
P-

trend2 

            Median (range), mg/day 8.1 (0.5–10.3) 12.2 (10.4–14.2) 16.1 (14.3–18.4) 21.2 (18.5–25.0) 31.6 (25.1–173.0)  
        Long-term intake       
            HR (95% CI) Reference 0.92 (0.58, 1.44) 1.22 (0.80, 1.87) 1.07 (0.69, 1.65) 0.72 (0.44, 1.16) 0.19 
            Cases, n 39 39 52 49 32  
            Median (range), mg/day 8.0 (0.5–10.2) 12.0 (10.3–13.7) 15.5 (13.8–17.5) 20.0 (17.6–23.3) 29.1 (23.4–134.5)  
       
    Pooled (536 cases)       
        Recent intake       
            HR (95% CI) Reference 1.12 (0.84, 1.48)  1.09 (0.82, 1.45) 1.19 (0.90, 1.57)  1.03 (0.76, 1.38) 0.96 
            Cases, n 89 110 109 125 103  
            Median (range), mg/day 7.8 (0.2–9.9) 11.7 (10.0–13.6) 15.5 (13.7–17.7) 20.5 (17.8–24.5) 31.2 (24.6–192.6)  
        Long-term intake       
            HR (95% CI) Reference 0.98 (0.74, 1.30) 1.15 (0.88, 1.52) 1.10 (0.83, 1.46) 0.89 (0.66, 1.19) 0.51 
            Cases, n 94 101 124 122 95  
            Median (range), mg/day 7.7 (0.2–9.8) 11.5 (9.9–13.2) 15.0 (13.3–17.0) 19.5 (17.1–23.0) 29.0 (23.1–148.0)  
       
Anthocyanidins       
    Women (325 cases)       
        Recent intake       
            HR (95% CI) Reference 1.07 (0.73, 1.56)  1.15 (0.80, 1.66) 1.09 (0.74, 1.59) 1.25 (0.86, 1.82) 0.21 
            Cases, n 52 64 68 66 75  
            Median (range), mg/day 2.7 (0.0–4.3) 6.1 (4.4–8.2) 10.7 (8.3–13.4) 16.7 (13.5–21.6) 31.7 (21.7–842.3)  
        Long-term intake       
            HR (95% CI) Reference  1.02 (0.70, 1.50) 1.00 (0.68, 1.46) 1.23 (0.85, 1.77)   1.11 (0.76, 1.61) 0.24 
            Cases, n 53 63 61 77 71  
            Median (range), mg/day 2.9 (0–4.4) 6.0 (4.5–7.9) 10.0 (8.0–12.4) 15.2 (12.5–19.1) 26.3 (19.2–600.9)  
       
    Men (211 cases)       
        Recent intake       
            HR (95% CI) Reference 0.94 (0.62, 1.45) 0.84 (0.54, 1.31) 0.84 (0.54, 1.32) 0.95 (0.60, 1.49) 0.89 
            Cases, n 42 45 40 39 45  
            Median (range), mg/day 2.8 (0–4.5) 6.3 (4.6–8.5) 11.1 (8.6–14.1) 17.7 (14.2–22.9) 34.0 (23.0–824.0)  
        Long-term intake       
            HR (95% CI) Reference 0.83 (0.54, 1.27) 0.70 (0.44, 1.09) 0.81 (0.52, 1.25) 0.85 (0.55, 1.31) 0.74 
            Cases, n 46 43 36 41 45  
            Median (range), mg/day 2.9 (0–4.5) 6.2 (4.6–8.1) 10.4 (8.2–13.0) 16.1 (13.1–20.3) 28.3 (20.4–580.1)  
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 Q1 Q2 Q3 Q4 Q5 
P-
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    Pooled (536 cases)       
        Recent intake       
            HR (95% CI) Reference 1.01 (0.76, 1.34) 1.01 (0.76, 1.34) 0.98 (0.73, 1.31) 1.12 (0.84, 1.49) 0.35 
            Cases, n 94 109 108 105 120  
            Median (range), mg/day 2.7 (0–4.4) 6.2 (4.5–8.3) 10.8 (8.4–13.7) 17.1 (13.8–22.1) 32.6 (22.2–835.1)  
        Long-term intake       
            HR (95% CI) Reference 0.93 (0.70, 1.24)  0.86 (0.64, 1.15)  1.03 (0.78, 1.37)  0.99 (0.74, 1.31) 0.47 
            Cases, n 99 106 97 118 116  
            Median (range), mg/day 2.9 (0–4.4) 6.1 (4.5–8.0) 10.2 (8.1–12.6) 15.6 (12.7–19.6) 27.1 (19.7–592.7)  
       
Flavanones       
    Women (325 cases)       
        Recent intake       
            HR (95% CI) Reference 0.85 (0.59, 1.22)  0.95 (0.67, 1.34)  0.88 (0.62, 1.26) 1.00 (0.71, 1.41) 0.83 
            Cases, n 63 56 66 65 75  
            Median (range), mg/day 7.4 (0–13.5) 19.6 (13.6–26.0) 32.8 (26.1–40.3) 49.0 (40.4–59.9) 77.9 (60.0–658.8)  
        Long-term intake       
            HR (95% CI) Reference 1.01 (0.70, 1.45) 0.99 (0.69, 1.42) 0.95 (0.66, 1.35) 1.04 (0.73, 1.48) 0.94 
            Cases, n 59 63 65 66 72  
            Median (range), mg/day 9.1 (0–15.6) 21.7 (15.7–27.7) 34.2 (27.8–41.1) 49.1 (41.2–59.3) 75.7 (59.4–659.0)  
       
    Men (211 cases)       
        Recent intake       
            HR (95% CI) Reference 0.96 (0.60, 1.54) 1.33 (0.86, 2.05) 1.13 (0.72, 1.76) 0.99 (0.63, 1.56) 0.98 
            Cases, n 36 36 51 46 42  
            Median (range), mg/day 10.0 (0–18.6) 27.5 (18.7–36.5) 45.6 (36.6–55.0) 65.4 (55.1–78.3) 100.0 (78.4–713.8)  
        Long-term intake       
            HR (95% CI) Reference 1.02 (0.64, 1.61) 1.08 (0.68, 1.70) 1.18 (0.76, 1.83) 1.07 (0.68, 1.68) 0.65 
            Cases, n 36 39 42 48 46  
            Median (range), mg/day 11.3 (0–20.4) 29.3 (20.5–37.9) 46.7 (38.0–55.6) 65.5 (55.7–77.8) 98.3 (77.9–713.8)  
       
    Pooled (536 cases)       
        Recent intake       
            HR (95% CI) Reference 0.89 (0.67, 1.18) 1.08 (0.82, 1.42) 0.97 (0.74, 1.28) 0.99 (0.75, 1.31) 0.87 
            Cases, n 99 92 117 111 117  
            Median (range), mg/day 8.4 (0–15.5) 22.7 (15.6–30.1) 37.8 (30.2–46.1) 55.4 (46.2–67.2) 86.6 (67.3–680.4)  
        Long-term intake       
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            HR (95% CI) Reference 1.01 (0.76, 1.34) 1.02 (0.77, 1.36)     1.03 (0.78, 1.36) 1.05 (0.80, 1.38) 0.70 
            Cases, n 95 102 107 114 118  
            Median (range), mg/day 10.0 (0–17.5) 24.7 (17.6–31.7) 39.1 (31.8–46.8) 55.6 (46.9–66.6) 84.6 (66.7–680.6)  
       
Flavones       
    Women (325 cases)       
        Recent intake       
            HR (95% CI) Reference  0.90 (0.62, 1.29) 0.97 (0.68, 1.38) 0.88 (0.61, 1.26) 1.00 (0.70, 1.41) 0.91 
            Cases, n 60 58 65 65 77  
            Median (range), mg/day 0.74 (0–1.0) 1.3 (1.1–1.5) 1.8 (1.6–2.1) 2.4 (2.2–2.9) 3.5 (3.0–84.9)  
        Long-term intake       
            HR (95% CI) Reference 1.03 (0.72, 1.49) 1.04 (0.73, 1.49) 1.05 (0.73, 1.51) 0.91 (0.63, 1.31) 0.53 
            Cases, n 56 63 68 74 64  
            Median (range), mg/day 0.77 (0–1.1) 1.3 (1.2–1.5) 1.8 (1.6–2.1) 2.4 (2.2–2.7) 3.3 (2.8–74.9)  
       
    Men (211 cases)       
        Recent intake       
            HR (95% CI) Reference 0.82 (0.51, 1.32) 1.27 (0.82, 1.95) 1.02 (0.65, 1.61) 1.23 (0.79, 1.91) 0.21 
            Cases, n 37 32 51 41 50  
            Median (range), mg/day 0.90 (0–1.4) 1.7 (1.5–2.1) 2.4 (2.2–2.8) 3.2 (2.9–3.7) 4.7 (3.8–112.6)  
        Long-term intake       
            HR (95% CI) Reference 0.65 (0.40, 1.06) 1.05 (0.68, 1.62) 1.11 (0.72, 1.70) 1.09 (0.70, 1.67) 0.20 
            Cases, n 40 28 46 49 48  
            Median (range), mg/day 0.98 (0–1.4) 1.7 (1.5–2.0) 2.4 (2.1–2.7) 3.1 (2.8–3.6) 4.4 (3.7–75.3)  
       
    Pooled (536 cases)       
        Recent intake       
            HR (95% CI) Reference 0.87 (0.65, 1.16) 1.08 (0.82, 1.42) 0.93 (0.70, 1.23)     1.08 (0.82, 1.42) 0.33 
            Cases, n 97 90 116 106 127  
            Median (range), mg/day 0.80 (0–1.2) 1.5 (1.3–1.7) 2.0 (1.8–2.4) 2.7 (2.5–3.2) 4.0 (3.3–95.8)  
        Long-term intake       
            HR (95% CI) Reference 0.88 (0.65, 1.17) 1.05 (0.79, 1.38) 1.08 (0.82, 1.42)     0.98 (0.74, 1.29)    0.61 
            Cases, n 96 91 114 123 112  
            Median (range), mg/day 0.85 (0–1.2) 1.5 (1.3–1.7) 2.0 (1.8–2.3) 2.7 (2.4–3.1) 3.7 (3.2–75.1)  
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1 Cox proportional hazard models using energy-adjusted flavonoid intake and adjusted for: age, total caloric intake (quintile), BMI (<25 kg/m2, 25-29.9 kg/m2, or ≥30 kg/m2), 
smoking status (never, past, or current), and hyperlipidemia (ever diagnosed vs. never diagnosed). HPFS, Health Professionals Follow-up Study; NHS, Nurses’ Health Study; 
NHSII, Nurses’ Health Study II; Q, quintile. 
2 P-trend was calculated using quintile median values in Cox proportional hazards regression to estimate linear trend. 
3 Recent flavonoid intake was calculated as the average of reported intake in the 12 years prior to diagnosis or end of follow-up. 
4 Long-term flavonoid intake was calculated as the average of reported intake in all years (up to 30) prior to diagnosis or end of follow-up. 
5 Pooled analysis: women (NHS, NHSII) and men (HPFS) combined by meta-analysis using fixed effects models. 
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Table 3. Multivariable-adjusted risk of glioma in women (NHS, NHSII), men (HPFS), and pooled (NHS, NHSII, HPFS), by flavan-3-ol and 
polymeric flavonoid (polymer) intake with additional adjustments for total caffeine and total tea intake1  

 
 Hazard ratio (95% CI)  

 
Q1 Q2 Q3 Q4 Q5 

P-
trend2 

Flavan-3-ols       
    Women (325 cases)       
        Long-term intake,3 adjusted for tea 1 (Reference) 0.86 (0.61, 1.19) 0.86 (0.61, 1.21) 0.86 (0.58, 1.27) 1.02 (0.55, 1.92) 0.81 
        Long-term intake, adjusted for caffeine 1 (Reference) 0.85 (0.61, 1.18) 0.82 (0.59, 1.15) 0.74 (0.53, 1.05) 0.69 (0.48, 0.99) 0.08 
       
    Men (211 cases)       
        Long-term intake, adjusted for tea 1 (Reference) 1.17 (0.76, 1.81) 1.32 (0.86, 2.02) 1.07 (0.66, 1.72) 1.33 (0.67, 2.64) 0.55 
        Long-term intake, adjusted for caffeine 1 (Reference) 1.15 (0.75, 1.78) 1.27 (0.83, 1.95) 0.96 (0.61, 1.52) 0.93 (0.59, 1.47) 0.35 
       
    Pooled4 (536 cases)       
        Long-term intake, adjusted for tea 1 (Reference) 0.96 (0.74, 1.25) 1.01 (0.78, 1.33) 0.94 (0.69, 1.27) 1.16 (0.73, 1.84) 0.58 
        Long-term intake, adjusted for caffeine 1 (Reference) 0.95 (0.73, 1.24) 0.97 (0.74, 1.26) 0.82 (0.62, 1.07) 0.77 (0.58, 1.02) 0.05 
       
Polymers       
    Women (325 cases)       
        Long-term intake, adjusted for tea 1 (Reference) 0.90 (0.64, 1.27) 1.06 (0.76, 1.49) 0.87 (0.59, 1.28) 1.09 (0.61, 1.95) 0.72 
        Long-term intake, adjusted for caffeine 1 (Reference) 0.88 (0.62, 1.24) 1.00 (0.72, 1.40) 0.76 (0.53, 1.08) 0.74 (0.52, 1.07) 0.09 
       
    Men (211 cases)       
        Long-term intake, adjusted for tea 1 (Reference) 1.37 (0.89, 2.10) 1.13 (0.71, 1.79) 1.15 (0.71, 1.85) 1.34 (0.72, 2.49) 0.59 
        Long-term intake, adjusted for caffeine 1 (Reference) 1.32 (0.86, 2.03) 1.07 (0.67, 1.69) 1.02 (0.65, 1.62) 0.96 (0.60, 1.53) 0.38 
       
    Pooled (536 cases)       
        Long-term intake, adjusted for tea 1 (Reference) 1.06 (0.81, 1.38) 1.09 (0.83, 1.43) 0.97 (0.72, 1.31) 1.20 (0.79, 1.83) 0.54 
        Long-term intake, adjusted for caffeine 1 (Reference) 1.03 (0.79, 1.35) 1.02 (0.78, 1.34) 0.85 (0.64, 1.12) 0.82 (0.61, 1.09) 0.06 

 
1 Cox proportional hazards models using energy-adjusted flavonoid intake and adjusted for: age, total caloric intake (quintile), BMI (<25 kg/m2, 25-29.9 kg/m2, or ≥30 kg/m2), 
smoking status (never, past, or current), hyperlipidemia (ever diagnosed vs. never diagnosed), and either total caffeine or total tea intake. HPFS, Health Professionals Follow-up 
Study; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II; Q, quintile. 
2 P-trend was calculated using quintile median values in Cox proportional hazards regression to estimate linear trend. 
3 Long-term flavonoid intake was calculated as the average of reported intake in all years (up to 30) prior to diagnosis or end of follow-up. 
4 Pooled analysis: women (NHS, NHSII) and men (HPFS) combined by meta-analysis using fixed effects models. 
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Figure 1. Top food contributors to total flavonoids or flavonoid subclasses, by year and cohort: A) Total flavonoids, B) Flavan-3-ols, and C) 
Polymeric flavonoids (polymers) 
 
Abbreviations: BMI=body mass index, HPFS=Health Professionals Follow Up Study, NHS=Nurses’ Health Study, NHSII=Nurses’ Health Study II 

 



 31 

 


