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Dairy intake during adolescence and risk of colorectal
adenoma later in life
Katharina Nimptsch 1,2, Dong Hoon Lee2, Xuehong Zhang2,3, Mingyang Song 2,4,5,6, Maryam S. Farvid4, Leandro F. M. Rezende7,
Yin Cao8,9, Andrew T. Chan3,5,6,10,11, Charles Fuchs12,13,14, Jeffrey Meyerhardt15, Jonathan A. Nowak16, Walter C. Willett2,3,4,
Shuji Ogino 4,10,16, Edward Giovannucci2,3,4, Tobias Pischon 1 and Kana Wu2

BACKGROUND: Higher dairy intake during adulthood has been associated with lower colorectal cancer risk. As colorectal
carcinogenesis spans several decades, we hypothesised that higher dairy intake during adolescence is associated with lower risk of
colorectal adenoma, a colorectal cancer precursor.
METHODS: In 27,196 females from the Nurses’ Health Study 2, aged 25–42 years at recruitment (1989), who had completed a
validated high school diet questionnaire in 1998 and undergone at least one lower bowel endoscopy between 1998 and 2011,
logistic regression for clustered data was used to calculate odds ratios (ORs) and 95% confidence intervals (CI).
RESULTS: Colorectal adenomas were diagnosed in 2239 women. Dairy consumption during adolescence was not associated with
colorectal adenoma risk (OR highest vs. lowest [≥4 vs. ≤1.42 servings/day] quintile [95% CI] 0.94 [0.80, 1.11]). By anatomical site,
higher adolescent dairy intake was associated with lower rectal (0.63 [0.42, 0.95]), but not proximal (1.01 [0.80, 1.28]) or distal (0.97
[0.76, 1.24]) colon adenoma risk. An inverse association was observed with histologically advanced (0.72 [0.51, 1.00]) but not non-
advanced (1.07 [0.86, 1.33]) adenoma.
CONCLUSIONS: In this large cohort of younger women, higher adolescent dairy intake was associated with lower rectal and
advanced adenoma risk later in life.

British Journal of Cancer (2021) 124:1160–1168; https://doi.org/10.1038/s41416-020-01203-x

BACKGROUND
As colorectal carcinogenesis spans several decades, early life
exposures may also play a role in colorectal cancer (CRC)
development.1,2 However, the majority of observational studies
have focused on exposures during mid- to late adulthood,
capturing predominantly late-onset cases. The recent increase in
sporadic early-onset CRC incidence in high-income countries
further supports an involvement of early-life behavioural expo-
sures in colorectal carcinogenesis.3

There is substantial evidence that higher intake of dairy and
calcium during adulthood is protective against CRC, particularly left-
sided cancers.4–6 Data from the National Health Examination Survey
(NHANES) showed that between 2003 and 2006 only 42% of
adolescent boys and 13% of girls in the US met their Recom-
mended Dietary Allowance (RDA) for calcium, which may reflect a
low intake of dairy products.7–9 Only two studies have previously

investigated the association between dairy intake in early-life and
risk of CRC, both of which had methodological limitations, and
results were inconsistent.10,11 Moreover, to the best of our
knowledge, no study has examined these associations for
adenomas, an established CRC precursor.12 Our objective was to
investigate the association between dairy intake during adoles-
cence and risk of colorectal adenoma in a large, prospective cohort
of younger women, the Nurses’ Health Study 2 (NHS2), controlling
for relevant early-life and adult behavioural factors, such as early-life
physical activity and dairy intake during adulthood.

METHODS
Study population
The NHS2 is a prospective cohort study of 116,671 female
registered nurses aged 25–42 years at enrolment in 1989 who
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responded to a mailed questionnaire on lifestyle and medical
history.13 Information on lifestyle, medical history, and newly
diagnosed diseases are updated biennially. Starting in 1991, food
frequency questionnaires (FFQs) were administered every 4 years to
ascertain habitual dietary intake. In 1998, 47,355 women returned a
124-item high school food frequency questionnaire (HS-FFQ). At the
time of completion of the HS-FFQ, participants were between 34
and 51 years old. There were no substantial differences regarding
baseline characteristics, including dietary intake and CRC risk factors
comparing women who had indicated willingness to complete the
HS-FFQ and those who did not.14 This study was approved by the
Institutional Review Boards of the Brigham and Women’s Hospital
and the Harvard T. H. Chan School of Public Health and of
participating registries as required. Further information, including
the procedures to obtain and access data from the Nurses’
Health Studies is described at https://www.nurseshealthstudy.org/
researchers (contact email: nhsaccess@channing.harvard.edu).

Ascertainment of outcome
Colorectal adenomas are usually asymptomatic and therefore
typically detected during a lower bowel endoscopic procedure. On
each biennial follow-up questionnaires, participants reported
whether they had undergone a lower bowel endoscopy (sigmoi-
doscopy or colonoscopy), the reason for endoscopy (screening or
symptoms) and whether polyps had been diagnosed during the
procedure. Informed consent to retrieve endoscopy and pathol-
ogy reports was obtained from the study participants. After
obtaining consent from the participants, investigators blinded to
exposure status confirmed the reported polyp diagnoses based on
medical records, and extracted information on size, number,
anatomical location and histology. For the present analysis, we
included women who had reported their adolescent diet on the
HS-FFQ in 1998 and had undergone at least one lower bowel
endoscopy during the study period, i.e. between the return of the
HS-FFQ and May 31st, 2011. After excluding women who reported
a previous cancer diagnosis (other than non-melanoma skin
cancer), ulcerative colitis, Crohn’s disease, or adenomas before
completion of the HS-FFQ, 27,196 women remained for analysis.
Colorectal adenomas were classified based on their location into
proximal colon (cecum, ascending colon, hepatic flexure, trans-
verse colon, splenic flexure), distal colon (descending colon,
sigmoid colon) and rectum (including recto-sigmoid junction)
adenomas. We further subclassified adenoma into advanced
adenoma (defined as adenoma with any of the following features;
≥1 cm in size, tubulovillous histology, villous histology, high-grade
dysplasia) and non-advanced adenoma. We also analysed
associations by the multiplicity of polyps (single vs multiple).

Assessment of diet
High school diet. Adolescent diet, i.e. dietary intake during high
school grades 9–12 (age 13–17 years) was inquired on the 124-
item HS-FFQ in 1998. The HS-FFQ was specifically designed to
include food items that were typically consumed during the time
period between 1960 and 1981, i.e. when the NHS2 participants
attended high school. Participants were asked to indicate how
often they consumed a specified amount of each of the food
items on average, with possible frequencies ranging from “never
or less than once per month” to “six or more per day”.
The HS-FFQ has shown moderate-to-good reproducibility in

recalling adolescent diet among 333 randomly selected NHS2
participants who completed the same HS-FFQs twice after a 4-year
interval.15 Mean Spearman rank correlations between the first and
second administration of the HS-FFQ was good for the group of
dairy products (r= 0.64), and milk intake was among the foods
with the highest reproducibility (r= 0.76). Similarly, the correlation
for calcium was r= 0.73.
Furthermore, the HS-FFQ has shown reasonable validity when

comparing FFQs administered to 80 adolescents aged 13–18 years

with the HS-FFQ completed by the same 80 participants 10 years
later. The average corrected correlation for 25 nutrients was r=
0.58 (range 0.40–0.88) and the correlation for calcium was r=
0.84.16

Adult diet. Habitual dietary intake during adulthood was first
assessed in 1991 and every 4 years thereafter using validated FFQs
with ~131 food items. Results from reproducibility and validity
studies of the adult FFQ have been reported previously.17–19 The
Pearson correlation coefficients between multiple dietary records
and the FFQ ranged for dairy products from 0.57 (hard cheese) to
0.94 (yogurt).19

Dairy intake. The dairy items on the HS-FFQ included milk
(whole, low-fat, non-fat), chocolate milk, instant breakfast drink,
yogurt, cottage or ricotta cheese, cheese, cream cheese, ice cream,
sherbet, milk shake or frappe. Dairy items on the adult FFQs
included skim or low-fat milk, whole milk, cream, sour cream,
sherbet/ice milk/frozen yogurt, ice cream, yogurt, cottage/ricotta
cheese, cream cheese, other cheese. Of note, milk intake during
high school was primarily from whole milk (median (25th, 75th
percentile) 1.43 (2.57, 0.86) servings per day for whole milk and 0
(0, 0) servings per day for skim milk), while milk intake during
adulthood was primarily from skim milk (median (25th, 75th
percentile) 0, (0, 0) for whole milk and 0.81 (0.36, 1.50) servings/
day for skim milk). Therefore, associations were not studied
separately for adolescent whole vs. skim milk intake.

Calcium intake. To investigate whether calcium intake may
explain observed associations between adolescent dairy intake
and risk of colorectal adenoma, we also calculated intake of
calcium (total calcium, dairy calcium, non-dairy calcium) from the
HS-FFQ and the adult questionnaires. Calcium intake during
adulthood is comprised of calcium from dietary sources and
calcium supplements, which is fairly common among adult
women in the NHS2, particularly among those with lower dairy
intake (for example, in 1999, 49% of the participants with adult
dairy intake ≤1 serving/day were calcium supplement users,
compared with 42% calcium supplement users in participants with
dairy intake ≥3 servings/day, χ2 P < 0.0001). The HS-FFQ did not
include questions on calcium supplementation. However,
between 1960 and 1980 calcium supplementation was uncom-
mon in adolescents, thus it is safe to assume that calcium intake
during adolescence is mostly from dietary, particularly dairy
sources only.
Both adult and high school nutrient intakes were energy

adjusted utilising the residual method.20 To best represent long-
term intake during adulthood and to minimise random intra-
individual variation, we calculated cumulative average intakes of
dairy and nutrients using information from all available adult FFQs
up to 2 years prior to the most recent endoscopy.21

Statistical analysis
We used a period-based analytical approach, creating risk sets of
separate records for each two-year follow-up period during which
a participant underwent a lower bowel endoscopy.22 Thus, study
participants who underwent several endoscopies during follow-up
appear in multiple risk sets. Once an adenoma was diagnosed,
participants were censored for all later follow-up cycles. We used
multivariable-adjusted logistic regressions for clustered data (each
participant poses a cluster) to calculate odds ratios (ORs) and 95%
confidence intervals (CI). This analysis method accounts for
multiple lower bowel endoscopies and reduces bias due to
temporal changes in exposures and covariables.23–25

We created a basic model that was adjusted for age, time
period of endoscopy, number of reported endoscopies, time in
years since most recent endoscopy and reason for current
endoscopy (screening vs. symptoms). In the fully adjusted model,
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we additionally included potential confounders during adoles-
cence and adulthood, such as established CRC risk factors26

related to body stature, diet and lifestyle: BMI at age 18 years (<18,
18–20.9, 21–22.9, 23–24.9, ≥25 kg/m2), current physical activity
(<21, 21–<30, 30–<39, 39–<54, ≥54 MET hours/week), physical
activity during 9th–12th grades (quintiles),27 current alcohol intake
(<5, 5–9.9, 10–14.9, 15–29.9, 30+ g/d), pack-years of smoking
(never, 1–4.9, 5–19.9, 20–39.9, 40+ pack-years), regular aspirin use
(≥2 tablets/week vs. <2/week), menopausal status/postmenopau-
sal hormone use (premenopausal, postmenopausal with current
hormone use, postmenopausal without current hormone use),
family history of CRC, total calories during high school (quintiles)
and intake of unprocessed red meat and processed meat during
high school (quintiles).
Additional adjustment for pack-years of smoking before age 20

years, folate intake during high school, or history of diabetes did
not change risk estimates substantially, and these variables were
not included in the final models (data not shown). To assess
whether observed associations for adolescent dairy intake were
independent from dairy intake during adulthood, our multi-
variable models were adjusted for adult dairy intake. We also
analysed data separately by source of dairy (milk, cheese and
yogurt), and low vs. high-fat dairy.
To assess whether higher calcium intake may contribute to the

observed inverse associations,6,26,28 we conducted several sensi-
tivity analyses by (1) investigating the association of total, dairy

and non-dairy calcium intake during high school with risk of
adenoma and (2) adding total calcium, non-dairy and dairy
calcium intake separately to the multivariable models for dairy
intake.
Test for trend was performed by including the median intake of

each exposure category or quantile as a continuous variable into
the models and calculating a p-value using the Wald test. We also
analysed associations stratified by age at diagnosis, family history
of CRC, reason of endoscopy (screening vs. symptoms) as well as
risk factors for colorectal neoplasia during early life, i.e., body mass
index (BMI) at age 18 years, physical activity during 9th–12th
grades, and ever vs. never smoking before age 20 years in order to
assess whether these factors modify observed associations.
Interactions were assessed by including a cross product term of
both exposures [stratification variable and median intake in each
category (same as trend variable) as continuous variable for dairy
intake] into the models and utilising the Wald test to assess
statistical significance. A two-sided p-value of less than 0.05 was
considered statistically significant.

RESULTS
Baseline characteristics of NHS2 participants at the time when they
returned the HS-FFQ are shown in Table 1. BMI in 1998 and at age
18 years did not differ substantially, while adult attained height
slightly increased across quintiles of dairy intake during high school.

Table 1. Age-standardised characteristics in 1998 by quintiles of dairy intake during high school, NHS2.

Dairy intake during high school

Q1 Q2 Q3 Q4 Q5

Quintile range (servings/day) ≤1.42 1.43–2.20 2.21–3.14 3.15–3.99 ≥4.00

N 5425 5397 5525 5756 5094

Age (years) 43.4 (4.3) 43.0 (4.2) 43.2 (4.2) 43.4 (4.1) 42.9 (4.1)

Height (inches) 64.6 (2.6) 64.8 (2.6) 64.9 (2.6) 65.1 (2.5) 65.3 (2.6)

BMI (kg/m2) 26.0 (5.7) 25.9 (5.9) 25.8 (5.8) 25.6 (5.6) 25.5 (5.7)

BMI at age 18 years (kg/m2) 21.2 (3.2) 21.3 (3.3) 21.2 (3.3) 21.1 (3.1) 21.0 (3.0)

Current smokers (%) 8.4 9.5 7.9 7.1 6.5

Packyears of smoking (among smokers) 14.1 (11.4) 14.2 (11.8) 13.5 (11.1) 12.7 (10.4) 12.7 (10.8)

Packyears of smoking before age 20 years (among smokers) 2.8 (2.2) 2.8 (2.1) 2.7 (2.1) 2.8 (2.2) 2.8 (2.1)

Physical activity (MET-hours/week) 18.1 (23.2) 18.7 (22.4) 19.1 (24.2) 18.8 (22.1) 20.2 (22.9)

Physical activity during 9th–12th grade (MET-hours/week) 46.8 (34.8) 49.3 (35.1) 50.9 (35.8) 52.0 (35.6) 56.6 (37.8)

Family history of colorectal cancer (%) 7.7 8.0 8.7 8.0 8.1

Diabetes (%) 4.6 4.1 4.0 3.7 3.3

Premenopausal (%) 86.8 88.4 88.2 89.3 89.9

Regular aspirin use (%) 10.5 10.0 9.9 11.0 10.8

Screening as indication for the current endoscopy (%) 27.5 25.6 25.8 25.6 26.1

Dietary intake during high school

Total calcium intake during high school (mg/day) 726 (171) 887 (161) 1111 (286) 1289 (240) 1413 (304)

Dairy calcium intake during high school (mg/day) 413 (175) 587 (167) 827 (321) 1010 (262) 1124 (328)

Non-dairy calcium intake during high school (mg/day) 313 (75) 300 (62) 283 (67) 279 (61) 290 (62)

Folate intake during high school (µg/day) 307 (100) 313 (95) 317 (89) 324 (91) 333 (93)

Red (without processed) meat intake during high school (servings/day) 0.9 (0.4) 0.9 (0.4) 0.9 (0.4) 1.0 (0.4) 1.0 (0.4)

Processed meat intake during high school (servings/day) 0.5 (0.4) 0.6 (0.4) 0.6 (0.4) 0.6 (0.4) 0.7 (0.5)

Dietary intake during adulthood

Total dairy (servings/day) 1.6 (0.9) 1.9 (0.9) 2.1 (1.0) 2.4 (1.1) 2.7 (1.2)

Total calcium (mg/day) 1356 (685) 1372 (641) 1431 (635) 1495 (636) 1525 (615)

All values other than age have been directly standardised to age distribution (5-year age groups) of all participants who had an endoscopy between 1998 and
2011. Mean (SD) presented for continuous variables.
BMI body mass index, MET metabolic equivalent task.
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Women with higher dairy intake tend to have lower pack-years of
smoking before age 20, were less likely to be current smokers, and
more likely to be physically active in 1998 and during adolescence
than women with lower dairy intake. During follow-up, 2239 women
were diagnosed with at least one colorectal adenoma (mean age at
diagnosis was 52.8 ± 4.4 years, range 37–64 years). 1278 adenomas
were classified as non-advanced and 516 as advanced. Based on
location, 1128 adenomas were diagnosed in the proximal colon, 959
in the distal colon, and 367 in the rectum. Dairy intake during
adolescence was higher (median 2.71 servings/day, 25th percentile
1.63, 75th percentile 3.71) than during adulthood (median 1.96 ser-
vings/day, 25th percentile 1.32, 75th percentile 2.78), and dietary
intake during adolescence and adulthood were only modestly
correlated (Spearman partial correlation corrected for age r= 0.38).
On the other hand, correlation between adolescent dairy and
adolescent calcium intake was high (Spearman correlation r= 0.77).

Dairy intake during high school and adenoma later in life
Dairy consumption during adolescence was not significantly
associated with risk of colorectal adenoma in the basic model
(OR highest [≥4 servings/day] vs. lowest [≤1.42 servings/day]
quintile 1.02, 95% CI 0.89, 1.18), the fully adjusted model without
(OR 0.98, 95% CI 0.84, 1.15), or after further adjustment for dairy
consumption during adulthood (OR 0.94, 95% CI 0.80, 1.11,
Table 2). By anatomical subsite, dairy consumption during high
school was not associated with risk of proximal or distal adenoma,
but a statistically significant inverse association was observed for
rectal adenoma (OR 0.63, 95% 0.42, 0.95). A borderline significant
inverse association was found for advanced adenoma (OR 0.72,
95% CI 0.51, 1.00), whereas no association was observed for non-
advanced adenoma.
To examine whether our results are due to an overall healthier

vs. unhealthier diet, we included adolescent dietary pattern in our
final models, namely the prudent and the western dietary pattern
as reported previously.29 Inverse associations between dairy intake
and rectal and advanced adenoma were similar after adjustment
for prudent dietary pattern (highest vs. lowest quintile rectal: OR
0.63, 95% CI 0.42, 0.94; advanced: OR 0.71, 95% CI 0.51,1.00), but
were slightly attenuated after adjustment for western pattern
(rectal: OR 0.71, 95% CI 0.47, 1.07; advanced: OR 0.75, 95%
CI 0.53, 1.05).

Individual dairy foods and adenoma
When analysed separately by individual dairy foods, higher milk
consumption during high school was borderline significantly
associated with lower risk of advanced adenoma (OR comparing
≥4–5 servings per day vs. ≤2–4 servings per week 0.73, 95%
CI 0.53, 1.00) and rectal adenoma (OR 0.72, 95% CI 0.50, 1.02)
(Supplementary Table 1). Higher yogurt intake during high school
(≥1 serving/week vs. never or less than 1 serving/month) was
borderline significantly associated with lower risk of multiple
adenomas (OR 0.61, 95% CI 0.37, 1.00), while inverse, but not
statistically significant, associations were observed for total,
proximal, distal, rectal, advanced, and non-advanced adenoma.
When associations were examined separately for high- vs. low-fat
dairy intake, observed inverse associations for rectal adenoma
appeared to be stronger for high-fat (OR highest vs. lowest
quintile 0.66, 95% CI 0.45, 0.96,) than for low-fat dairy intake
(OR 0.97, 95% CI 0.66, 1.41; Supplementary Table 2).

Role of calcium intake on observed associations
Total calcium intake during high school was not associated with
risk of total (OR highest vs. lowest quintile 1.00, 95% CI 0.87, 1.15)
or rectal adenoma (OR 0.91, 95% CI 0.66, 1.26), but a non-
significant inverse association was observed with advanced
adenoma (OR 0.77, 95% CI 0.57, 1.04). Associations between dairy
and non-dairy calcium intake during high school and rectal and
advanced adenoma were similar to those observed for dairy

intake during high school, but did not reach statistical significance
(OR highest vs. lowest quintile, dairy calcium: 0.77, 95% CI 0.54,
1.09 for rectal and 0.78, 95% CI 0.57, 1.07 for advanced adenoma;
non-dairy calcium: 0.77, 95% CI 0.52, 1.14 for rectal and 0.88, 95%
CI 0.64, 1.23 for advanced adenoma).
When the models were additionally adjusted for calcium intake,

inverse associations between dairy intake and rectal adenoma
persisted after adjusting for non-dairy calcium intake during high
school (OR 0.57, 95% CI 0.38, 0.87), but was no longer statistically
significant after adjusting for total (OR 0.59, 95% CI 0.31, 1.11) or
dairy calcium intake during high school (OR 0.64, 95% CI 0.33, 1.22,
Supplementary Table 3). For advanced adenoma, associations
were attenuated and no longer statistically significant after
additional adjustment for total (OR 0.81, 95% CI 0.46, 1.43) and
dairy calcium (OR 0.88, 95% CI 0.49, 1.59) intake during high
school, but remained similar and statistically significant after
adding non-dairy calcium to the multivariable models (OR 0.67,
95% CI 0.48, 0.95).

Joint association of dairy intake during adolescence and
adulthood
For a joint analysis of dairy intake during adolescence and
adulthood, we created four categories with the cut-offs for low vs.
high intake corresponding to the currently recommended intake
for both adults and adolescents (3 servings/day).30 Compared with
low dairy intake during both adolescence and adulthood (n= 285
cases), the lowest risk for advanced adenoma was observed for
women with high adolescent, but low adult dairy intake (OR 0.79,
95% CI 0.62, 1.00, n= 120 cases), followed by women with high
dairy intake during both adolescence and adulthood (OR 0.87,
95% CI 0.64, 1.18, n= 63 cases), but no association was found for
women with low adolescent but high adult dairy intake (OR 1.10,
95% CI 0.80, 1.52, n= 48 cases). A similar pattern was observed for
rectal adenoma (data not shown), but sample size was limited, and
confidence intervals were wide.

Analysis stratified by age at diagnosis, family history of CRC,
reason for endoscopy and behavioural factors
Higher dairy intake during adolescence was associated with lower
risk of both early- (<50 y) and late-diagnosed (≥50 y) rectal and
advanced adenoma (≥3.15 vs. <3.15 servings/day, early-diag-
nosed: rectal, OR 0.73, 95% CI 0.42, 1.28, advanced OR 0.69, 95%
CI, 0.42, 1.12, late-diagnosed: rectal OR 0.75, 95% CI 0.56, 1.00,
advanced OR 0.86, 0.68, 1.10, Table 3). However, the number of
early-diagnosed rectal and advanced adenoma cases was limited
and none of these associations did reach statistical significance.
Inverse associations between dairy intake and rectal and
advanced adenoma did not differ by family history of CRC (p-
interaction 0.61 and 0.47, respectively).
There was no indication for meaningful interactions in the

association between adolescent dairy intake with total, rectal
or advanced adenoma by reason for endoscopy (screening vs.
symptoms, all p-interaction > 0.32), BMI at age 18 years (all
p-interaction > 0.12), physical activity during adolescence
(all p-interaction > 0.25), or smoking before age 20 years (all
p-interaction > 0.66).

DISCUSSION
In this large cohort of younger women, higher dairy intake during
adolescence was associated with lower risk of rectal and advanced
adenoma, but not proximal, distal or non-advanced adenoma.
Inverse associations for rectal and advanced adenoma were
independent of adult intake and did not differ considerably by age
at adenoma diagnosis (early-diagnosed <50 y vs. late-diagnosed
≥50 y).
Cohort studies have consistently found an inverse association

between higher intake of dairy or calcium during adulthood and
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risk of CRC, and the 2017 report of the World Cancer Research
Fund (WCRF)/American Institute for Cancer Research (AICR)
concluded that there is “strong evidence” that “consuming dairy
products or taking calcium supplements decreases CRC risk”.26 A
dose–response meta-analysis concluded that calcium intake
during adulthood was inversely associated with risk of colorectal
adenoma (RR per 300mg/day 0.95, 95% CI 0.92, 0.98), with
stronger associations for high-risk adenoma [≥1 cm in diameter,
(tubulo)villous histology, dysplasia, or multiplicity].28 Prospective
studies on the relationship between adult dairy intake and
colorectal adenoma have also observed moderate inverse
associations, but in several studies associations did not reach
statistical significance.31–33

In contrast, little is known about the role of dairy or calcium
intake during adolescence on colorectal neoplasia. Extrapolating
CRC risk factors in mid-to-late adulthood to adolescence is likely
inappropriate because nutritional requirements and physiology
differ during different stages in life, possibly altering exposure-
cancer associations.34 For example, puberty, a period of acceler-
ated growth, is characterised by a physiological, and obesity

unrelated, decrease in insulin sensitivity and increase in growth
factor levels, such as insulin-like growth factor 1 (IGF1), possibly
increasing susceptibility to environmental factors with an adverse
effect on insulin metabolism.35,36 To our knowledge, this is the first
comprehensive analysis on the association between adolescent
dairy intake and colorectal adenoma. We are only aware of two
previous studies relating early-life dairy intake to later risk of CRC.
In the British Boyd Orr cohort, an estimate for dairy consumption
during childhood was available from household food inventories
for 4999 children born in the 1920s or 1930s who had been
followed for up to 65 years. In that study, based on an analysis
including 76 CRC cases, a positive association between childhood
dairy consumption and later risk of CRC was observed.11 The NIH-
AARP Diet and Health Study, a large prospective cohort of 292,
737 men and women who were between 50 and 71 years old at
recruitment in 1995 and 1996, assessed dietary intake at ages 12-
13 via a 37-item food frequency questionnaire retrospectively.
Higher milk intake during adolescence was inversely associated
with risk of colon cancer, but associations were substantially
attenuated after taking adult dairy intake into account.10 However,

Table 2. Odds Ratios (ORs) and 95% confidence intervals (95% CIs) for risk of colorectal adenoma according to quintiles of dairy intake during high
school, NHS2 1998–2011.

Dairy intake during high school (servings/day)

Q1 Q2 Q3 Q4 Q5 Ptrend

≤1.42 1.43–2.20 2.21–3.14 3.15–3.99 ≥4.00

All adenomas

N cases 446 420 480 476 417

Age-adjusted* 1 (Reference) 0.96 (0.84, 1.10) 1.07 (0.93, 1.22) 1.01 (0.89, 1.16) 1.02 (0.89, 1.18) 0.52

Multivariable† 1 (Reference) 0.92 (0.80, 1.06) 1.02 (0.88, 1.17) 0.96 (0.83, 1.11) 0.98 (0.84, 1.15) 0.94

Multivariable† plus adult diet 1 (Reference) 0.91 (0.79, 1.05) 1.00 (0.86, 1.15) 0.93 (0.80, 1.08) 0.94 (0.80, 1.11) 0.64

Proximal adenomas

N cases 217 215 226 264 206

Multivariable† plus adult diet 1 (Reference) 0.96 (0.79, 1.18) 0.99 (0.80, 1.21) 1.08 (0.88, 1.33) 1.01 (0.80, 1.28) 0.56

Distal adenomas

N cases 195 185 200 195 184

Multivariable† plus adult diet 1 (Reference) 0.93 (0.75, 1.15) 0.97 (0.78, 1.20) 0.90 (0.71, 1.13) 0.97 (0.76, 1.24) 0.79

Rectal adenomas

N cases 76 63 103 72 53

Multivariable† plus adult diet 1 (Reference) 0.80 (0.57, 1.12) 1.23 (0.89, 1.70) 0.79 (0.55, 1.13) 0.63 (0.42, 0.95) 0.04

Small, tubular adenomas (non-advanced)

N cases 239 243 263 285 248

Multivariable† plus adult diet 1 (Reference) 0.97 (0.80, 1.18) 1.02 (0.84, 1.24) 1.04 (0.86, 1.27) 1.07 (0.86, 1.33) 0.39

Large or villous adenomas (advanced)

N cases 114 97 122 99 84

Multivariable† plus adult diet 1 (Reference) 0.83 (0.63, 1.10) 1.01 (0.76, 1.33) 0.76 (0.56, 1.04) 0.72 (0.51, 1.00) 0.05

Single adenoma

N cases 353 329 370 369 342

Multivariable† plus adult diet 1 (Reference) 0.90 (0.76, 1.05) 0.96 (0.81, 1.13) 0.89 (0.75, 1.05) 0.95 (0.79, 1.14) 0.64

Two or more adenomas

N cases 88 87 108 103 68

Multivariable† plus adult diet 1 (Reference) 0.99 (0.73, 1.34) 1.22 (0.91, 1.65) 1.13 (0.83, 1.55) 0.90 (0.63, 1.29) 0.88

*Adjusted for age, time period of endoscopy, number of reported endoscopies, time in years since most recent endoscopy and reason for current endoscopy.
†Additionally adjusted for BMI at age 18 years (<18, 18–20.9, 21–22.9, 23–24.9, ≥25 kg/m2), current physical activity (<21, 21–<30, 30–<39, 39–<54, ≥54 MET
hours/week), physical activity during 9th–12th grades (quintiles), current alcohol intake (<5, 5–9.9, 10–14.9, 15–29.9, 30+ g/d), pack-years of smoking (never,
1–4.9, 5–19.9, 20–39.9, 40+ pack-years), regular aspirin use (≥2 tablets/week vs. <2/week), menopausal status/postmenopausal hormone use (premenopausal,
postmenopausal with current hormone use, postmenopausal without current hormone use), family history of colorectal cancer, total calories during high
school (quintiles) and intake of unprocessed red meat and processed meat during high school (quintiles).
plus adult diet= adult calorie (quintiles) and total dairy intake (quintiles).
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these studies did not assess potential confounding with other
relevant early-life behavioural factors or used a comprehensive
and validated dietary instrument to assess exposure.
Several biological plausible mechanisms support a role of dairy

intake during adolescence and colorectal neoplasia. First, dairy

products are a rich source for dietary calcium, thus observed
inverse associations may at least in part be mechanistically, i.e.,
locally, explained by the ability of calcium to bind to secondary
bile-acids and ionised fatty acids, which can damage colon cells,
via formation of insoluble calcium soaps.37 Second, calcium plays

Table 3. Odds ratios (OR) and 95% confidence intervals (CI) for dairy intake during high school (comparing ≥3.15 servings/day with <3.15 servings/
day) and colorectal adenoma risk by age at diagnosis, family history of colorectal cancer, reason for endoscopy and behavioral factors, NHS2,
1998–2011.

All adenoma Rectal adenoma Advanced adenoma

N Cases OR (95% CI)*† N cases OR (95% CI)*† N cases OR (95% CI) *†

Age at adenoma diagnosis

<50 years 267 1 (Reference) 51 1 (Reference) 80 1 (Reference)

163 0.95 (0.75, 1.21) 25 0.73 (0.42, 1.28) 35 0.69 (0.42, 1.12)

≥50 years 1079 1 (Reference) 191 1 (Reference) 253 1 (Reference)

730 0.99 (0.89, 1.11) 100 0.75 (0.56, 1.00) 148 0.86 (0.68, 1.10)

Family history of CRC

Positive family history 299 1 (Reference) 52 1 (Reference) 69 1 (Reference)

189 0.91 (0.73, 1.13) 28 0.79 (0.46, 1.38) 37 0.64 (0.40, 1.01)

No family history 1047 1 (Reference) 190 1 (Reference) 264 1 (Reference)

704 0.99 (0.88, 1.11) 97 0.71 (0.53, 0.94) 146 0.86 (0.67, 1.09)

p-interaction 0.78 0.61 0.47

Reason for endoscopy

Screening 934 1 (Reference) 166 1 (Reference) 213 1 (Reference)

631 0.97 (0.86, 1.09) 77 0.68 (0.50,0.94) 115 0.75 (0.58,0.98)

Symptoms 334 1 (Reference) 63 1 (Reference) 96 1 (Reference)

207 0.91 (0.74, 1.12) 34 0.70 (0.43, 1.15) 61 1.03 (0.70, 1.53)

p-interaction 0.32 0.92 0.82

Smoking before age 20

Body mass index (BMI)

BMI at age 18 <18.5 191 1 (Reference) 38 1 (Reference) 55 1 (Reference)

133 0.98 (0.75, 1.28) 19 0.60 (0.30, 1.17) 28 0.90 (0.51, 1.58)

BMI at age 18 from 18.5 to <21 568 1 (Reference) 114 1 (Reference) 134 1 (Reference)

378 0.94 (0.80, 1.10) 58 0.81 (0.56, 1.18) 76 0.71 (0.52, 0.97)

BMI at age 18 from 21 to <23 300 1 (Reference) 44 1 (Reference) 71 1 (Reference)

197 1.00 (0.81, 1.24) 27 0.71 (0.41, 1.25) 48 1.16 (0.73, 1.84)

BMI at age 18 ≥23 287 1 (Reference) 46 1 (Reference) 73 1 (Reference)

185 1.02 (0.82, 1.27) 21 0.67 (0.37, 1.20) 31 0.66 (0.40, 1.09)

p-interaction 0.83 0.49 0.12

Physical activity 9th–12th grades

<median 42.5 MET-hours/week 706 1 (Reference) 132 1 (Reference) 173 1 (Reference)

416 0.94 (0.82, 1.09) 49 0.53 (0.37, 0.78) 91 0.84 (0.62, 1.12)

≥median 42.5 MET-hours/week 602 1 (Reference) 105 1 (Reference) 148 1 (Reference)

456 1.00 (0.86, 1.15) 73 0.98 (0.69, 1.40) 88 0.77 (0.56, 1.05)

p-interaction 0.37 0.25 0.88

Did not smoke before age 20 996 1 (Reference) 177 1 (Reference) 237 1 (Reference)

675 0.96 (0.85, 1.07) 92 0.71 (0.53, 0.95) 139 0.85 (0.67, 1.09)

Smoked before age 20 350 1 (Reference) 65 1 (Reference) 96 1 (Reference)

218 1.01 (0.82, 1.24) 33 0.79 (0.47, 1.32) 44 0.69 (0.44, 1.07)

p-interaction 0.87 0.66 0.79

*Comparing ≥3.15 servings/day with <3.15 servings/day.
†Adjusted for age, time period of endoscopy, number of reported endoscopies, time in years since most recent endoscopy, reason for current endoscopy, BMI
at age 18 years (kg/m2, continuous), current physical activity (MET-hours/week, continuous), physical activity during 9th–12th grades (MET-hours/week,
continuous), nondrinker, alcohol intake (g/d, continuous), pack-years of smoking (continuous), regular aspirin use (yes/no), menopausal status
(premenopausal, postmenopausal no hormone use, postmenopausal current hormone use), total calories during high school (kcal/day, continuous),
unprocessed red meat and processed meat during high school (g/day, continuous), adult calorie (kcal, continuous) and total dairy intake (g/day, continuous),
family history denotes family history in first degree relatives.
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an important role in multiple signalling pathways and as such may
alter cell differentiation and apoptosis.38 It has been suggested
that calcium may act favourably on the APC/β-catenin signalling
pathway by decreasing expression of β-catenin and increasing
expression of APC and E-cadherin. Of relevance to our study,
modifications to this pathway can be induced by high insulin and
IGF1, and often occur during early stages of CRC development.39

Third, the calcium-sensing receptor (CaSR) is down-regulated in
CRC, indicating that CaSR may act as a potential tumour
suppressor in the colorectum,40 providing additional support for
a potential causal link between calcium and CRC development.
Finally, recent data also suggest that yogurt intake may have a
beneficial effect on the composition of the gut microbiota.41 In
animal models, yogurt intake has impeded promotion and
progression of CRC.42 However, only few prospective cohort
studies investigated the association between consumption of
yogurt or fermented dairy products and CRC incidence, and results
were inconclusive.31,32,43–47 In the European Prospective Investi-
gation into Cancer and Nutrition (EPIC) an inverse association
between yogurt intake and risk of CRC was observed in categorical
(i.e. highest vs. lowest quartile), but not in linear models.48

In our study, inverse associations between adolescent dairy and
risk of rectal and advanced adenoma were attenuated after
adjustment for dairy calcium. Furthermore, associations between
dairy and non-dairy calcium intake during adolescence and
adenoma were similar, albeit weaker, to those observed for dairy
intake. As dairy consumption was the major source for dietary
calcium during 1960–80 when the participants were attending
high school, it is difficult to assess associations for calcium vs. dairy
products (particularly from milk) separately. Furthermore, dairy is
also a good source of other potentially beneficial micronutrients,
such as vitamin D, vitamin B12, zinc, or probiotic bacteria in
fermented dairy products such as yogurt, and protein, which may
also play a beneficial role during adolescence.49 Another possible
explanation for our observed associations may be better recall of
dairy intake, particularly milk (a habitual food) than other non-
dairy calcium sources.17 In our joint analysis, it appeared that
inverse associations for advanced adenoma were stronger for
adolescent dairy than adult dairy intake. However, differences in
physiology, metabolism, nutritional requirements, and sources of
calcium between adolescents (mainly dairy) and adults (e.g.,
during adulthood, besides dairy other sources for calcium
included calcium fortified foods and 48% of NHS2 participants
were also taking calcium supplements) may at least in part explain
these findings. In our previous study in the NHS2, low calcium
intake (≤500mg/day) during adulthood was associated with
higher risk of colorectal adenoma.50 Furthermore, in our analysis,
associations for dairy intake during high school appeared to be
independent of dairy intake during adulthood, suggesting that
higher dairy intake during both adolescence and adulthood may
be independently involved in colorectal carcinogenesis. Moreover,
correlation between dairy intake during adolescence and adult-
hood was 0.38, further reducing the possibility that dairy intake
during adulthood may explain our findings.
When stratified by age at diagnosis (<50 vs. ≥50), inverse

associations were observed for both early- and late-diagnosed
rectal and advanced adenoma, suggesting, for the first time, that
early-life dietary factors, such as dairy, the major dietary source for
calcium in adolescents, may be involved in the development of
both early- and late-diagnosed rectal and advanced adenoma.
Interestingly, in the U.S., the recent increase in early-onset CRC
incidence is primarily driven by a disproportional increase in rectal
cancers.3 Moreover, there is evidence suggesting that associations
between adult calcium or dairy intake and CRC may be stronger
for distally located cancers. For example, the “Pooling Project of
Prospective Studies of Diet and Cancer”, which included 10
prospective studies, found (with little evidence for heterogeneity)
that higher milk intake was significantly associated with lower risk

of distal colon (p-trend < 0.001) and rectal (p-trend 0.02), but not
proximal colon cancers.5 In addition, it is possible that for
advanced adenoma located in the rectum inverse associations
may be even stronger than those observed for rectal and
advanced adenoma separately. However, due to limited sample
size, we were not able to examine rectal advanced adenoma as a
separate outcome.
It has been suggested that the rising rates of obesity and

physical inactivity in children and adolescents may contribute to
the recent increases in early-onset CRC.3 Public health attempts to
reverse these trends are ongoing but are unlikely to completely
solve this problem in the near future. Dairy products, particularly
milk is a major source of dietary calcium, and the 2015–2020
Dietary Guidelines for Americans recommend that children and
adolescents consume 2–3 cup-equivalents of dairy per day32.
However, at least in part due to replacement with sugary drinks,
dairy intake in US adolescents and children has decreased in the
past decades,51 and a considerable proportion of U.S. adolescents
may not meet their RDA for calcium.7–9 Therefore, if confirmed by
future studies, in addition to improving bone health, reversing
concurrent trends such as the decrease in calcium intake in
adolescents, may offer one approach to complement cancer
prevention strategies targeting early-onset CRC.
Our study has some limitations that deserve further attention.

First, the study population consisted predominantly of white
female nurses, so we could not investigate associations by race,
ethnicity, or in men, thus our findings may not be generalisable to
the general population. However, in our studies on adult
exposures, associations between dairy or calcium intake during
adulthood and colorectal neoplasia observed in the NHS
cohorts50,52 are mostly consistent with those from other more
diverse populations.5,53 Second, adolescent dairy intake was
recalled in 1998, years or decades after high school. However, as
information of high school diet was collected prior to endoscopic
procedures, the potential of recall bias, i.e. differential recall of
participants with negative vs. positive endoscopy should be
minimised. Moreover, reproducibility and validity of the HS FFQ
was remarkably high for calcium and dairy intake with correlations
of 0.73 and 0.84.15,16 Leveraging adolescent and adult exposure
data from an established cohort with large sample size and
long follow-up allowed us to adjust for a variety of potential
confounders during both early-life and adulthood, conduct
detailed analyses by subtypes of colorectal adenoma, and
investigate whether adolescent intake was independent of adult
dairy intake. Nevertheless, we can never exclude that some of our
findings are explained by chance, particularly due to the multiple
comparisons performed, although we carefully checked our
results and investigated the robustness of findings in sensitivity
analyses. Moreover, all exposures and statistical comparisons for
this analysis were hypothesis-driven and chosen a priori, and our
interpretation of findings takes biological plausibility, coherence,
and consistency into account.
In conclusion, to our knowledge, this is the first study to suggest

that dairy intake during adolescence is associated with lower risk
of rectal and advanced adenoma, the latter representing subtypes
that are more likely to progress to CRC. Although these
observations warrant confirmation by other studies, our findings
indicate that dairy intake during adolescence, the main source of
dietary calcium, may play a role in the development of colorectal
neoplasia, independent of adult intake.

ACKNOWLEDGEMENTS
The authors would like to thank the Channing Division of Network Medicine,
Department of Medicine, Brigham and Women’s Hospital and Harvard Medical
School. The authors would like to thank the participants and staff of the Nurses’
Health Study II for their valuable contributions as well as the following state cancer
registries for their help: AL, AZ, AR, CA, CO, CT, DE, FL, GA, ID, IL, IN, IA, KY, LA, ME, MD,

Dairy intake during adolescence and risk of colorectal adenoma later in. . .
K Nimptsch et al.

1166



MA, MI, NE, NH, NJ, NY, NC, ND, OH, OK, OR, PA, RI, SC, TN, TX, VA, WA and WY. The
authors assume full responsibility for analyses and interpretation of these data.

AUTHOR CONTRIBUTIONS
K.N.: designed and conducted the research, analysed data, wrote the manuscript, and
had primary responsibility for the final content; D.H.L., X.Z., M.S., M.S.F., L.R., Y.C., S.O.,
T.P. and E.G.: helped with the analysis and helped write the manuscript; A.T.C., C.F.,
J.M., J.A.N. and W.C.W.: helped with the project design and edited the manuscript;
and K.W.: helped with the project design and interpretation of data and helped write
the manuscript.

ADDITIONAL INFORMATION
Ethics approval and consent to participate This study was approved by the
Institutional Review Boards of the Brigham and Women’s Hospital and the Harvard
T.H. Chan School of Public Health and of participating registries as required.
Completion of the questionnaire was considered to imply informed consent.

Consent to publish Not applicable.

Data availability Further information, including the procedures to obtain and access
data from the Nurses’ Health Studies is described at https://www.nurseshealthstudy.
org/researchers (contact email: nhsaccess@channing.harvard.edu).

Competing interests Jeffrey Meyerhardt has received institutional research funding
from Boston Biomedical, has served as an advisor/consultant to Ignyta and COTA
Healthcare, and served on a grant review panel for the National Comprehensive
Cancer Network funded by Taiho Pharmaceutical. Andrew T. Chan has previously
served as a consultant to Bayer Pharma AG, Pfizer Inc., and Boehringer Ingelheim for
topics unrelated to this manuscript. Charles S. Fuchs reports consulting role for Agios,
Amylin Pharmaceuticals, Bain Capital, CytomX Therapeutics, Daiichi-Sankyo, Eli Lilly,
Entrinsic Health, Evolveimmune Therapeutics, Genentech, Merck, Taiho, and Unum
Therapeutics. He also serves as a Director for CytomX Therapeutics and owns
unexercised stock options for CytomX and Entrinsic Health. He is a co-Founder of
Evolveimmune Therapeutics and has equity in this private company. He had
provided expert testimony for Amylin Pharmaceuticals and Eli Lilly. Shuji Ogino is a
member of the Editorial Board of British Journal of Cancer. All other authors declare
no competing interests

Funding information The Nurses’ Health Study II was funded by the National Cancer
Institute, National Institutes of Health (U01 CA176726, R01 CA67262, and U01
HL145386) and this project was funded by grants R03 CA197879 (to KW), R21
CA222940 to (K.W. and R. Nishihara), R21 CA230873 (to K.W. and S.O.), K99 CA215314
(to M.S.), R00 CA215314 (to M.S.), R35 CA197735 (to SO), R35 CA253185 (to A.T.C.), K07
CA218377 (to Y.C.) and K07 CA188126 (to X.Z.). This work was also in part supported
by an Investigator Initiated Grant from the American Institute for Cancer Research
(AICR) to K.W. In addition, this work was supported by American Cancer Society
Research Scholar Grant (RSG130476 to X.Z.), the American Cancer Society Research
Mentored Research Scholar Grant (MRSG-17-220-01 to M.S.), the Stuart and Suzanne
Steele MGH Research Scholar Award (ATC), the Raymond P. Lavietes Foundation and
the National Comprehensive Cancer Network Young Investigator Awards (to Y.C.), the
Bill and Melinda Gates Foundation (to W.C.W.) and the Breast Cancer Research Fund
(to W.C.W.). Open Access funding enabled and organized by Projekt DEAL.

Supplementary information is available for this paper at https://doi.org/10.1038/
s41416-020-01203-x.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. Nimptsch K. W. K. Is timing important? The role of diet and lifestyle during early

life on colorectal neoplasia. Curr. Colorectal Cancer Rep. 14, 1–11 (2018).
2. Uauy, R. & Solomons, N. Diet, nutrition, and the life-course approach to cancer

prevention. J. Nutr. 135, 2934S–2945SS (2005).
3. Siegel R. L., Fedewa S. A., Anderson W. F., Miller K. D., Ma J., Rosenberg P. S., et al.

Colorectal cancer incidence patterns in the United States, 1974-2013. J. Natl
Cancer Inst. 109, djw322 (2017).

4. Aune, D., Lau, R., Chan, D. S., Vieira, R., Greenwood, D. C., Kampman, E. et al. Dairy
products and colorectal cancer risk: a systematic review and meta-analysis of
cohort studies. Ann. Oncol. 23, 37–45 (2012).

5. Cho, E., Smith-Warner, S. A., Spiegelman, D., Beeson, W. L., van den Brandt, P. A.,
Colditz, G. A. et al. Dairy foods, calcium, and colorectal cancer: a pooled analysis
of 10 cohort studies. J. Natl Cancer Inst. 96, 1015–1022 (2004).

6. Keum, N., Aune, D., Greenwood, D. C., Ju, W. & Giovannucci, E. L. Calcium intake
and colorectal cancer risk: dose-response meta-analysis of prospective observa-
tional studies. Int. J. Cancer 135, 1940–1948 (2014).

7. Bailey, R. L., Dodd, K. W., Goldman, J. A., Gahche, J. J., Dwyer, J. T., Moshfegh, A. J.
et al. Estimation of total usual calcium and vitamin D intakes in the United States.
J. Nutr. 140, 817–822 (2010).

8. Kranz S., Lin P. J. & Wagstaff D. A. Children’s dairy intake in the United States: too
little, too fat? J. Pediatr. 151, 642–646.6e1–2 (2007).

9. Wallace, T. C., McBurney, M. & Fulgoni, V. L. 3rd Multivitamin/mineral supplement
contribution to micronutrient intakes in the United States, 2007-2010. J. Am. Coll.
Nutr. 33, 94–102 (2014).

10. Ruder, E. H., Thiebaut, A. C., Thompson, F. E., Potischman, N., Subar, A. F., Park, Y.
et al. Adolescent and mid-life diet: risk of colorectal cancer in the NIH-AARP Diet
and Health Study. Am. J. Clin. Nutr. 94, 1607–1619 (2011).

11. van der Pols, J. C., Bain, C., Gunnell, D., Smith, G. D., Frobisher, C. & Martin, R. M.
Childhood dairy intake and adult cancer risk: 65-y follow-up of the Boyd Orr
cohort. Am. J. Clin. Nutr. 86, 1722–1729 (2007).

12. Leslie, A., Carey, F. A., Pratt, N. R. & Steele, R. J. The colorectal adenoma-carcinoma
sequence. Br. J. Surg. 89, 845–860 (2002).

13. Cho, E., Holmes, M., Hankinson, S. E. & Willett, W. C. Nutrients involved in one-
carbon metabolism and risk of breast cancer among premenopausal women.
Cancer Epidemiol. Biomark. Prev. 16, 2787–2790 (2007).

14. Nimptsch, K., Bernstein, A. M., Giovannucci, E., Fuchs, C. S., Willett, W. C. & Wu, K.
Dietary intakes of red meat, poultry, and fish during high school and risk of
colorectal adenomas in women. Am. J. Epidemiol. 178, 172–183 (2013).

15. Maruti, S. S., Feskanich, D., Colditz, G. A., Frazier, A. L., Sampson, L. A., Michels, K. B.
et al. Adult recall of adolescent diet: reproducibility and comparison with
maternal reporting. Am. J. Epidemiol. 161, 89–97 (2005).

16. Maruti, S. S., Feskanich, D., Rockett, H. R., Colditz, G. A., Sampson, L. A. & Willett, W.
C. Validation of adolescent diet recalled by adults. Epidemiology 17, 226–229
(2006).

17. Feskanich, D., Rimm, E. B., Giovannucci, E. L., Colditz, G. A., Stampfer, M. J., Litin, L.
B. et al. Reproducibility and validity of food intake measurements from a semi-
quantitative food frequency questionnaire. J. Am. Dietetic Assoc. 93, 790–796
(1993).

18. Hu, F. B., Rimm, E., Smith-Warner, S. A., Feskanich, D., Stampfer, M. J., Ascherio, A.
et al. Reproducibility and validity of dietary patterns assessed with a food-
frequency questionnaire. Am. J. Clin. Nutr. 69, 243–249 (1999).

19. Salvini, S., Hunter, D. J., Sampson, L., Stampfer, M. J., Colditz, G. A., Rosner, B. et al.
Food-based validation of a dietary questionnaire: the effects of week-to-week
variation in food consumption. Int. J. Epidemiol. 18, 858–867 (1989).

20. Willett, W. Nutritional Epidemiology. (Oxford University Press USA, New York,
2013).

21. Hu, F. B., Stampfer, M. J., Rimm, E., Ascherio, A., Rosner, B. A., Spiegelman, D. et al.
Dietary fat and coronary heart disease: a comparison of approaches for adjusting
for total energy intake and modeling repeated dietary measurements. Am. J.
Epidemiol.149, 531–540 (1999).

22. Therneau, T. M. & Hamilton, S. A. rhDNase as an example of recurrent event
analysis. Stat. Med. 16, 2029–2047 (1997).

23. Cao, Y., Keum, N. N., Chan, A. T., Fuchs, C. S., Wu, K. & Giovannucci, E. L. Television
watching and risk of colorectal adenoma. Br. J. Cancer 112, 934–942 (2015).

24. Cao, Y., Wu, K., Mehta, R., Drew, D. A., Song, M., Lochhead, P. et al. Long-term use
of antibiotics and risk of colorectal adenoma. Gut 67, 672–678 (2018).

25. He, X., Wu, K., Ogino, S., Giovannucci, E. L., Chan, A. T. & Song, M. Association
between risk factors for colorectal cancer and risk of serrated polyps and con-
ventional adenomas. Gastroenterology 155, 355–73.e18 (2018).

26. World Cancer Research Fund International/American Institute for Cancer
Research. Continuous Update Project Report: Diet, Nutrition, Physical Activity and
Colorectal Cancer (2017).

27. Rezende, L. F. M., Lee, D. H., Keum, N., Nimptsch, K., Song, M., Lee, I. M. et al.
Physical activity during adolescence and risk of colorectal adenoma later in life:
results from the Nurses’ Health Study II. Br. J. Cancer 121, 86–94 (2019).

28. Keum, N., Lee, D. H., Greenwood, D. C., Zhang, X. & Giovannucci, E. L. Calcium
intake and colorectal adenoma risk: dose-response meta-analysis of prospective
observational studies. Int. J. Cancer 136, 1680–1687 (2015).

29. Nimptsch, K., Malik, V. S., Fung, T. T., Pischon, T., Hu, F. B., Willett, W. C. et al.
Dietary patterns during high school and risk of colorectal adenoma in a cohort of
middle-aged women. Int. J. Cancer 134, 2458–2467 (2014).

Dairy intake during adolescence and risk of colorectal adenoma later in. . .
K Nimptsch et al.

1167

https://www.nurseshealthstudy.org/researchers
https://www.nurseshealthstudy.org/researchers
https://doi.org/10.1038/s41416-020-01203-x
https://doi.org/10.1038/s41416-020-01203-x


30. U.S. Department of Health and Human Services and U.S. Department of Agri-
culture. 2015–2020 Dietary Guidelines for Americans.

31. Kampman, E., Goldbohm, R. A. & van den Brandt, P. A. van ‘t Veer P. Fermented
dairy products, calcium, and colorectal cancer in The Netherlands Cohort Study.
Cancer Res. 54, 3186–3190 (1994).

32. Kesse, E., Boutron-Ruault, M. C., Norat, T., Riboli, E., Clavel-Chapelon, F. & Group, E.
N. Dietary calcium, phosphorus, vitamin D, dairy products and the risk of color-
ectal adenoma and cancer among French women of the E3N-EPIC prospective
study. Int. J. Cancer 117, 137–144 (2005).

33. Um, C. Y., Fedirko, V., Flanders, W. D., Judd, S. E. & Bostick, R. M. Associations of
Calcium and Milk Product Intakes with Incident, Sporadic Colorectal Adenomas.
Nutr. cancer 69, 416–427 (2017).

34. IoM. Similarities and dissimilarities in physiology, metabolism, and disease states
and responses to therapy in children and adults. Roundtable on research and
development of drugs, biologics, and medical devices. Workshop summary Yaffe
S., editor. (National Academies Press (US), Washington, DC, 2000).

35. Caprio, S., Plewe, G., Diamond, M. P., Simonson, D. C., Boulware, S. D., Sherwin, R.
S. et al. Increased insulin secretion in puberty: a compensatory response to
reductions in insulin sensitivity. J. Pediatr. 114, 963–967 (1989).

36. Smith, C. P., Dunger, D. B., Williams, A. J., Taylor, A. M., Perry, L. A., Gale, E. A. et al.
Relationship between insulin, insulin-like growth factor I, and dehydroepian-
drosterone sulfate concentrations during childhood, puberty, and adult life. J.
Clin. Endocrinol. Metab. 68, 932–937 (1989).

37. Newmark, H. L., Wargovich, M. J. & Bruce, W. R. Colon cancer and dietary fat,
phosphate, and calcium: a hypothesis. J. Natl Cancer Inst. 72, 1323–1325 (1984).

38. Lamprecht, S. A. & Lipkin, M. Cellular mechanisms of calcium and vitamin D in the
inhibition of colorectal carcinogenesis. Ann. N. Y. Acad. Sci. 952, 73–87 (2001).

39. Ahearn, T. U., Shaukat, A., Flanders, W. D., Rutherford, R. E. & Bostick, R. M. A
randomized clinical trial of the effects of supplemental calcium and vitamin D3
on the APC/beta-catenin pathway in the normal mucosa of colorectal adenoma
patients. Cancer Prev. Res. (Phila.) 5, 1247–1256 (2012).

40. Aggarwal, A., Prinz-Wohlgenannt, M., Tennakoon, S., Hobaus, J., Boudot, C.,
Mentaverri, R. et al. The calcium-sensing receptor: a promising target for pre-
vention of colorectal cancer. Biochim. Biophys. Acta 1853, 2158–2167 (2015).

41. Wen, L. & Duffy, A. Factors influencing the gut microbiota, inflammation, and type
2 diabetes. J. Nutr. 147, 1468S–1475SS (2017).

42. de Moreno de Leblanc, A. & Perdigon, G. Yogurt feeding inhibits promotion and
progression of experimental colorectal cancer. Med. Sci. Monit. 10, BR96–BR104
(2004).

43. Pala, V., Sieri, S., Berrino, F., Vineis, P., Sacerdote, C., Palli, D. et al. Yogurt con-
sumption and risk of colorectal cancer in the Italian European prospective inves-
tigation into cancer and nutrition cohort. Int. J. Cancer 129, 2712–2719 (2011).

44. Jarvinen, R., Knekt, P., Hakulinen, T. & Aromaa, A. Prospective study on milk
products, calcium and cancers of the colon and rectum. Eur. J. Clin. Nutr. 55,
1000–1007 (2001).

45. Kearney, J., Giovannucci, E., Rimm, E. B., Ascherio, A., Stampfer, M. J., Colditz, G. A.
et al. Calcium, vitamin D, and dairy foods and the occurrence of colon cancer in
men. Am. J. Epidemiol. 143, 907–917 (1996).

46. Larsson, S. C., Bergkvist, L., Rutegard, J., Giovannucci, E. & Wolk, A. Calcium and
dairy food intakes are inversely associated with colorectal cancer risk in the
Cohort of Swedish Men. The. Am. J. Clin. Nutr. 83, 667–673 (2006). quiz 728-9.

47. Pietinen, P., Malila, N., Virtanen, M., Hartman, T. J., Tangrea, J. A., Albanes, D. et al.
Diet and risk of colorectal cancer in a cohort of Finnish men. Cancer Causes
Control 10, 387–396 (1999).

48. Murphy, N., Norat, T., Ferrari, P., Jenab, M., Bueno-de-Mesquita, B., Skeie, G. et al.
Consumption of dairy products and colorectal cancer in the European Pro-
spective Investigation into Cancer and Nutrition (EPIC). PLoS ONE 8, e72715
(2013).

49. Norat, T. & Riboli, E. Dairy products and colorectal cancer. a review of possible
mechanisms and epidemiological evidence. Eur. J. Clin. Nutr. 57, 1–17 (2003).

50. Massa, J., Cho, E., Orav, E. J., Willett, W. C., Wu, K. & Giovannucci, E. L. Total calcium
intake and colorectal adenoma in young women. Cancer Causes Control 25,
451–460 (2014).

51. Rampersaud, G. C., Bailey, L. B. & Kauwell, G. P. National survey beverage
consumption data for children and adolescents indicate the need to encourage
a shift toward more nutritive beverages. J. Am. Dietetic Assoc. 103, 97–100
(2003).

52. Zhang, X., Keum, N., Wu, K., Smith-Warner, S. A., Ogino, S., Chan, A. T. et al.
Calcium intake and colorectal cancer risk: Results from the nurses’ health study
and health professionals follow-up study. Int. J. Cancer 139, 2232–2242 (2016).

53. Vieira, A. R., Abar, L., Chan, D. S. M., Vingeliene, S., Polemiti, E., Stevens, C. et al.
Foods and beverages and colorectal cancer risk: a systematic review and meta-
analysis of cohort studies, an update of the evidence of the WCRF-AICR Con-
tinuous Update Project. Ann. Oncol. 28, 1788–1802 (2017).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2020

Dairy intake during adolescence and risk of colorectal adenoma later in. . .
K Nimptsch et al.

1168

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Dairy intake during adolescence and risk of colorectal adenoma later in life
	Background
	Methods
	Study population
	Ascertainment of outcome
	Assessment of diet
	High school diet
	Adult diet
	Dairy intake
	Calcium intake

	Statistical analysis

	Results
	Dairy intake during high school and adenoma later in life
	Individual dairy foods and adenoma
	Role of calcium intake on observed associations
	Joint association of dairy intake during adolescence and adulthood
	Analysis stratified by age at diagnosis, family history of CRC, reason for endoscopy and behavioural factors

	Discussion
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




