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ABSTRACT
Objective
To evaluate the association between fruit and 
vegetable intake during adolescence and early 
adulthood and risk of breast cancer.
Design
Prospective cohort study.
Setting
Health professionals in the United States.
Participants
90 476 premenopausal women aged 27-44 from the 
Nurses’ Health Study II who completed a questionnaire 
on diet in 1991 as well as 44 223 of those women who 
completed a questionnaire about their diet during 
adolescence in 1998.
Main outcome measure
 Incident cases of invasive breast cancer, identified 
through self report and confirmed by pathology report.
Results
There were 3235 cases of invasive breast cancer during 
follow-up to 2013. Of these, 1347 cases were among 
women who completed a questionnaire about their 
diet during adolescence (ages 13-18). Total fruit 
consumption during adolescence was associated with 
a lower risk of breast cancer. The hazard ratio was 0.75 
(95% confidence interval 0.62 to 0.90; P=0.01 for 
trend) for the highest (median intake 2.9 servings/day) 
versus the lowest (median intake 0.5 serving/day) fifth 
of intake. The association for fruit intake during 
adolescence was independent of adult fruit intake. 
There was no association between risk and total fruit 
intake in early adulthood and total vegetable intake in 
either adolescence or early adulthood. Higher early 
adulthood intake of fruits and vegetables rich in α 

carotene was associated with lower risk of 
premenopausal breast cancer. The hazard ratio was 
0.82 (0.70 to 0.96) for the highest fifth (median intake 
0.5 serving/day) versus the lowest fifth (median intake 
0.03 serving/day) intake. The association with 
adolescent fruit intake was stronger for both estrogen 
and progesterone receptor negative cancers than 
estrogen and progesterone receptor positive cancers 
(P=0.02 for heterogeneity). For individual fruits and 
vegetables, greater consumption of apple, banana, 
and grapes during adolescence and oranges and kale 
during early adulthood was significantly associated 
with a reduced risk of breast cancer. Fruit juice intake 
in adolescence or early adulthood was not associated 
with risk.
Conclusion
There is an association between higher fruit intake and 
lower risk of breast cancer. Food choices during 
adolescence might be particularly important.

Introduction
Fruits and vegetables are important sources of fiber, 
vitamins, and other biologically active substances that 
can favorably affect the pathogenesis of breast cancer 
through several biological mechanisms.1-3 Results from 
epidemiological studies assessing fruit and vegetable 
intake and risk of breast cancer, however, have been 
inconsistent.4-16 A recent pooled analysis of 20 prospec-
tive studies showed an inverse association between veg-
etable intake and estrogen receptor negative tumors, 
but not with estrogen receptor positive tumors or breast 
cancer overall.17  All these results, however, were from 
dietary assessments during mid-life or later; the role of 
fruit and vegetable intake in earlier life is unclear. 
Breast tissue might be particularly susceptible to car-
cinogenic exposures during childhood and early adult 
life, as seen in women exposed to ionizing radiation.18-20

We used unique information on diet in early life 
in  the Nurses’ Health Study II (NHSII) to conduct a 
detailed analysis of associations between fruit and veg-
etable intake during adolescence and early adulthood 
and risk of breast cancer. This included consideration 
of tumor hormone receptor and menopausal status at 
diagnosis and the relation of specific fruits and vegeta-
bles to risk.

Methods
Study population
The NHSII is an ongoing prospective cohort study that 
began in 1989 with enrollment of 116 430 female regis-
tered nurses aged 25-42. Our analyses included 97 813 

What is already known on this topic
Fruit and vegetable consumption has been hypothesized to protect against breast 
cancer but the overall evidence has not been supportive
Most studies have assessed intakes during midlife and later, which could be after 
the period when breast tissue is more vulnerable to carcinogenic influences

What this study adds
Fruit intake during adolescence seem beneficial in terms of preventing breast 
cancer
Higher intake of fruit and vegetables rich in α carotene during early adulthood was 
specifically associated with lower risk
The associations with breast cancer differed significantly among individual fruits 
and vegetables: greater consumption of apple, orange, banana, grapes, and kale 
was significantly associated with a reduced risk
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women who returned the 1991 food frequency question-
naire (FFQ). We excluded women with implausible total 
energy intake (<2508 kJ or 14 630 kJ (<600 or >3500 
kcal)/day) or who left all items on fruit and/or vegeta-
bles blank in the questionnaire and those who were 
postmenopausal in 1991, had missing information on 
age, or had previously had cancer (except non-mela-
noma skin cancer) before the recruitment question-
naire. The primary analyses included 90 476 women. 
The follow-up rate was over 96% of total potential per-
son years from 1991 to 2013.

In 1997, participants were asked about their willing-
ness to complete a supplemental food frequency ques-
tionnaire about diet during high school (age range 
13-18) (HS-FFQ). Among 47 355 of women who returned 
the HS-FFQ in 1998, we excluded those who had had 
cancer (except non-melanoma skin cancer) before 1998, 
reported implausible daily caloric intake (<2508 kJ or 
20 900 kJ (<600 or ≥5000 kcal)), or who left all items on 
fruit and/or vegetables blank. Thus we evaluated ado-
lescent fruit and vegetable intake and risk of breast can-
cer in 44 223 women. The follow-up rate was over 98% 
of total potential person years from 1998 through 2013.

Dietary assessment
In 1991 and every four years thereafter, dietary intake 
and alcohol consumption were measured with a vali-
dated semiquantitative FFQ with about 130 items about 
usual dietary intake and alcohol consumption during 
the past year (available at http://www.nurseshealth-
study.org/participants/questionnaires). Validity of the 
questionnaire to assess long term intake was evaluated 
by comparison with weighed diet records collected over 
a period of six years; the average correlation for dietary 
nutrient intakes, corrected for variation in diet records, 
was 0.83.21  In addition, higher fruit and/or vegetable 
intake assessed by this questionnaire has been associ-
ated with lower risks of diabetes22  and coronary heart 
disease,23  indirectly supporting the validity of the ques-
tionnaire. We asked women about the frequency of con-
sumption of fruits and vegetables in nine categories 
ranging from “never or less than once per month” to “6 
or more times per day.” Total fruit, fruit juice and vege-
table items listed on the questionnaire are presented in 
appendix table A. Vegetables were categorized into five 
subgroups including green leafy vegetables, yellow/
orange vegetables, tomatoes, cruciferous vegetables, 
and other vegetables. Fruits were grouped into seven 
subgroups including citrus fruits, berries, pomes (fruits 
with a core of several small seeds), drupes (fruits with a 
stone), tropical fruits, grapes, and melon. We also 
grouped fruits and vegetables by their content of vita-
min C (≥40 mg/100 g), α carotene (≥3000 µg α caro-
tene/100 g), β carotene (≥3000 µg/100 g), or lutein (≥10 
mg/100 g) (appendix table A).23-27

We evaluated diet in adolescence with a FFQ that 
included 124 foods typically consumed between 1960 
and 1980 when participants were in high school 
(HS-FFQ, see appendix table B). We categorized intakes 
of fruits and vegetables similar to early adulthood 
intakes. The validity of the HS-FFQ was evaluated 

among 80 young women who completed three 24 hour 
recalls and two FFQ during high school with the HS-FFQ 
administered 10 years later; the mean of corrected cor-
relation coefficients for energy adjusted nutrient 
intakes was 0.58 for the HS-FFQ and the earlier FFQ’s 
and 0.45 for the HS-FFQ and the earlier 24 hour recalls.28  
Furthermore, evidence of validity and reproducibility 
also came from the comparison of their dietary reports 
with the information provided four years later. In 2002, 
HS-FFQ was readministrated to 333 women who ran-
domly selected from those initial participants. The 
mean Pearson correlation was 0.65 (0.50-0.77) for 38 
nutrient intakes, and the mean Spearman rank correla-
tion was 0.60 (0.37-0.77) for food intakes.29  In addition, 
validity was assessed by comparing adolescent diet 
reported by 272 NHS II participants with their diet 
reported by their mothers; the mean correlation was 
0.40 for nutrients.29

Identification of cases of breast cancer
In follow-up questionnaires administered every two 
years, we asked women about diagnosis of breast can-
cer and the date of diagnosis. Deaths were reported by 
family members and the postal service in response to 
the follow-up questionnaires or identified through the 
National Death Index. When a case of breast cancer was 
identified, we asked the participant (or next of kin for 
those who had died) for permission to obtain relevant 
hospital records and pathology reports. Because accu-
racy was high for self reporting (99%), we included in 
the analysis cases in women with unavailable medical 
records (n=547). Estrogen receptor and progesterone 
receptor status of tumors was extracted from medical 
records.

Assessment of other variables
We obtained data on potential risk factors for breast 
cancer from the biennial NHSII questionnaires includ-
ing age, height, weight, history of benign breast dis-
ease, family history of breast cancer, smoking, race, 
menopausal status, menopausal hormone use, oral 
contraceptive use, and physical activity, updated to the 
most recent information, if available. Participants pro-
vided informed consent by returning their question-
naires. Body mass index (BMI) at age 18 and alcohol 
consumption in adolescence was obtained from the 
1989 questionnaire. Women were considered as pre-
menopausal if they still had periods or had had a hys-
terectomy with at least one ovary remaining and were 
aged under 46 for smokers or 48 for non-smokers. 
Women were considered postmenopausal if they 
reported natural menopause or had undergone bilat-
eral oophorectomy. We defined women of unknown 
menopausal status or who had hysterectomy without 
bilateral oophorectomy as postmenopausal if they were 
aged ≥54 for smokers or ≥56 for non-smokers.30

Statistical analysis
Food intakes reported in 1991, when participants were 
aged 27-44, were considered as early adulthood dietary 
intake. To evaluate diet in early adulthood and breast 
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cancer, participants contributed person years from the 
date of return of the 1991 questionnaire until the date of 
any diagnosis of cancer except non-melanoma skin 
cancer, death, or end of follow-up period (1 June 2013), 
whichever occurred first. For adolescent fruit, vegeta-
ble, and fruit juice intake, participants contributed per-
son years similarly except that follow-up began with 
return of the adolescent diet questionnaire in 1998. Par-
ticipants were divided into fifths according to their 
dietary intake. We used Cox proportional hazards 
regression to estimate hazard ratios and 95% confi-
dence intervals for each category, using the lowest fifth 
of intake as the reference category. To control for con-
founding by age or calendar time, or any possible two 
way interactions between these two time scales, the 
regression models included age in months as the time 
scale, stratified by calendar year of the current ques-
tionnaire cycle. Multivariable models also simultane-
ously adjusted for race, history of breast cancer in 
mother or sisters, history of benign breast disease, 
smoking, height, physical activity, BMI at age 18, weight 
change since age 18, age at menarche, parity and age at 
first birth, oral contraceptive use, menopausal status, 
menopausal hormone use, age at menopause, and 
intakes of alcohol and energy.

For adolescent fruit, vegetable, and fruit juice 
intake and risk of breast cancer, multivariable models 
adjusted additionally for adolescent alcohol intake 
and adolescent energy intake (instead of early adult-
hood energy intake). The median value for each fifth 
was used for tests for trend, modeled as a continuous 
variable. We also used a likelihood ratio test to deter-
mine a potential non-linear association by comparing 
the model with only the linear term to the model with 
both the linear and the cubic spline terms. We 
replaced missing covariate data with carried forward 
method for continuous variables and missing indica-
tor method for categorical variables. To examine if the 
observed associations were independent of a gener-
ally healthy dietary pattern, we further adjusted for a 
modified alternate healthy eating index31 that 
excluded the scores for fruits and vegetables to avoid 
redundancy with our primary variables. We further 
examined whether the associations between fruit and 
vegetable intake and risk of breast cancer depended 
on the other dietary factors, including intake of fiber, 
vitamin C, β carotene, animal fat, and total red meat, 
and we additionally adjusted for these variables 
as well. To better represent adolescent intakes and 
show that these associations were independent of 
adulthood dietary intakes, we adjusted for dietary 
intake during adult life (cumulative average dietary 
intakes).

Because dietary intake has been assumed to influ-
ence risk of breast cancer over an extended period of 
time, for a sensitivity analyses, we calculated the aver-
age of adolescent and early adult (1991) fruit, vegeta-
ble, and fruit juice intake among those with 
information for both periods. We also calculated pre-
menopausal cumulative average of dietary intakes by 
using the 1991, 1995, 1999, 2003, 2007, and 2011 dietary 

intake data, stopping updating when a woman 
reached menopause. To examine potential effect mod-
ification by BMI at age 18 on associations between fruit 
and vegetable consumption and risk, we included a 
cross-product term of the ordinal score for BMI at age 
18 and fruit or vegetable intakes in the multivariable 
model. Tests for interactions were obtained from a 
likelihood ratio test. Furthermore, to evaluate whether 
associations varied by age, we conducted tests for 
interaction and performed analyses separately among 
women aged 27-35 and 36-44 at baseline. To evaluate 
the difference between premenopausal and postmeno-
pausal hazard ratios, we evaluated the P value for 
heterogeneity with the Q statistic.32 33  To examine dif-
ferential associations of fruit and vegetable intake 
with risk of breast cancer by hormone receptor status 
(both estrogen and progesterone receptor positive, 
both estrogen and progesterone receptor negative, and 
estrogen receptor positive and progesterone receptor 
negative34 ) we used Cox proportional cause specific 
hazards regression model with a duplication method 
for competing risk data.35 All P values were two sided. 
SAS version 9.3 (SAS Institute, Cary NC) was used for 
all analyses.

Patient involvement
No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in 
the design and implementation of the study. There are 
no plans to involve patients in dissemination.

Results
During 22 years of follow-up, we documented 3235 cases 
of invasive breast cancer for the early adulthood dietary 
analyses. Of these, 1347 cases were in women for whom 
we had adolescent dietary information. A higher fruit 
intake in early adulthood and adolescence was associ-
ated with lower prevalence of smoking, , lower intakes 
of alcohol and animal fat, and higher fiber intake 
(tables 1 and 2 ). Women with higher intakes of vegeta-
bles during early adulthood were more likely to drink 
alcohol and to have higher fiber intake and were less 
likely to eat animal fat, to smoke, and to be nulliparous 
(table 1).

Fruit and vegetable intake during adolescence and 
risk of breast cancer
A higher total fruit intake during adolescence was asso-
ciated with a lower risk of breast cancer (hazard ratio 
(for highest v lowest fifth of intake) 0.75, 95% confi-
dence interval 0.62 to 0.90; Ptrend=0.01). Although 
women in third and fifth category seemed to have a sim-
ilar lower risk compared with those with the lowest 
intake, a test for non-linearity was not significant 
(P=0.11). The association was significant for postmeno-
pausal (0.69, 0.52 to 0.90; Ptrend=0.02) but not premeno-
pausal breast cancer (0.80, 0.60 to 1.05; Ptrend=0.17). 
There was, however, no significant difference between 
premenopausal and postmenopausal hazard ratios 
(P=0.45 for differences in hazard ratios) (table 3). These 
associations were materially unchanged with adjustment 
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for intake of vitamin C, β carotene, animal fat, red meat, 
or modified alternate healthy eating index (appendix 
table C). Adjustment for adult fruit intake did not affect 
the associations (hazard ratio for highest v lowest 0.76 
(0.63 to 0.93; Ptrend=0.04) among all women; 0.87 (0.64 
to 1.19; Ptrend=0.55) among premenopausal women; and 
0.67 (0.50 to 0.89; Ptrend=0.02) among postmenopausal 
women). The estimate was attenuated but remained 
significant after adjustment for adolescent total dietary 
fiber intake (0.80 (0.64 to 0.99; Ptrend=0.14) among all 
women; appendix table C).

The association between adolescent vegetable con-
sumption and risk was non-linear (P=0.03); the relation 
seemed to follow a dose-response inverse association 
up to 2.7 servings/day. Non-significant associations 
between adolescent vegetable intake and breast cancer 
were observed (table 4). Higher total fruit and vegetable 
intake during adolescence was associated with lower 
risk of breast cancer (hazard ratio (for highest v lowest 
fifth of intake) 0.82, 0.68 to 0.98; Ptrend=0.07) (table 5 ). 
Adolescent fruit juice intake was not associated with 
risk (table 6 ). We did not observe any significant 

Table 2 | Age standardized characteristics in 1998 according to intake of fruit and vegetables during adolescence among women enrolled in Nurses’ 
Health Study II. Figures are means (SD) unless otherwise specified

Fifths of total fruit intake Fifths of total vegetable intake
1 (n=8850) 3 (n=8830) 5 (n=8840) 1 (n=8869) 3 (n=8829) 5 (n=8869)

Age (years) 43 (5) 43 (5) 43 (5) 43 (5) 43 (5) 43 (5)
Intake in adolescence*:
  Total fruit intake (serving/day) 0.4 (0.2) 1.4 (0.1) 3.2 (1.1) 0.9 (0.7) 1.5 (0.8) 2.4 (1.4)
  Total vegetables intake (serving/day) 1.9 (1.0) 2.6 (1.2) 3.9 (1.8) 1.1 (0.3) 2.4 (0.2) 5.0 (1.5)
  Total energy intake (kJ) 9781 (3127) 11 407 (2972) 13 397 (3223) 9631 (2993) 11 370 (2955) 13 468 (3298)
  Alcohol consumption (g/day) 1.2 (4.2) 1.0 (3.1) 0.9 (3.1) 1.1 (3.9) 1.0 (3.2) 1.0 (3.5)
  Total fiber intake (g/day) 17.3 (4.1) 20.5 (4.1) 25.5 (5.8) 17.0 (3.8) 20.5 (3.8) 26.1 (6.0)
  Animal fat intake (% energy) 27.7 (6.1) 26.0 (5.3) 23.7 (5.2) 27.4 (6.0) 26.0 (5.4) 24.1 (5.5)
  Total red meat intake (serving/day) 1.5 (0.7) 1.5 (0.7) 1.5 (0.7) 1.4 (0.7) 1.5 (0.7) 1.6 (0.8)
BMI at age 18 21.1 (3.2) 21.2 (3.3) 21.2 (3.2) 21.0 (3.2) 21.2 (3.2) 21.4 (3.4)
Age at first birth (years) 26 (5) 27 (5) 27 (5) 26 (5) 26 (5) 27 (5)
Age at menarche (years) 12.4 (1.4) 12.4 (1.4) 12.4 (1.5) 12.5 (1.4) 12.4 (1.4) 12.3 (1.5)
No (%):
  Current smokers 1078 (12) 759 (9) 639 (7) 864 (10) 848 (10) 732 (8)
  Current oral contraceptive use 778 (9) 737 (8) 741 (8) 735 (8) 773 (9) 761 (9)
  History of benign breast disease 1426 (16) 1343 (15) 1399 (16) 1356 (15) 1431 (16) 1394 (16)
  Family history of breast cancer in mother or sisters 1296 (15) 1420 (16) 1493 (17) 1363 (15) 1438 (16) 1518 (17)
  Nulliparous 1836 (21) 1736 (20) 1815 (21) 1645 (19) 1722 (20) 2063 (23)
*Participants recalled their dietary intake during adolescence in 1998.

Table 1 | Age and age standardized characteristics in 1991 according to intake of fruit and vegetables during early adulthood among women enrolled in 
Nurses’ Health Study II. Figures are means (SD) unless otherwise specified

Fifth of total fruit intake Fifth of total vegetable intake
1 (n=18 004) 3 (n=18 060) 5 (n=18 132) 1 (n=18 048) 3 (n=18 106) 5 (n=18 144)

Age (years) 36 (5) 36 (5) 37 (5) 36 (5) 36 (5) 37 (4)
Intake in early adulthood:
  Total fruit intake (serving/day) 0.2 (0.1) 0.9 (0.1) 2.4 (0.9) 0.6 (0.5) 1.0 (0.7) 1.7 (1.1)
  Total vegetable intake (serving/day) 2.2 (1.4) 3.0 (1.5) 4.4 (2.3) 1.2 (0.4) 2.8 (0.3) 6.0 (1.9)
  Total energy intake (kJ) 6383 (2111) 7399 (2103) 8786 (2261) 6078 (1977) 7449 (2027) 8987 (2278)
  Alcohol consumption (g/day) 3.7 (7.6) 2.9 (5.5) 2.9 (5.3) 2.5 (5.8) 3.1 (5.8) 3.6 (6.5)
  Total fiber intake (g/day) 14.6 (4.2) 18.0 (4.4) 22.7 (5.8) 14.4 (4.3) 17.9 (4.3) 23.0 (5.8)
  Animal fat intake (% energy) 19.1 (5.0) 17.6 (4.3) 15.5 (4.3) 18.4 (4.9) 17.7 (4.4) 16.2 (4.6)
  Total red meat intake (serving/day) 0.8 (0.6) 0.8 (0.5) 0.7 (0.6) 0.7 (0.5) 0.8 (0.5) 0.8 (0.6)
Adult BMI 24.7 (5.7) 24.6 (5.3) 24.5 (5.0) 24.6 (5.5) 24.4 (5.1) 24.8 (5.3)
BMI at age 18 21.1 (3.4) 21.3 (3.2) 21.5 (3.4) 21.2 (3.3) 21.2 (3.2) 21.6 (3.5)
Age at first birth (years) 25 (4) 26 (4) 26 (4) 26 (4) 26 (4) 26 (4)
Age at menarche (years) 12.5 (1.4) 12.4 (1.4) 12.4 (1.5) 12.5 (1.4) 12.5 (1.4) 12.3 (1.5)
No (%):
  Current smokers 3555 (20) 1891 (10) 1347 (7) 2470 (14) 2086 (12) 2109 (12)
  Current oral contraceptive use 2106 (12) 2016 (11) 1734 (10) 2451 (14) 1977 (11) 1622 (9)
  History of benign breast disease 1698 (9) 1755 (10) 1641 (9) 1573 (9) 1716 (9) 1770 (10)
  Family history of breast cancer in mother or sisters 2639 (15) 2735 (15) 2862 (16) 2527 (14) 2709 (15) 2848 (16)
  Nulliparous 5391 (30) 4445 (25) 4727 (27) 5760 (32) 4396 (25) 4687 (26)
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associations between subgroups of adolescent vegeta-
ble intake and risk of cancer, but the power was limited 
and the confidence intervals were wide (appendix table 
D). For adolescent diet, the highest intakes of pomes, 
tropical fruits, grapes, and melon were each associated 
with lower risk (appendix table E). When we evaluated 
the associations with intakes of individual fruits and 
vegetables (fig 1) during adolescence as continuous 
variables in multivariate models, we observed signifi-
cant inverse associations for each two servings/week 
grapes, bananas, and apples and a positive association 
for other fruit juice, and mixed vegetables.

Fruit and vegetable intake during early adulthood 
and risk of breast cancer
Total fruit intake during early adulthood was not signifi-
cantly associated with a lower risk of breast cancer (haz-
ard ratio (for highest v lowest fifth of intake) 0.96, 95% 
confidence interval 0.85 to 1.09; Ptrend=0.46) (table 7 ). 
Similar estimates were noted after additional adjust-
ment for red meat intake or modified alternate healthy 
eating index (appendix table F). Non-significant associ-
ations between early adulthood fruit intake and breast 
cancer were observed among both premenopausal and 
postmenopausal women at diagnosis (table 7 ). Risk of 

Table 3 | Hazard ratios and 95% confidence intervals for breast cancer in two models* according to fifths of intake of fruit during adolescence among 
women in Nurses’ Health Study II

Fifth of intake
Ptrend Per serving/day1 2 3 4 5

All cases
Median intake (serving/day) 0.5 0.9 1.4 1.9 2.9  —  —
No of cases/person years 315/134 534 263/134 375 250/134 590 272/134 414 247/134 576  —  —
Model 1 1 0.83 (0.71 to 0.98) 0.79 (0.67 to 0.93) 0.86 (0.73 to 1.01) 0.79 (0.66 to 0.93) 0.02 0.93 (0.87 to 0.99)
Model 2 1 0.82 (0.69 to 0.96) 0.76 (0.64 to 0.90) 0.82 (0.69 to 0.97) 0.75 (0.62 to 0.90) 0.01 0.91 (0.85 to 0.98)
Premenopausal cases
Median intake (serving/day) 0.5 0.9 1.4 1.9 2.9  —  —
No of cases/person years 135/69 408 105/69 528 123/69 429 104/69 505 109/69 518  —  —
Model 1 1 0.77 (0.60 to 1.00) 0.87 (0.68 to 1.12) 0.75 (0.58 to 0.97) 0.81 (0.62 to 1.04) 0.15 0.93 (0.84 to 1.03)
Model 2 1 0.78 (0.60 to 1.01) 0.87 (0.68 to 1.13) 0.75 (0.57 to 0.99) 0.80 (0.60 to 1.05) 0.17 0.93 (0.83 to 1.03)
Postmenopausal cases
Median intake (serving/day) 0.5 0.9 1.3 1.9 2.9  —  —
No of cases/person years 149/53 265 134/53 368 108/53 454 138/53 178 111/53 219  — —
Model 1 1 0.89 (0.71 to 1.13) 0.72 (0.56 to 0.92) 0.92 (0.73 to 1.16) 0.74 (0.57 to 0.95) 0.05 0.91 (0.82 to 1.00)
Model 2 1 0.85 (0.67 to 1.08) 0.67 (0.52 to 0.87) 0.84 (0.66 to 1.07) 0.69 (0.52 to 0.90) 0.02 0.88 (0.79 to 0.98)
*Model 1: stratified by age in months at state of follow-up and calendar year of current questionnaire cycle. Model 2: as for model 1 and simultaneously adjusted for smoking (never, past, 
current 1-14/day, current 15-24/day, current ≥25/day), race (white/non-white), parity and age at first birth (nulliparous, parity ≤2 and age at first birth <25, parity ≤2 and age at first birth 25-<30, 
parity ≤2 and age at first birth ≥30, parity 3-4 and age at first birth <25, parity 3-4 and age at first birth 25-<30, parity 3-4 and age at first birth ≥30, parity ≥5 and age at first birth <25, parity ≥5 
and age at first birth ≥25), height (<157, 157-<165, 165-<173, ≥173 cm), BMI at age 18 (<18.5, 18.5-<22.5, 22.5-<25, 25.0-<30, ≥30.0), weight change since age 18 (continuous, missing indicator), 
age at menarche (<12, 12, 13, ≥14), family history of breast cancer (yes, no), history of benign breast disease (yes, no), oral contraceptive use (never, past, current), adolescent alcohol intake 
(non-drinker, <5, ≥5 g/day), adult alcohol intake (non-drinker, <5, 5– <15, ≥15 g/day), adolescent energy intake (fifth). In postmenopausal women, we additionally adjusted for hormone use 
(postmenopausal never users, postmenopausal past users, postmenopausal current users), age at menopause (<45, 45-46, 47-48, 49-50, 51-52, ≥53). Among all women, we additionally 
adjusted for hormone use and menopausal status (premenopausal, postmenopausal never users, postmenopausal past users, postmenopausal current users, unknown menopausal status) 
and age at menopause (premenopausal, unknown menopause, <45, 45-46 years, 47-48, 49-50, 51-52, ≥53).

Table 4 | Hazard ratios and 95% confidence intervals for breast cancer in two models* according to fifths of intake of vegetables during adolescence 
among women in Nurses’ Health Study II

Fifth of intake
Ptrend Per serving/day1 2 3 4 5

All cases
Median intake (serving/day) 1.2 1.8 2.4 3.2 4.5  — —
No of cases/person years 310/134 501 255/134 513 248/134 563 264/134 493 270/134 419  — —
Model 1 1 0.83 (0.70 to 0.98) 0.81 (0.68 to 0.95) 0.85 (0.72 to 1.00) 0.86 (0.73 to 1.01) 0.20 0.97 (0.93 to 1.02)
Model 2 1 0.82 (0.69 to 0.97) 0.79 (0.66 to 0.93) 0.83 (0.70 to 0.98) 0.85 (0.71 to 1.01) 0.21 0.97 (0.92 to 1.02)
Premenopausal cases
Median intake (serving/day) 1.2 1.8 2.4 3.2 4.5  —  —
No of cases/person years 138/69 460 110/69 410 111/69 487 99/69 487 118/69 544  — —
Model 1 1 0.78 (0.61 to 1.01) 0.80 (0.62 to 1.03) 0.69 (0.53 to 0.90) 0.82 (0.64 to 1.05) 0.14 0.95 (0.88 to 1.02)
Model 2 1 0.80 (0.62 to 1.04) 0.81 (0.62 to 1.05) 0.71 (0.54 to 0.94) 0.84 (0.64 to 1.10) 0.25 0.95 (0.88 to 1.03)
Postmenopausal cases
Median intake (serving/day) 1.2 1.9 2.5 3.2 4.6  —  —
No of cases/person years 147/53 314 122/53 335 116/53 319 137/53 289 118/53 225  —  —
Model 1 1 0.83 (0.65 to 1.06) 0.78 (0.61 to 1.00) 0.93 (0.73 to 1.17) 0.80 (0.62 to 1.02) 0.21 0.96 (0.90 to 1.03)
Model 2 1 0.79 (0.62 to 1.02) 0.73 (0.57 to 0.94) 0.87 (0.68 to 1.11) 0.75 (0.57 to 0.98) 0.13 0.94 (0.88 to 1.02)
*See table 3.
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breast cancer was not significantly associated with total 
vegetable, total fruit and vegetable, or fruit juice intake 
during early adulthood (tables 8-10). We did not detect 
any significant non-linearity for fruits or vegetables 
intake in early adulthood in relation to risk of breast 
cancer (P=0.85 for non-linearity for total fruits and 
P=0.56 for non-linearity for total vegetables). For early 
adult diet, the highest intakes of yellow/orange vegeta-
bles (0.89, 0.79 to 0.99; Ptrend=0.16) and fruits and vegeta-
bles rich in α carotene (0.89, 0.80 to 1.00; Ptrend=0.28) 
were each associated with lower risk but tests for trend 
were not significant. Stronger associations were 
observed among women who were premenopausal at 
diagnosis (0.85 (0.72 to 0.99; Ptrend=0.11) for yellow/
orange vegetables; 0.82 (0.70 to 0.96; Ptrend=0.06) for 
fruits and vegetables rich in α carotene) (appendix table 
G). We did not observe any significant associations 
between subgroups of early adulthood fruit intake and 
risk (appendix H). When evaluating the associations 

with intakes of individual fruits and vegetables (fig 1) 
during early adulthood in multivariate models, we 
observed significant inverse associations for each two 
servings/week of oranges and kale and a positive associ-
ation for orange juice.

Average fruit and vegetable intake during 
adolescence and early adulthood and risk of breast 
cancer
Fruit intake in adolescence and early adulthood (1991) 
was moderately correlated (r=0.43), as was vegetable 
intake in adolescence and early adulthood (r=0.42). 
Among women with both early adulthood and adoles-
cent dietary data (n=41 032), there were non-significant 
associations between average of total fruit intake and 
overall breast cancer (hazard ratio (for highest v lowest 
fifth of intake) 0.88, 95% confidence interval 0.73 to 
1.06; Ptrend=0.08), premenopausal breast cancer (0.82, 
0.61 to 1.10; Ptrend=0.03), and postmenopausal breast 

Table 6 | Hazard ratios and 95% confidence intervals for breast cancer in two models* according to fifths of intake of fruit juice during adolescence 
among women in Nurses’ Health Study II

Fifth of intake
Ptrend Per serving/day1 2 3 4 5

All cases
Median intake (serving/day) 0.1 0.4 0.9 1.5 2.1  — —
No of cases/person years 285/144 750 269/133 916 237/125 374 267/129 621 288/138 185  —  —
Model 1 1 1.03 (0.87 to 1.22) 0.99 (0.83 to 1.18) 1.05 (0.89 to 1.25) 1.07 (0.91 to 1.26) 0.39 1.03 (0.96 to 1.11)
Model 2 1 1.02 (0.86 to 1.20) 0.96 (0.80 to 1.14) 1.00 (0.84 to 1.19) 1.02 (0.86 to 1.21) 0.85 1.01 (0.93 to 1.09)
Premenopausal cases
Median intake (serving/day) 0.1 0.4 0.9 1.5 2.2  —  —
No of cases/person years 107/71 645 123/68 496 108/67 377 126/69 940 111/69 591  — —
Model 1 1 1.22 (0.94 to 1.59) 1.10 (0.84 to 1.44) 1.17 (0.90 to 1.52) 1.06 (0.81 to 1.38) 0.96 1.00 (0.90 to 1.12)
Model 2 1 1.25 (0.96 to 1.62) 1.11 (0.84 to 1.46) 1.17 (0.90 to 1.54) 1.06 (0.80 to 1.41) 1.00 1.00 (0.89 to 1.12)
Postmenopausal cases
Median intake (serving/day) 0.1 0.3 0.9 1.5 2.1  —  —
No of cases/person years 121/47 907 141/65 884 111/48 809 119/51 122 148/52 498  — —
Model 1 1 0.84 (0.66 to 1.07) 0.91 (0.71 to 1.18) 0.92 (0.71 to 1.19) 1.08 (0.84 to 1.37) 0.19 1.07 (0.97 to 1.19)
Model 2 1 0.83 (0.65 to 1.06) 0.87 (0.67 to 1.14) 0.86 (0.66 to 1.12) 1.02 (0.79 to 1.32) 0.44 1.04 (0.94 to 1.17)
*See table 3.

Table 5 | Hazard ratios and 95% confidence intervals for breast cancer in two models* according to fifths of intake of total fruit and vegetables during 
adolescence among women in Nurses’ Health Study II

Fifth of intake
Ptrend Per serving/day1 2 3 4 5

All cases
Median intake (serving/day) 1.9 3.0 3.9 5.0 7.1  —  —
No of cases/person years 307/134 478 264/134 563 249/134 499 266/134 496 261/134 452  — —
Model 1 1 0.86 (0.73 to 1.02) 0.81 (0.69 to 0.96) 0.86 (0.73 to 1.01) 0.84 (0.71 to 0.99) 0.09 0.97 (0.94 to 1.00)
Model 2 1 0.85 (0.72 to 1.00) 0.79 (0.66 to 0.93) 0.82 (0.69 to 0.98) 0.82 (0.68 to 0.98) 0.07 0.97 (0.94 to 1.00)
Premenopausal cases
Median intake (serving/day) 1.9 3.0 3.9 5.0 7.0  — —
No of cases/person years 134/69 418 127/69 475 96/69 472 112/69 480 107/69 543  —  —
Model 1 1 0.94 (0.73 to 1.20) 0.72 (0.55 to 0.93) 0.81 (0.63 to 1.04) 0.77 (0.60 to 1.00) 0.04 0.95 (0.91 to 1.00)
Model 2 1 0.93 (0.72 to 1.19) 0.71 (0.54 to 0.94) 0.80 (0.61 to 1.05) 0.76 (0.57 to 1.01) 0.05 0.95 (0.90 to 1.00)
Postmenopausal cases
Median intake (serving/day) 1.9 3.0 3.9 5.0 7.1  —  —
No of cases/person years 143/53 312 119/53 366 130/53 333 128/53 278 120/53 195  — —
Model 1 1 0.83 (0.65 to 1.07) 0.91 (0.71 to 1.15) 0.89 (0.70 to 1.14) 0.83 (0.65 to 1.06) 0.27 0.98 (0.93 to 1.02)
Model 2 1 0.81 (0.63 to 1.04) 0.85 (0.66 to 1.09) 0.83 (0.64 to 1.08) 0.79 (0.60 to 1.04) 0.17 0.97 (0.92 to 1.02)
*See table 3.
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cancer (0.91, 0.69 to 1.19; Ptrend=0.55). Average of adoles-
cent and early adulthood vegetable intake was associ-
ated with lower risk of premenopausal breast cancer 
(0.74, 0.55 to 0.98; Ptrend=0.05) but not lower risk of over-
all breast cancer (0.85, 0.71 to 1.03; Ptrend=0.18) or post-
menopausal breast cancer (0.93, 0.71 to 1.22; Ptrend=0.63).

Cumulative average of premenopausal fruit and 
vegetable intake and risk of breast cancer
When we examined cumulative average of premeno-
pausal fruit intake, we observed similar risk estimates 
among all women (hazard ratio (for highest v lowest 
fifth of intake) 0.91, 95% confidence interval 0.81 to 1.03; 

Ptrend=0.05), for premenopausal breast cancer (0.96, 
0.82 to 1.14; Ptrend=0.57), and for postmenopausal breast 
cancer (0.87, 0.71 to 1.07; Ptrend=0.12). Cumulative aver-
age of premenopausal vegetable intake was not associ-
ated with risk of breast cancer (data not shown). 
Cumulative average of fruit juice intake before meno-
pause, however, was positively associated with risk of 
premenopausal breast cancer (1.18, 1.01 to 1.39; 
Ptrend=0.06).

Sensitivity analyses
The difference in the associations for tumors positive 
for both estrogen and progesterone receptors, negative 
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Apple sauce
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Apple juice
Orange juice

Other juices

1.04 (0.97 to 1.12)
0.96 (0.89 to 1.04)
0.81 (0.70 to 0.95)

0.98 (0.69 to 1.40)

1.01 (0.94 to 1.07)

0.91 (0.84 to 0.98)
0.90 (0.75 to 1.08)
0.96 (0.88 to 1.05)
0.93 (0.87 to 0.99)
0.96 (0.87 to 1.06)
0.91 (0.77 to 1.07)
0.99 (0.93 to 1.05)
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0.97 (0.92 to 1.03)
1.00 (0.95 to 1.05)

0.99 (0.85 to 1.16)
0.98 (0.84 to 1.13)
0.96 (0.89 to 1.03)
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1.01 (0.96 to 1.06)
1.09 (0.98 to 1.21)
0.99 (0.95 to 1.04)
1.09 (1.00 to 1.18)
0.92 (0.84 to 1.01)
1.07 (0.94 to 1.20)
0.99 (0.70 to 1.41)
1.06 (0.95 to 1.18)
1.09 (0.98 to 1.20)
1.05 (0.91 to 1.20)
0.96 (0.76 to 1.20)
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0.83 (0.67 to 1.04)
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0.88 (0.72 to 1.09)
0.97 (0.92 to 1.02)
1.03 (0.94 to 1.12)
0.95 (0.88 to 1.02)
0.70 (0.53 to 0.92)
1.01 (0.88 to 1.17)
1.00 (0.96 to 1.04)
0.92 (0.77 to 1.10)
0.90 (0.76 to 1.07)
0.98 (0.92 to 1.04)
0.97 (0.90 to 1.04)
0.98 (0.94 to 1.02)
0.88 (0.73 to 1.07)
0.96 (0.84 to 1.10)
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Fig 1 | Multivariate hazard ratios for every two servings/week of specific fruits and vegetables during adolescence and early adulthood and risk of breast 
cancer
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for both estrogen and progesterone receptors, and 
estrogen receptor positive and progesterone receptor 
negative was significant only for adolescent but not 
early adulthood total fruit intake (table 11). The inverse 
association with adolescent fruit intake was stronger 
for both estrogen and progesterone receptor negative 
cancers (hazard ratio 0.70, 95% confidence interval 

0.57 to 0.86, per serving/day) compared with both 
estrogen and progesterone receptor positive cancers 
(0.91, 0.83 to 1.00) and estrogen receptor positive and 
progesterone receptor negative (1.03, 0.82 to 1.29) (Phet-

erogeneity=0.02). Associations between total vegetable 
intake and risk of breast cancer did not differ signifi-
cantly by estrogen and progesterone receptor positive 

Table 8 | Hazard ratios and 95% confidence intervals for breast cancer in two models* according to fifths of intake of vegetables during early adulthood 
among women in the Nurses’ Health Study II

Fifth of intake
Ptrend† Per serving/day1 2 3 4 5

All cases
Median intake (serving/day) 1.1 1.8 2.5 3.3 4.8  —  —
No of cases/person years 639/376 975 626/377 037 691/376 930 613/377 098 666/376 953  — —
Model 1 1 0.95 (0.85 to 1.06) 1.04 (0.93 to 1.16) 0.90 (0.81 to 1.01) 0.96 (0.86 to 1.07) 0.35 0.99 (0.96 to 1.01)
Model 2 1 0.92 (0.82 to 1.03) 1.01 (0.90 to 1.13) 0.89 (0.79 to 1.00) 0.97 (0.86 to 1.09) 0.62 0.99 (0.96 to 1.02)
Premenopausal cases
Median intake (serving/day) 1.1 1.8 2.4 3.2 4.8  — —
No of cases/person years 354/235 931 300/235 984 366/236 006 349/236 218 350/236 229  — —
Model 1 1 0.82 (0.70 to 0.95) 0.97 (0.84 to 1.13) 0.92 (0.80 to 1.07) 0.90 (0.78 to 1.05) 0.59 0.99 (0.95 to 1.03)
Model 2 1 0.79 (0.68 to 0.93) 0.95 (0.82 to 1.11) 0.91 (0.78 to 1.07) 0.90 (0.76 to 1.06) 0.67 0.99 (0.95 to 1.03)
Postmenopausal cases
Median intake (serving/day) 1.1 1.9 2.5 3.3 4.9  — —
No of cases/person years 234/106 123 253/106 190 222/106 187 221/106 073 239/106 042 — —
Model 1 1 1.05 (0.88 to 1.26) 0.93 (0.77 to 1.12) 0.93 (0.77 to 1.11) 0.99 (0.82 to 1.18) 0.58 0.99 (0.94 to 1.03)
Model 2 1 1.01 (0.84 to 1.21) 0.90 (0.74 to 1.09) 0.89 (0.73 to 1.09) 0.97 (0.80 to 1.19) 0.64 0.99 (0.94 to 1.04)
*See table 7.
†Ptrend calculated with median intake of each variable in each fifth as continuous variable.

Table 7 | Hazard ratios and 95% confidence intervals for breast cancer in two models* according to fifths of intake of fruit during early adulthood among 
women in the Nurses’ Health Study II

Fifth of intake
Ptrend† Per serving/day1 2 3 4 5

All cases
Median intake 
(serving/day)

0.2 0.5 0.9 1.3 2.1  — —

No of cases/person 
years

641/375 096 659/378 629 657/377 373 642/377 000 636/376 894  — —

Model 1 1 1.01 (0.91 to 1.13) 1.00 (0.90 to 1.11) 0.97 (0.87 to 1.08) 0.96 (0.86 to 1.07) 0.29 0.97 (0.92 to 1.02)
Model 2 1 0.99 (0.89 to 1.11) 0.98 (0.88 to 1.10) 0.96 (0.85 to 1.07) 0.96 (0.85 to 1.09) 0.46 0.98 (0.92 to 1.04)
Premenopausal cases
Median intake 
(serving/day)

0.2 0.5 0.9 1.3 2.1  —  —

No of cases/person 
years

340/237 032 345/234 894 339/236 114 342/236 389 353/235 939  —  —

Model 1 1 1.00 (0.86 to 1.16) 0.96 (0.82 to 1.12) 0.96 (0.82 to 1.11) 0.98 (0.85 to 1.14) 0.79 0.99 (0.92 to 1.06)
Model 2 1 0.99 (0.85 to 1.15) 0.96 (0.82 to 1.12) 0.96 (0.82 to 1.12) 0.99 (0.84 to 1.17) 0.94 1.00 (0.92 to 1.08)
Postmenopausal cases
Median intake 
(serving/day)

0.2 0.5 0.9 1.3 2.1  — —

No of cases/person 
years

237/105 846 231/106 794 237/105 759 245/106 175 219/106 040  —  —

Model 1 1 0.96 (0.80 to 1.15) 0.99 (0.83 to 1.19) 1.01 (0.84 to 1.21) 0.91 (0.75 to 1.09) 0.39 0.96 (0.88 to 1.05)
Model 2 1 0.95 (0.79 to 1.15) 0.98 (0.81 to 1.18) 1.00 (0.83 to 1.21) 0.91 (0.74 to 1.11) 0.46 0.97 (0.88 to 1.06)
*Model 1 stratified by age in months at state of follow-up and calendar year of current questionnaire cycle. Model 2 as for model 1 and simultaneously adjusted for race (white, non-white), family 
history of breast cancer in mother or sisters (yes, no), history of benign breast disease (yes, no), smoking (never, past, current 1-14/day, current 15-24/day, current ≥25/day), height (<157, 
157-<165, 165-<173, ≥173 cm), BMI at age 18 (<18.5, 18.5-<22.5, 22.5-<25, 25.0-<30, ≥30.0), weight change since age 18 (continuous, missing indicator), age at menarche (<12, 12, 13, ≥14), 
parity and age at first birth (nulliparous, parity ≤2 and age at first birth <25, parity ≤2 and age at first birth 25-<30, parity ≤2 and age at first birth ≥30, parity 3-4 and age at first birth <25, parity 
3-4 and age at first birth 25-<30, parity 3-4 and age at first birth ≥30, parity ≥5 and age at first birth <25, parity ≥5 and age at first birth ≥25), oral contraceptive use (never, past, current), 
alcohol intake (non-drinker, <5, 5-<15, ≥15 g/day), and energy (fifth). In postmenopausal women, we additionally adjusted for hormone use (postmenopausal never users, postmenopausal past 
users, postmenopausal current users), age at menopause (<45, 45-46, 47-48, 49-50, 51-52, ≥53). Among all women, we additionally adjusted for hormone use and menopausal status 
(premenopausal, postmenopausal never users, postmenopausal past users, postmenopausal current users, unknown menopausal status) and age at menopause (premenopausal, unknown 
menopause, <45, 45-46, 47-48, 49-50, 51-52, ≥53).
†Ptrend calculated with median intake of each variable in each fifth as continuous variable.
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or negative status for either adolescent or early adult-
hood diets (table 11).

We also examined whether the association between 
fruit or vegetable intake and risk of breast cancer dif-
fered by levels of BMI at age 18. No significant interac-
tion was observed between BMI at age 18 and either 
adolescent or early adulthood fruit and vegetable intake 
(data not shown). Also, we found no significant interac-
tion between age at baseline and early adulthood fruit 
and vegetable intake (data not shown).

Discussion
This prospective study provides evidence that greater 
consumption of fruits during adolescence is associated 
with lower risk of breast cancer. Furthermore, higher 
intake of fruits and vegetables rich in α carotene during 
early adulthood was specifically associated with lower 

risk. The associations with breast cancer differed sig-
nificantly among individual fruits and vegetables: 
greater consumption of apple, banana, and grapes 
during adolescence, as well as oranges and kale during 
early adulthood, was significantly associated with a 
reduced risk.

Strengths and weaknesses of the study
Our study has several strengths. To evaluate the impor-
tance of timing, we assessed the association between 
fruit and vegetable intake during specific life periods 
(adolescence, early adulthood, and cumulative aver-
age of the premenopausal period). The relatively large 
number of cases gave adequate power for us to detect 
modest differences in risk as well as examination of 
breast cancers by menopausal and hormone receptor 
status. Although a question was recently raised about 

Table 9 | Hazard ratios and 95% confidence intervals for breast cancer in two models* according to fifths of intake of total fruit and vegetables during 
early adulthood among women in the Nurses’ Health Study II

Fifth of intake
Ptrend† Per serving/day1 2 3 4 5

All cases
Median intake (serving/day) 1.6 2.6 3.5 4.5 6.6  — —
No of cases/person years 635/376 997 639/377 028 671/377 035 656/376 991 634/376 942  —  —
Model 1 1 0.98 (0.88 to 1.09) 1.02 (0.91 to 1.13) 0.97 (0.87 to 1.09) 0.93 (0.83 to 1.04) 0.17 0.99 (0.97 to 1.01)
Model 2 1 0.95 (0.85 to 1.06) 0.99 (0.88 to 1.11) 0.95 (0.85 to 1.07) 0.93 (0.82 to 1.06) 0.33 0.99 (0.97 to 1.01)
Premenopausal cases
Median intake (serving/day) 1.6 2.6 3.4 4.5 6.5  — —
No of cases/person years 346/235 935 313/236 063 364/236 124 341/236 115 355/236 132  —  —
Model 1 1 0.87 (0.74 to 1.01) 0.99 (0.86 to 1.15) 0.91 (0.78 to 1.06) 0.94 (0.81 to 1.09) 0.72 1.00 (0.97 to 1.02)
Model 2 1 0.85 (0.73 to 1.00) 0.98 (0.84 to 1.14) 0.90 (0.77 to 1.06) 0.95 (0.80 to 1.12) 0.87 1.00 (0.97 to 1.03)
Postmenopausal cases
Median intake (serving/day) 1.6 2.6 3.5 4.6 6.7  —  —
No of cases/person years 230/106 264 246/106 040 227/106 137 237/106 137 229/106 037  — —
Model 1 1 1.06 (0.88 to 1.27) 0.98 (0.81 to 1.18) 1.02 (0.85 to 1.22) 0.97 (0.81 to 1.17) 0.60 0.99 (0.96 to 1.02)
Model 2 1 1.02 (0.85 to 1.23) 0.96 (0.79 to 1.16) 0.99 (0.81 to 1.20) 0.97 (0.79 to 1.19) 0.71 0.99 (0.96 to 1.03)
*See table 7.
†Ptrend calculated with median intake of each variable in each fifth as continuous variable.

Table 10 | Hazard ratios and 95% confidence intervals for breast cancer in two models* according to fifths of intake of fruit juice during early adulthood 
among women in the Nurses’ Health Study II

Fifth of intake
Ptrend† Per serving/day1 2 3 4 5

All cases
Median intake (serving/day) 0 0.2 0.6 1.2 2.0  — —
No of cases/person years 659/399 290 631/359 799 602/363 546 680/381 851 661/379 702  — —
Model 1 1 1.11 (0.99 to 1.24) 1.04 (0.93 to 1.17) 1.13 (1.01 to 1.25) 1.13 (1.01 to 1.26) 0.05 1.05 (1.00 to 1.10)
Model 2 1 1.10 (0.98 to 1.23) 1.03 (0.92 to 1.15) 1.10 (0.98 to 1.23) 1.11 (0.99 to 1.25) 0.13 1.04 (0.99 to 1.10)
Premenopausal cases
Median intake (serving/day) 0 0.2 0.6 1.2 2.1  — —
No of cases/person years 325/237 972 333/237 215 355/233 474 352/233 467 353/237 779  —  —
Model 1 1 1.07 (0.91 to 1.24) 1.13 (0.97 to 1.32) 1.13 (0.97 to 1.32) 1.12 (0.97 to 1.31) 0.15 1.05 (0.98 to 1.12)
Model 2 1 1.07 (0.91 to 1.25) 1.12 (0.96 to 1.31) 1.12 (0.96 to 1.31) 1.12 (0.95 to 1.32) 0.21 1.04 (0.98 to 1.12)
Postmenopausal cases
Median intake (serving/day) 0 0.2 0.5 1.2 2.0  — —
No of cases/person (years) 262/122 468 207/88 494 225/106 537 247/113 306 227/99 537  —  —
Model 1 1 1.12 (0.93 to 1.34) 1.00 (0.83 to 1.19) 1.03 (0.87 to 1.23) 1.10 (0.92 to 1.32) 0.49 1.03 (0.95 to 1.12)
Model 2 1 1.11 (0.93 to 1.34) 0.98 (0.82 to 1.18) 1.02 (0.85 to 1.22) 1.08 (0.89 to 1.30) 0.68 1.02 (0.93 to 1.11)
*See table 7.
†Ptrend calculated with median intake of each variable in each fifth as continuous variable.
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the value of dietary assessments from self reported 
information,36  and refuted elsewhere,37  the question-
naire we used has documented validity,21-23  as shown 
by strong correlations between nutrient intakes 
assessed by the food frequency questionnaire and by 
weighed diet records and by many different biomarkers 
of diet.21  Also, higher intake of fruits and vegetables 
assessed by the questionnaire we used has predicted 
lower risks of diabetes22  and coronary heart disease.23  
Further, intakes of specific fruits and vegetables 
assessed by this questionnaire robustly predict plasma 
carotenoid concentrations.38

Potential limitations also need to be considered. 
First, the participants were restricted to nurses and 
predominantly white women, which could reduce gen-
eralizability; however, it is unlikely that the biology 
underlying these associations differs by race or educa-
tion.39 40  Second, adolescent diet might be misclassi-
fied because assessments were done when women 
were aged 33-52. The associations, however, were 
largely independent of adult diet, and comparisons of 
diet recorded during adolescence and our question-
naire administered 10 years later showed good valid-
ity.29 Further, because diet was assessed before 
diagnosis, misclassification would tend to obscure, not 
cause, associations. Third, residual confounding is 
possible as women who eat a lot of fruit and vegetables 
might have healthier lifestyles. Adjustment for poten-
tial confounders, including other aspects of diet, how-
ever, had minimal effects on associations. Fourth, our 
observation of borderline significant association 
between early adulthood intake of fruits and vegeta-
bles rich in α carotene and breast cancer warrants 

cautious interpretation. Fifth, while adolescent fruit 
consumption was inversely associated with risk, early 
adulthood fruit consumption was non-significantly 
inversely associated with risk. Whereas the results are 
not entirely consistent, they are in line with the hypoth-
esis that breast tissue is more vulnerable to carcino-
genic exposure in earlier life than later. Sixth, we made 
multiple comparisons (different food groups; premeno-
pausal and postmenopausal subgroups, and subtype 
of tumors) in this analysis, and we cannot exclude the 
possibility of type I errors. The central finding of an 
association with fruits and vegetables, however, was 
the primary a priori hypothesis, the other analyses 
were directed to an understanding of this association.

Results in relation to other studies
Fruit and vegetable intake has been hypothesized to 
protect against breast cancer, but the overall evidence 
is conflicting. Although the European Prospective 
Investigation into Cancer and Nutrition (EPIC) study 
with about 330 000 women from 10 European countries 
found no association between consumption of fruits 
and vegetables and risk of breast cancer,16  a recent 
pooled analysis including 993 466 women from 20 pro-
spective cohort studies, which included NHSII, suggests 
that the associations with fruit and vegetable intake 
varied depended on breast cancer hormone receptor 
status; modest inverse associations were apparent only 
for vegetable intake and estrogen receptor negative 
breast cancer.17 Our current results show that high fruit 
intake during adolescence is associated with reduced 
overall risk, with stronger results for both estrogen and 
progesterone receptors negative tumors.

Table 11 | Adolescent and early adult intake of fruits and vegetables in relation to risk of breast cancer by estrogen and progesterone receptor status 
among women in Nurses’ Health Study II
Breast cancer subtype No of cases HR (95% CI)* P value for heterogeneity
Adolescent total fruit intake (serving/day)
Estrogen and progesterone receptor positive 722 0.91 (0.83 to 1.00)

0.02Estrogen and progesterone receptor negative 165 0.70 (0.57 to 0.86)
Estrogen receptor positive and progesterone receptor negative 111 1.03 (0.82 to 1.29)
Early adulthood total fruit intake (serving/day)
Estrogen and progesterone receptor positive 1634 0.95 (0.88 to 1.03)

0.78Estrogen and progesterone receptor negative 435 0.98 (0.85 to 1.13)
Estrogen receptor positive and progesterone receptor negative 251 0.90 (0.74 to 1.09)
Adolescent total vegetable intake (serving/day)
Estrogen and progesterone receptor positive 722 0.93 (0.87 to 1.00)

0.19Estrogen and progesterone receptor negative 165 0.91 (0.79 to 1.05)
Estrogen receptor positive and progesterone receptor negative 111 1.09 (0.93 to 1.28)
Early adulthood total vegetable intake (serving/day)
Estrogen and progesterone receptor positive 1634 0.97 (0.93 to 1.01)

0.91Estrogen and progesterone receptor negative 435 0.97 (0.90 to 1.05)
Estrogen receptor positive and progesterone receptor negative 251 0.99 (0.90 to 1.10)
*Multivariable model stratified by age in months at start of follow-up and calendar year of current questionnaire cycle and was simultaneously adjusted for race (white, non-white), family history 
of breast cancer in mother or sisters (yes, no), history of benign breast disease (yes, no), smoking (never, past, current 1-14/day, current 15-24/day, current ≥25/day), height (<157, 157-<165, 
165-<173, ≥173 cm), BMI at age 18 (<18.5, 18.5-<22.5, 22.5-<25, 25.0-<30, ≥30.0), weight change since age 18 (continuous, missing indicator), age at menarche (<12, 12, 13, ≥14), parity and age 
at first birth (nulliparous, parity ≤2 and age at first birth <25, parity ≤2 and age at first birth 25-<30, parity ≤2 and age at first birth ≥30, parity 3-4 and age at first birth <25, parity 3-4 and age at 
first birth 25-<30, parity 3-4 and age at first birth ≥30, parity ≥5 and age at first birth <25, parity ≥5 and age at first birth ≥25), oral contraceptive use (never, past, current), alcohol intake 
(non-drinker, <5, 5-<15, ≥15 g/day), and energy (fifth). In postmenopausal women, we additionally adjusted for hormone use (postmenopausal never users, postmenopausal past users, 
postmenopausal current users), age at menopause (<45, 45-46, 47-48, 49-50, 51-52, ≥53). Among all women, we additionally adjusted for hormone use and menopausal status (premenopausal, 
postmenopausal never users, postmenopausal past users, postmenopausal current users, unknown menopausal status) and age at menopause (premenopausal, unknown menopause, <45, 
45-46, 47-48, 49-50, 51-52, ≥53). For adolescent fruit and vegetable intake, we additionally adjusted for adolescent alcohol intake (non-drinker, <5, ≥5 g/day) and adolescent energy intake 
(instead of adult energy intake).
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Biological plausibility
Several bioactive components in fruits and vegeta-
bles, such as carotenoids, vitamin C, flavonoids, fiber, 
magnesium, and potassium, could act through multi-
ple mechanisms to promote a beneficial effect on risk 
of breast cancer.1-41  Our own study using data from 
NHSII indicated that high intake of fiber during ado-
lescence and early adulthood was associated with 
decreased risk in later life.3  Furthermore, a meta-anal-
ysis of 16 prospective studies showed an inverse asso-
ciation between fiber intake and risk.41  We found 
differences in the results for adolescent fruit intake 
when we additionally adjusted for fiber. The associa-
tion, however, was still significant and suggests there 
might be other mechanisms in addition to fiber 
through which fruit consumption could reduce risk. 
Further, we noted inverse associations for intake of 
fruits and vegetables rich in α carotene during early 
adulthood and risk of breast cancer. The Nurses’ 
Health Study also reported a lower risk of estrogen 
receptor negative breast cancer with high intake of 
yellow/orange vegetables.42  Although individual 
studies did not observe an association between 
dietary and circulating vitamin C or carotenoids and 
breast cancer,43-45  a recent pooled analysis of eight 
prospective studies found that higher circulating lev-
els of carotenoids were associated with decreased 
risk, with stronger associations for estrogen receptor 
negative tumors.2  Further analyses of dietary α and β 
carotene intake in another pooled analysis suggested 
protective effects of carotenoids for estrogen receptor 
negative breast cancer.46 Our findings suggest that 
high intake of fruits and vegetables rich in carot-
enoids in early adulthood could be associated with a 
decreased risk of breast cancer.

Conclusions
In summary, our findings suggest that high intake of 
fruit during adolescence could be associated with a 
lower risk of breast cancer. The consumption of fruits 
and vegetables rich in α carotene might be particularly 
important. We also observed that the associations 
between adolescent fruit intake and breast cancer dif-
fered by hormone receptor status, with a stronger 
inverse association for both estrogen and progesterone 
receptor negative cancer. We noted that 2.9 servings/day 
fruit consumption (highest fifth) during adolescent 
compared with 0.5 serving/day (lowest fifth) was asso-
ciated with about a 25% lower risk of breast cancer. If 
this apparent risk reduction is applied to lifetime risk of 
breast cancer, the absolute number of breast cancers 
that could potentially be prevented by higher intake of 
fruits would be substantial. Also, in decisions about 
fruit consumption, other consequences should be con-
sidered, and these include lower risks of diabetes and 
cardiovascular disease. Our findings are in line with 
cancer prevention recommendations47 to consume 
more fruits and vegetables and support the adoption of 
these behaviors in early life. Further study of the rela-
tion between diet in early life and risk of breast cancer 
is needed.
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