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Events before puberty may affect adult risk of breast cancer. We
examined whether diet during preschool age may affect a woman’s risk of breast cancer later in life. We conducted a case-control study including 582 women with breast cancer and 1,569 controls free of breast cancer selected from participants in the
Nurses’ Health Study and the Nurses’ Health Study II. Information concerning childhood diet of the nurses at ages 3–5 years was
obtained from the mothers of the participants with a 30-item foodfrequency questionnaire. An increased risk of breast cancer was
observed among woman who had frequently consumed French
fries at preschool age. For one additional serving of French fries
per week, the odds ratio (OR) for breast cancer adjusted for adult
life breast cancer risk factors was 1.27 (95% confidence interval
[CI] 5 1.12–1.44). Consumption of whole milk was associated with
a slightly decreased risk of breast cancer (covariate-adjusted OR
for every additional glass of milk per day 5 0.90; 95% CI 5 0.82–
0.99). Intake of none of the nutrients calculated was related to the
risk of breast cancer risk in this study. These data suggest a possible association between diet before puberty and the subsequent
risk of breast cancer. Differential recall of preschool diet by the
mothers of cases and controls has to be considered as a possible
explanation for the observed associations. Further studies are
needed to evaluate whether the association between preschool diet
and breast cancer is reproducible in prospective data not subject
to recall bias.
' 2005 Wiley-Liss, Inc.
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Factors during early life may play a role in the etiology of
chronic disease. Fetal nutrition and infant growth seem to be predictive of adult risk of cardiovascular disease, hypertension, diabetes, and obesity.1–5 In addition, maternal weight and diet during
pregnancy, possibly mediated by fetal malnutrition, have been
related to coronary heart disease.6,7 Similarly, nutrition in early
life is linked to later heart disease.8,9
A high birthweight has been associated with the risk of breast
cancer in a number of studies,10–20 but whether this association
operates through fetal nutrition, hormonal factors or other mechanisms has not been resolved. Breast tissue is largely undifferentiated until puberty and may be particularly susceptible to
carcinogenic influences during that age period.21,22 Migrant studies
indicate that rates of breast cancer change after migration primarily
affecting the next generation and thus are compatible with modulation of risk during early life.23–25 The impact of radiation exposure
at a young age on breast cancer risk as an adult lends further support
to the existence of a susceptible time period in early life.26–28
DeWaard and Trichopoulos29 and Willett30 have proposed that
an energy-rich diet during puberty and adolescence affects the
growth of mammary glands and enhances the occurrence of precancerous lesions. The observation that women who experienced
the World War II famine in Norway during puberty had a reduced
risk of breast cancer later in life supports the importance of diet—
whether composition or total energy intake—during early life.31
A number of breast cancer risk factors, such as tallness,32 body
size,32,33 rapid growth during childhood34 and early age at menarche,35
Publication of the International Union Against Cancer

are affected, at least in part, by childhood diet. Although taller
final height,36 an early age at peak growth34 and an early age at
menarche35 are associated with an increase in the risk of breast
cancer in adulthood, a high childhood body mass is inversely
related to the risk of breast cancer.33,37,38
Our present study explores the role of diet during preschool age
on future risk of breast cancer. Information on preschool diet was
gathered from the mothers of participants of the Nurses’ Health
Study and the Nurses’ Health Study II.
Population and methods
The Nurses’ Mothers’ Study is a case-control study nested in
2 prospective cohort studies, the Nurses’ Health Study (NHS) and
the Nurses’ Health Study II (NHS II). These cohorts consist of
121,700 and 116,678 female registered nurses, respectively, born
between 1921–1965. For both cohorts, biennial self-administered
questionnaires provide updated information on demographic,
anthropometric, and lifestyle factors and on newly diagnosed diseases, including breast cancer.
Documentation of breast cancer
On each biennial questionnaire we ask whether breast cancer
has been diagnosed and, if so, the date of diagnosis. We also routinely search the National Death Index for deaths among women
who did not respond to the questionnaires. We ask women who
report breast cancer (or next of kin, for those who have died without reporting the incident disease) for permission to review the relevant hospital records to confirm the diagnosis. Pathology reports
confirmed a breast cancer diagnosis among >99% of participants
for whom records could be obtained. The analysis presented in this
paper was restricted to cases of invasive breast cancer.
The Nurses’ Mothers’ Study
Details of the Nurses’ Mothers’ Study have been described elsewhere.9 Briefly, in 1993 participants in the Nurses’ Health Studies
who had been diagnosed with incident breast cancer up to 1993
and had not reported the death of their mother on a previous questionnaire were identified, and 2 participants free of breast cancer
at that time who belonged to the same cohort were matched to
each case by year of birth. Matching occurred before it was known
whether the mother was alive and able to participate. Because
some mothers had died or were unable to participate, matching
was incomplete for a substantial number of cases and controls. Of
mothers still living and able to participate, 91% completed and
returned our questionnaire. The study population consisted of 582
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nurses with invasive breast cancer and 1,569 nurses free of breast
cancer in 1993.
The mothers were asked to complete a mailed, self-administered questionnaire on perinatal and early life events of their
nurse-daughter including information on foods consumed by the
daughter during preschool years. The mothers were asked how
often their nurse-daughter ate or drank an average serving of any
of the 30 food items listed on the questionnaire when she was 3–
5 years old. The dietary part of the questionnaire was structured
like a semiquantitative food-frequency questionnaire (FFQ).39
Information on adult breast cancer risk factors was assembled
from the large databases already established for each of the two
ongoing cohort studies. These variables had been reported by the
nurses themselves and included year of birth, age at menarche,
parity, age at first birth, height and weight. Data ascertained at
baseline before diagnosis of breast cancer among the cases, were
used in the analysis (1976 for NHS and 1989 for NHS II). A family history of breast cancer was available from the nurses’ reports
(mother or sisters with breast cancer) as well as from the mothers’
reports (mother herself, grandmothers, or aunts with breast
cancer). We created a variable indicating first- or second-degree
relative(s) with breast cancer.
Fels Longitudinal Study diet assessment validation
The validity of the dietary information provided by the mothers
in the present study could not be directly assessed. To address this
problem, we conducted a small validation study in a similar population, the Fels Longitudinal Study. We sampled 33 female Fels
participants born between 1929–195040 for whom 7-day diet
records were kept by their mothers when these participants were
3–6 years old.41 In 1997, we mailed the food questionnaire used in
the Nurses’ Mothers’ Study to the respective Fels mothers asking
them to recall their daughters’ diet during preschool age. The
mothers’ ages in Fels ranged from 60–93 years. We obtained 29
completed diet questionnaires from the mothers. Spearman correlations of mean daily consumption of foods reported by the mothers on the 7-day diet records and on the FFQ were 0.46 (p 5 0.02)
for whole milk, 0.37 (p 5 0.07) for broccoli and 0.36 (p 5 0.07)
for French fries.
Statistical analysis
Frequencies of intake of the individual foods as specified on the
questionnaire were converted into servings/day (e.g., number of
glasses of milk per day) or servings/week depending on the food
and used as continuous variables.
For 718 nurses, complete data on the frequencies of food intake
were available, but for 1,433 participants, data were missing or the
mother did not remember the frequency of intake of one or more
food items. On average, mothers marked the ‘‘don’t remember’’
option for 8.5% of food items and left 3.8% of food items blank.
Overall, the proportion of missingness (blanks and don’t remember) ranged from 4.5% (for milk) to 21% (for cheese).
Multiple imputation was used to account for dietary data not
observed.42–44 Multiple imputation replaces each missing value
with a number of acceptable values representing a distribution of
possibilities. We created 5 imputed data sets by replacing missing
values with draws from the conditional distribution of the missing
values given the observed values. Each of the 5 imputed data sets
was analyzed as if it were complete; the results from the 5 data
sets were then combined in a manner that takes account of both
the between-imputation and within-imputation variability. The
multiple imputation method used in the present analysis does not
involve sampling of the parameter values in the imputation model
but assumes that the parameter estimates are known without error,
and are therefore not changed at each imputation by adding error
to them.44
Nutrients were calculated from nutrient composition tables for
the year the nurse was 3 years old; using these tables from 1929–
1970 captured changes in the fortification of foods during this time

period when calculating nutrient intake. Nutrient residuals were
obtained by regressing nutrient intake on the log scale on meancentered log values of energy intake and exponentiating the resulting residuals. The risk of breast cancer among women in the highest quintile of nutrient intake was compared to that among women
in the lowest quintile. Nutrient intake was also considered as a
continuous variable, and the risk of breast cancer was estimated
per one standard deviation increase in the particular nutrient using
continuous residuals divided by their standard deviation.
Odds ratios (OR) were obtained using unconditional logistic
regression models. The association between food consumption
and breast cancer was estimated for each individual food item, for
combinations of foods, and for nutrients. Regression models
included adult risk factors for breast cancer obtained from the
Nurses’ Health Studies’ questionnaires: year of birth, age at
menarche, parity, age at first birth, family history of breast cancer
and body mass index (BMI) in 1976 for NHS and in 1989 for
NHS II.
Results
Characteristics of the 582 breast cancer cases and 1,569 controls
are listed in Table I. Among cases, 63% were premenopausal at
diagnosis, 27% were postmenopausal, and 10% were of uncertain
menopausal status. Older age at menarche, higher parity, and
younger age at first birth were associated with reduced risk of
breast cancer in this population. Higher BMI at baseline was assoTABLE I – ADULT CHARACTERISTICS OF PARTICIPANTS OF THE NURSES’
HEALTH STUDY AND THE NURSES HEALTH STUDY II WITH BREAST
CANCER (CASES) AND WITHOUT BREAST CANCER (CONTROLS) WHOSE
MOTHER PARTICIPATED IN THE NURSES’ MOTHERS STUDY
Characteristic

Cases (n 5 582)
No.

NHSI
461
NHSII
121
Birth year
1921–1925
16
1926–1930
68
1931–1935
105
1936–1940
121
1941–1945
136
1946–1950
70
1951–1955
40
1956–1960
20
1961–1963
6
1
Age at menarche
<511
134
12
167
13
179
14
71
151
27
Parity
Nulliparous
69
1
59
2
199
3
155
41
100
Age at first birth
<524
290
25–29
183
301
40
Body Mass Index1
<521
217
21.1–23
165
23.1–25
99
25.1–29
66
>29
35
Family history of breast cancer
No
480
Yes
102

Controls (n 5 1,569)

%

No.

%

79
21

1303
266

83
17

3
12
18
21
23
12
7
3
1

93
176
307
347
331
169
86
47
13

6
11
20
22
21
11
5
3
1

23
29
31
12
5

371
427
461
182
117

24
27
30
12
8

12
10
34
27
17

174
133
500
405
357

11
8
32
26
23

57
36
8

859
437
99

62
31
7

37
28
17
11
6

437
470
269
232
156

28
30
17
15
10

82
18

1395
174

89
11

1
Numbers do not always add up to the entire study population
because of missing information on some variables.
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ciated with a lower risk of breast cancer among these mostly
premenopausal women. Family history of breast cancer was associated with increased breast cancer risk. The median year of birth
of the mothers was 1914 for case mothers and 1913 for control
mothers.
The results of the logistic regression analysis for all individual
foods are provided in Table II. Regular consumption of French
fries was associated with a significantly increased risk of breast
cancer, with an OR of 1.27 for one additional serving/week (95%
CI 5 1.12–1.44). A slightly decreased risk of breast cancer was
apparent for regular consumption of whole milk, although the
association was of borderline statistical significance (OR per additional glass of whole milk/day 5 0.90; 95% CI 5 0.82–0.99).
Broccoli consumption was associated with an elevated OR for
breast cancer of borderline statistical significance in the unadjusted analysis (OR 5 1.24; 95% CI 5 0.98–1.57), but the association was attenuated after covariate-adjustment (OR 5 1.16; 95%
CI 5 0.91–1.47).
Among covariates, the most notable correlations with foods
were found for year of birth, possibly reflecting time trends in the
availability of certain foods (the consumption of ice cream, orange
juice, hot dogs, and French fries became more common over time,
consumption of other types of potatoes became less common) or
changes in habits (margarine partly replaced butter, and cod
liver oil became less popular over time and was increasingly
replaced by vitamin supplements). Changes in estimates from the
covariate-adjusted analysis compared to the unadjusted regression

TABLE II – OR AND 95% CI OF ADULT BREAST CANCER AMONG
PARTICIPANTS OF THE NURSES’ HEALTH STUDY AND THE
NURSES’ HEALTH STUDY II WHOSE MOTHER PARTICIPATED
IN THE NURSES’ MOTHERS STUDY1

Servings/day
Whole milk
Skim or lowfat milk
Cheese
Margarine
Butter
Apples
Oranges
Orange juice
Eggs
Ground beef
Meat as main dish
Meat as sandwich or
mixed dish
Bread
Potatoes
Cereal
Cookies
Multiple vitamins
Cod liver oil
Servings/week
Ice cream
Cabbage/coleslaw
Broccoli
Raw carrots
Cooked carrots
Cooked spinach
Hot dogs
Chicken
Fish/tuna
Liver
Rice
French fries

Adjusted2

Unadjusted

Food
OR

95% CI

OR

95% CI

0.91
1.04
1.07
1.03
0.93
0.94
1.09
0.95
0.98
1.33
0.76
0.81

0.83–1.00
0.83–1.29
0.77–1.49
0.94–1.13
0.86–1.01
0.65–1.36
0.75–1.58
0.74–1.22
0.62–1.57
0.76–2.32
0.47–1.22
0.48–1.36

0.90
1.06
1.04
1.03
0.94
0.97
1.02
0.85
1.11
1.44
0.75
0.85

0.82–0.99
0.84–1.33
0.78–1.39
0.94–1.14
0.87–1.02
0.67–1.42
0.70–1.49
0.65–1.10
0.69–1.80
0.81–2.57
0.46–1.22
0.49–1.46

0.96
0.98
1.03
1.06
0.89
0.90

0.88–1.06
0.63–1.54
0.73–1.45
0.95–1.19
0.66–1.21
0.62–1.33

0.98
1.06
0.97
1.06
0.77
1.03

0.89–1.08
0.66–1.69
0.67–1.42
0.94–1.19
0.55–1.06
0.68–1.55

1.06
1.03
1.24
1.01
1.05
0.95
0.95
0.99
1.09
0.91
1.02
1.27

0.98–1.15
0.87–1.22
0.98–1.57
0.95–1.08
0.97–1.14
0.84–1.07
0.83–1.09
0.89–1.09
0.97–1.22
0.61–1.37
0.91–1.14
1.13–1.43

1.04
1.10
1.16
1.00
1.05
0.96
0.96
0.99
1.08
1.07
1.03
1.27

0.96–1.13
0.92–1.31
0.91–1.47
0.94–1.08
0.97–1.15
0.88–1.04
0.83–1.10
0.89–1.09
0.96–1.21
0.70–1.63
0.92–1.15
1.12–1.44

1
Per serving increase of foods/day or week consumed at preschool
age. OR, odds ratio; CI, confidence interval.–2Adjusted for year of
birth, age at menarche, parity, age at first birth, family history of
breast cancer, and adult body mass index.
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model are accounted for mainly by adjustment for year of birth
(Table II).
The estimates changed for some foods considerably after adjusting for all covariates. After controlling for other covariates, primarily year of birth, we found that the association of breast cancer
risk with broccoli consumption was attenuated, whereas the estimates for consumption of orange juice, cabbage and ground beef
where somewhat strengthened. The strongest changes in the odds
ratios after covariate adjustment were for broccoli and liver consumption; these 2 foods were the least frequently consumed during
childhood, and therefore these estimates were the least stable. The
estimates for French fries (OR 5 1.27; 95% CI 5 1.12–1.44) and
for milk (OR 5 0.90; 95% CI 5 0.82–0.99) did not change appreciably after covariate adjustment.
Foods associated with breast cancer risk were considered
together in a multiple regression model unadjusted for non-dietary
covariates to explore the independent contribution of each food.
French fries were paired with ground beef to capture a fast food
dietary pattern (French fries: OR 5 1.27; 95% CI 5 1.12–1.43),
milk (French fries: OR 5 1.27; 95% CI 5 1.13–1.43), and broccoli (French fries: OR 5 1.27; 95% CI 5 1.13–1.43). The results
indicated that the association between consumption of French fries
and risk of breast cancer was not explained by consumption of any
of the other 3 foods. The relation of ground beef consumption with
breast cancer risk was somewhat diminished by the inclusion of
French fries, indicating that the 2 foods might have been customarily consumed together (ground beef: OR 5 1.12; 95% CI 5
0.64–1.97). The consumption of milk and French fries was not
strongly correlated (whole milk: OR 5 0.91; 95% CI 5 0.83–
1.00) nor was that of broccoli and French fries (broccoli: OR 5
1.22; 95% CI 5 0.97–1.54).
The distributions of caloric nutrient intake were within the
range reasonable for girls of preschool age (Table III). No important relation between intake of any of the calculated nutrients and
risk of breast cancer was observed in this study (Table III).
Discussion
In our study, which was embedded in the 2 Nurses’ Health
Studies, we found a significant association between frequent consumption of French fries during preschool age as reported by the
mothers of the study participants and breast cancer risk later in
life. For one additional serving of French fries per week during
their preschool years, women had a 27% increased risk of breast
cancer when they were adults. Although consumption of milk and
broccoli were marginally associated with adult breast cancer risk,
no other food or nutrient appeared as strongly correlated with
adult breast cancer risk as did French fries. As consumption of
potatoes themselves was not associated with the risk of breast cancer, the preparation of French fries, namely the use of frying fat
high in saturated fats and trans-fatty acids, may be of relevance.
During the period of exposure spanning the years 1924–1970,
preparation of French fries changed: solid shortening was used in
the earlier years, and hydrogenated oils were used in later years.
French fries have also been found to contain acrylamide, an industrial chemical that has been classified as a likely human carcinogen due to its DNA-reactive mechanism but was not related to
breast cancer in a Swedish study.45,46
Frequent consumption of French fries did not seem to be a
marker of ‘‘fast food’’ habits, because we did not observe a similar association of breast cancer risk with frequent consumption of
hot dogs or ground beef. Consumption of French fries, however,
could be a marker of a dietary pattern that we might not have been
able to detect because we assessed only a limited number of foods
with our diet questionnaire.
To our knowledge, no other data on the association between
preschool diet and breast cancer risk are available. The role of
childhood or adolescent diet recalled by the participants themselves has been explored in four case-control studies and two

Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR
Mean intake
Unadjusted OR
Covariate–adjusted OR

Parameter

558
1.0
1.0
23.3
1.0
1.0
53.9
1.0
1.0
2.5
1.0
1.0
19.3
1.0
1.0
10.7
1.0
1.0
1.5
1.0
1.0
2.7
1.0
1.0
3.3
1.0
1.0
59.2
1.0
1.0
2,086
1.0
1.0
678
1.0
1.0
15.7
1.00
1.00
1.19
1.00
1.00
2.54
1.00
1.00

Q1

830
1.11 (0.82–1.51)
1.15 (0.84–1.59)
35.6
1.19 (0.87–1.62)
1.21 (0.89–1.66)
81.3
0.90 (0.66–1.22)
0.88 (0.64–1.22)
4.7
1.03 (0.75–1.40)
1.03 (0.75–1.42)
31.6
0.94 (0.70–1.30)
0.93 (0.68–1.28)
17.8
1.09 (0.81–1.48)
1.19 (0.86–1.65)
2.4
0.93 (0.68–1.27)
0.96 (0.69–1.34)
4.5
0.92 (0.68–1.26)
0.92 (0.67–1.27)
6.4
1.03 (0.75–1.41)
1.08 (0.78–1.49)
96.2
1.04 (0.76–1.41)
1.04 (0.75–1.44)
4282
0.98 (0.72–1.34)
1.00 (0.72–1.37)
1623
1.00 (0.73–1.37)
1.02 (0.74–1.42)
41.4
1.04 (0.76–1.42)
1.10 (0.79–1.53)
1.94
1.09 (0.80–1.49)
1.09 (0.83–1.58)
3.89
0.78 (0.57–1.07)
0.82 (0.59–1.14)

Q2

1,019
0.9 (0.67–1.22)
0.91 (0.67–1.25)
44.1
1.09 (0.81–1.48)
1.12 (0.82–1.52)
101.3
0.97 (0.71–1.32)
0.96 (0.69–1.34)
7.1
1.04 (0.76–1.42)
1.09 (0.79–1.50)
40.2
1.11 (0.81–1.51)
1.07 (0.77–1.48)
22.9
1.35 (0.99–1.84)
1.38 (0.97–1.95)
3.2
0.81 (0.59–1.10)
0.83 (0.59–0.16)
5.8
0.97 (0.72–1.32)
0.94 (0.68–1.29)
9.0
0.92 (0.67–1.25)
0.96 (0.70–1.32)
125.6
0.93 (0.68–1.26)
0.95 (0.69–1.32)
6555
0.87 (0.64–1.19)
0.89 (0.65–1.22)
2596
0.82 (0.60–1.11)
0.82 (0.60–1.13)
69.0
1.06 (0.77–1.45)
1.25 (0.89–1.75)
2.55
1.03 (0.76–1.39)
1.01 (0.73–1.41)
4.83
0.87 (0.63–1.19)
0.92 (0.65–1.30)

Q3

1,198
1.15 (0.84–1.57)
1.19 (0.87–1.65)
51.8
1.02 (0.76–1.38)
1.05 (0.78–1.43)
120.1
0.89 (0.65–1.20)
0.91 (0.66–1.26)
11.0
0.97 (0.71–1.32)
0.98 (0.71–1.36)
48.7
1.04 (0.76–1.41)
1.03 (0.74–1.43)
27.6
1.07 (0.79–1.45)
1.14 (0.87–1.78)
4.1
1.18 (0.86–1.62)
1.18 (0.83–1.68)
7.3
1.03 (0.76–1.41)
0.98 (0.71–1.37)
12.9
0.97 (0.71–1.33)
1.03 (0.74–1.43)
157.9
1.07 (0.78–1.47)
1.17 (0.84–1.63)
8927
1.00 (0.73–1.37)
0.96 (0.69–1.33)
3926
0.84 (0.61–1.14)
0.85 (0.62–1.17)
94.3
0.82 (0.60–1.11)
0.92 (0.66–1.30)
3.23
0.89 (0.66–1.20)
0.84 (0.60–1.18)
5.70
0.98 (0.71–1.35)
1.07 (0.74–1.52)

Q4

1,466
1.02 (0.75–1.39)
1.06 (0.77–1.46)
63.8
1.15 (0.85–1.56)
1.21 (0.88–1.64)
150.0
0.94 (0.69–1.28)
0.97 (0.70–1.35)
18.7
0.92 (0.68–1.25)
0.92 (0.67–1.27)
62.3
1.09 (0.80–1.49)
1.05 (0.75–1.48)
35.4
1.18 (0.87–1.61)
1.24 (0.87–1.78)
6.4
0.85 (0.63–1.16)
0.83 (0.58–1.19)
12.2
0.87 (0.64–1.18)
0.85 (0.62–1.18)
19.6
0.78 (0.58–1.06)
0.81 (0.59–1.12)
208.7
0.79 (0.59–1.08)
0.96 (0.63–1.18)
13,597
0.85 (0.63–1.15)
0.86 (0.62–1.17)
6848
0.82 (0.60–1.11)
0.85 (0.61–1.17)
146.7
0.82 (0.60–1.11)
0.92 (0.67–1.28)
4.81
1.04 (0.77–1.41)
0.94 (0.67–1.39)
7.23
0.71 (0.52–0.97)
0.79 (0.55–1.13)

Q5

0.93 (0.84–1.02)
0.97 (0.87–1.07)

0.96 (0.87–1.06)
0.93 (0.84–1.03)

0.91 (0.83–1.00)
0.94 (0.85–1.04)

0.90 (0.82–0.99)
0.91 (0.83–1.00)

0.96 (0.87–1.06)
0.95 (0.86–1.05)

0.94 (0.85–1.03)
0.96 (0.87–1.06)

0.95 (0.86–1.04)
0.97 (0.88–1.07)

0.93 (0.85–1.02)
0.91 (0.83–1.01)

0.99 (0.90–1.09)
0.99 (0.89–1.09)

1.04 (0.95–1.15)
1.05(0.95–1.16)

1.05 (0.95–1.15)
1.04 (0.94–1.15)

0.99 (0.89–1.09)
0.99 (0.89–1.10)

0.99 (0.90–1.09)
1.01 (0.92–1.12)

1.02 (0.93–1.13)
1.03 (0.93–1.14)

1.06 (0.96–1.17)
1.07 (0.97–1.19)

OR/I SD increase in intake

1
According to quintiles (Q) of nutrient intake at preschool age. Adjusted for age, age at menarche, parity, age at first birth, family history, adult body mass index, and total caloric intake.
OR, odds ratio; CI, confidence interval.–2Nutrient residuals obtained by regressing nutrient intake on the log scale on mean-centered log values of energy intake and exponentiating the resulting
residuals.

Iron (mg)

Vitamin E (mg)

Vitamin C (mg)

Carotene (IU)

Vitamin A (IU)

Folate (lg)

Sucrose (g)

Dietary fiber (g)

Linoleic acid (g)

Saturated fat (g)

Animal fat (g)

Vegetable fat (g)

Carbohydrates (g)

Protein (g)

Total calories

Nutrient2

TABLE III – OR AND 95% CI OF ADULT BREAST CANCER AMONG PARTICIPANTS OF THE NURSES’ HEALTH STUDY AND THE NURSES’ HEALTH STUDY II
WHOSE MOTHER PARTICIPATED IN THE NURSES’ MOTHERS STUDY1
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cohort studies of breast cancer.
In a study conducted in British
Columbia, Canada, a reduced breast cancer risk was associated with
self-reported frequent consumption of whole milk and vegetable
oils before age 13 and an increased risk with frequent consumption
of visible fat on meat.7 In a case-control study in Utah, women with
postmenopausal breast cancer reported higher intake of dietary
fiber, whereas women with premenopausal breast cancer reported
lower intake of fiber from grains.48 In that study, fat intake from
dairy products was associated with lower breast cancer risk.48
Potischman et al. reported no strong influence of adolescent diet on
breast cancer risk among women younger than age 45 years.49 High
meat consumption was reported more frequently among women
with breast cancer.49 In a cohort study conducted in Norway, participants were asked to recall their milk consumption during childhood
and were then followed prospectively.51 A non-significant inverse
association between milk consumption during childhood and breast
cancer incidence in adulthood was observed.51
Information on eating patterns during adolescence has also been
retrospectively obtained from a subgroup of participants of the
Nurses’ Health Study.50 In a case-control study (of a different population than that included in the present analyses), women with breast
cancer were marginally less likely than women without breast cancer to report high consumption of eggs during adolescence but
somewhat more likely to report high butter consumption.50 In a retrospective study among 47,355 participants of the Nurses’ Health
Study II, high school diet was assessed in 1998 using a 131-item
FFQ and incident cases of breast cancer between 1989–1998 were
included.52 A high intake of vegetable fat and of vitamin E was
associated with a reduced risk of breast cancer, whereas a high glycemic index was associated with an increased risk.
Information concerning exposure to the Dutch hunger winter
was used in a case-cohort analysis from the Netherlands Cohort
Study.53 No important association was found between residence in
the western part of the Netherlands during adolescence and breast
cancer risk, but individual data on energy intake or dietary composition were not available.
Validity of maternal recall of diet could not be tested in our
population. A number of studies have explored the validity of

parental reporting of their child’s preschool diet using an FFQ.54
Although mothers generally seemed to be able to report their preschool children’s diet with acceptable accuracy, the most notable
concern was overreporting of caloric intake, as well as fruits and
vegetables, dairy products, meat and fat, on the FFQ. We evaluated the validity of recall of preschool diet among mothers of
participants of the Fels Longitudinal Study, which used 7-day diet
records the mothers had kept decades earlier and found adequate
validity for some foods of interest in the current study. To our
knowledge, no other data are available on the validity or reproducibility of maternal or parental recall of children’s diet decades
later.
The observed association between consumption of French fries
and breast cancer risk may have resulted from bias or chance.
Nondifferential misclassification would probably have obscured
any true association. Because mothers were asked to recall their
daughter’s preschool diet after her case status was known, differential recall has to be considered as a possible explanation of the
observed association. If case mothers overestimated the foods consumed that were considered ‘‘unhealthy,’’ consumption of hot
dogs and ice cream would be expected to have been overestimated
along with consumption of French fries. Reports by case mothers
of high consumption of French fries by their daughters, however,
stand out among all ‘‘unhealthy’’ foods.
Additional research is needed, particularly prospective studies
that eliminate the potential for recall bias, to confirm our findings
and to investigate further the role of diet during early life in breast
cancer etiology.
Acknowledgement
Supported by a grant from the Massachusetts Breast Cancer
Research Grants Program of the Massachusetts Department of
Public Health. The Nurses’ Health Study is supported by Public
Health Service Grant CA40356 from the National Cancer Institute, and the Nurses’ Health Study II by Public Health Service
Grant CA50385 from the National Cancer Institute, National Institutes of Health, U.S. Department of Health and Human Services.

References
1. Barker DJP. Fetal nutrition and cardiovascular disease in later life. Br
Med Bull 1997;53:96–108.
2. Barker DJ, Osmond C, Golding J, Kuh D, Wadsworth ME. Growth in
utero, blood pressure in childhood and adult life, and mortality from
cardiovascular disease. BMJ 1989;298:564–7.
3. Rich-Edwards JW, Stampfer MJ, Manson JE, Rosner B, Hankinson
SE, Colditz GA, Willett WC, Hennekens CH. Birth weight and risk of
cardiovascular disease in a cohort of women followed up since 1976.
BMJ 1997;315:396–400.
4. Rich-Edwards JW, Colditz GA, Stampfer MJ, Willett WC, Gillman
MW, Hennekens CH, Speizer FE, Manson JE. Birthweight and the
risk for type 2 diabetes mellitus in adult women. Ann Intern Med
1999;130:278–84.
5. Curhan GC, Chertow GM, Willett WC, Spiegelman D, Colditz GA,
Manson JE, Speizer FE, Stampfer MJ. Birth weight and adult hypertension and obesity in women. Circulation 1996;94:1310–5.
6. Fors!en T, Eriksson JG, Tuomilehto J, Teramo K, Osmond C,
Barker DJP. Mother’s weight in pregnancy and coronary heart disease in a cohort of Finnish men: follow up study. BMJ 1997;315:
837–40.
7. Langley-Evans SC, Gardner DS, Welham SJ. Intrauterine programming of cardiovascular disease by maternal nutritional status. Nutrition 1998;14:39–47.
8. Fall C. Nutrition in early life and later outcome. Eur J Clin Nutr 1992;
46:S57–S63.
9. Berenson GS, Srinivasan SR, Nicklas TA. Atherosclerosis: a nutritional disease of childhood. Am J Cardiol 1998;82:22T–9T.
10. Michels KB, Trichopoulos D, Robins JM, Rosner BA, Manson JE,
Hunter DJ, Colditz GA, Hankinson SE, Speizer FE, Willett WC.
Birthweight as a risk factor for breast cancer. Lancet 1996;348:
1542–6.
11. Sanderson M, Williams MA, Malone KE, Stanford JL, Emanuel I,
White E, Daling JR. Perinatal factors and risk of breast cancer. Epidemiology 1996;7:34–7.

12. De Stavola BL, Hardy R, Kuh D, Silva IS, Wadsworth M, Swerdlow
AJ. Birthweight, childhood growth and risk of breast cancer in a
British cohort. Br J Cancer 2000;83:964–8.
13. Innes K, Byers T, Schymura M. Birth characteristics and subsequent
risk for breast cancer in very young women. Am J Epidemiol.
2000;152:1121–8.
14. Kaijser M, Lichtenstein P, Granath F, Erlandsson G, Cnattingius S,
Ekbom A. In utero exposures and breast cancer: a study of oppositesexed twins. J Natl Cancer Inst 2001;93:60–2.
15. Vatten LJ, Maehle BO, Lund Nilsen TI, Tretli S, Hsieh CC, Trichopoulos D, Stuver SO. Birth weight as a predictor of breast cancer: a
case-control study in Norway. Br J Cancer 2002;86:89–91.
16. Ahlgren M, Sorensen T, Wohlfahrt J, Haflidadottir A, Holst C, Melbye M. Birth weight and risk of breast cancer in a cohort of 106,504
women. Int J Cancer 2003;107:997–1000.
17. McCormack VA, dos Santos Silva I, De Stavola BL, Mohsen R, Leon
DA, Lithell HO. Fetal growth and subsequent risk of breast cancer:
results from long term follow up of Swedish cohort. BMJ. 2003;
326:248.
18. Mellemkjaer L, Olsen ML, Sorensen HT, Thulstrup AM, Olsen J,
Olsen JH. Birth weight and risk of early-onset breast cancer (Denmark). Cancer Causes Control 2003;14:61–4.
19. Dos Santos Silva I, De Stavola BL, Hardy RJ, Kuh DJ, McCormack
VA, Wadsworth ME. Is the association of birth weight with premenopausal breast cancer risk mediated through childhood growth? Br J
Cancer 2004;91:519–24.
20. Lahmann PH, Gullberg B, Olsson H, Boeing H, Berglund G, Lissner
L. Birth weight is associated with postmenopausal breast cancer risk
in Swedish women. Br J Cancer 2004;91:1666–8.
21. Russo J, Tay LK, Russo IH. Differentiation of the mammary gland
and susceptibility to carcinogenesis. Breast Cancer Res Treat 1982;
2:5–73.
22. Russo J, Wilgus G, Russo IH. Susceptibility of the mammary gland to
carcinogenesis. Am J Pathol 1979;96:721–36.

754

MICHELS ET AL.

23. Haenszel W, Kurihara M. Studies of Japanese migrants. I. Mortality
from cancer and other diseases among Japanese in the United States.
J Natl Cancer Inst 1968;40:43–68.
24. Hanai A, Fulimoto I. Cancer incidence in Japan in 1975 and change of
epidemiological features for cancer in Osaka. NCI Monogr 1982:62:3–7.
25. Ziegler RG, Hoover RN, Pike MC, Hildesheim A, Nomura AMY,
West DW, Wu-Williams AH, Kolonel LN, Horn-Ross PL, Rosenthal
JF, Hyer MB. Migration patterns and breast cancer risk in AsianAmerican women. J Natl Cancer Inst 1993;85:1819–27.
26. Land CE. Studies of cancer and radiation dose among atomic
bomb survivors: the example of breast cancer. JAMA 1995;274:
402–7.
27. Land CE, Tokunaga M, Koyama K, Soda M, Preston DL, Nishimori I,
Tokuoka S. Incidence of female breast cancer among atomic bomb
survivors, Hiroshima and Nagasaki, 1950–1990. Radiat Res 2003;160:
707–17.
28. Miller AB, Howe GR, Sherman GJ, Lindsay JP, Yaffe MJ, Dinner PJ,
Risch HA, Preston DL. Mortality from breast cancer after irradiation
during fluoroscopic examinations in patients being treated for tuberculosis. N Engl J Med 1989;321:1285–9.
29. DeWaard F, Trichopoulos D. A unifying concept of the aetiology of
breast cancer. Int J Cancer 1988;41:666–9.
30. Willett WC. Implications of total energy intake for epidemiologic studies of breast and colon cancer. Am J Clin Nutr 1987;45:
354–60.
31. Tretli S, Gaard M. Lifestyle changes during adolescence and risk of
breast cancer: an ecologic study of the effect of World War II in Norway. Cancer Causes Control 1996;7:507–12.
32. Hunter DJ, Willett WC. Diet, body size, and breast cancer. Epidemiol
Rev 1993;15:110–32.
33. Baer HJ, Colditz GA, Rosner BA, Michels KB, Rich-Edwards JW,
Hunter DJ, Willett WC. Body fatness during childhood and adolescence and incidence of breast cancer in premenopausal women: a prospective cohort study. Breast Cancer Res 2005;7:R314–25.
34. Ahlgren M, Melbye M, Wohlfahrt J, Sorensen TI. Growth patterns
and the risk of breast cancer in women. N Engl J Med. 2004;351:
1619–26.
35. Kelsey JL, Gammon MD, John EM. Reproductive factors and breast
cancer. Epidemiol Rev 1993;15:36–47.
36. van den Brandt PA, Spiegelman D, Yaun SS, Adami HO, Beeson L,
Folsom AR, Fraser G, Goldbohm RA, Graham S, Kushi L, Marshall
JR, Miller AB, et al. Pooled analysis of prospective cohort studies on
height, weight, and breast cancer risk. Am J Epidemiol 2000;152:
514–27.
37. Hilakivi-Clarke L, Forsen T, Eriksson JG, Luoto R, Tuomilehto J,
Osmond C, Barker DJ. Tallness and overweight during childhood
have opposing effects on breast cancer risk. Br J Cancer 2001;85:
1680–4.
38. Weiderpass E, Braaten T, Magnusson C, Kumle M, Vainio H, Lund
E, Adami HO. A prospective study of body size in different periods of

39.

40.
41.

42.
43.
44.
45.
46.
47.
48.
49.

50.
51.

52.
53.
54.

life and risk of premenopausal breast cancer. Cancer Epidemiol Biomarkers Prev 2004;13:1121–7.
Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J,
Hennekens CH, Speizer FE. Reproducibility and validity of a semiquantitative food frequency questionnaire. Am J Epidemiol 1985;122:
51–65.
Roche AF. Growth, maturation and body composition: the Fels Longitudinal Study 1929–1991. Cambridge: Cambridge University Press,
1992.
Chumlea WC, Guo S. Milk consumption in childhood and bone mineral in adulthood: the Fels Longitudinal Study. Proceedings CERIN
Symposium: Nutrition & Personnes Agees au-dela des apports recommandes, CERIN Paris, France, 1997. p 125–133.
Rubin DB. Multiple imputation for nonresponse in surveys. New
York: Wiley, 1987.
Little RJA, Rubin DB. Statistical analysis with missing data. New
York: Wiley, 1987.
Greenland S, Finkle WD. A critical look at methods for handling
missing covariates in epidemiologic regression analyses. Am J Epidemiol 1995;142:1255–64.
Tareke E, Ryber P, Karlsson P, Ericsson S, Tornqvest M. Analysis of
acrylamide, a carcinogen formed in heated foodstuffs. J Agric Food
Chem 2002;50:4998–5006.
Mucci LA, Sandin S, Balter K, Adami HO, Magnusson C, Weiderpass
E. Acrylamide intake and breast cancer risk in Swedish women.
JAMA 2005;293:1326–7.
Hislop TG, Coldman AJ, Elwood JM, Brauer G, Kan L. Childhood
and recent eating patterns and risk of breast cancer. Cancer Detect
Prev 1986;9:47–58.
Pryor M Slattery ML, Robinson LM, Egger M. Adolescent diet and
breast cancer in Utah. Cancer Res 1989;49:2161–7.
Potischman N, Weiss HA, Swanson CA, Coates RJ, Gammon MD,
Malone KE, Brogan D, Stanford JL, Hoover RN, Brinton LA. Diet
during adolescence and risk of breast cancer among young women.
J Natl Cancer Inst 1998;90:226–33.
Frazier AL, Ryan CT, Rockett H, Willett WC, Colditz GA. Adolescent diet and risk of breast cancer. Breast Cancer Res 2003;5:R59–64.
Hjartaker A, Laake P, Lund E. Childhood and adult milk consumption
and risk of premenopausal breast cancer in a cohort of 48,844
women—the Norwegian women and cancer study. Int J Cancer 2001;
93:888–93.
Frazier AL, Li L, Cho E, Willett WC, Colditz GA. Adolescent diet
and risk of breast cancer. Cancer Causes Control 2004;15:73–82.
Dirx MJM, van den Brandt PA, Goldbohm RA, Lumey LH. Diet in
adolescence and the risk of breast cancer: results of the Netherlands
Cohort Study. Cancer Causes Control 1999;10:189–99.
Serdula MK, Alexander MP, Scanlon KS, Bowman BA. What are preschool children eating? A review of dietary assessment. Ann Rev Nutr
2001;21:475–98.

