UCLA
UCLA Previously Published Works

Title

Postdiagnostic dairy products intake and colorectal cancer survival in US males and
females

Permalink
https://escholarship.org/uc/item/46x3s885
Journal

American Journal of Clinical Nutrition, 113(6)

ISSN
0002-9165

Authors

Liu, Xing
Yang, Wanshui
Wu, Kana

Publication Date
2021-06-01

DOI
10.1093/ajcn/nqab059

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/46x3s88s
https://escholarship.org/uc/item/46x3s88s#author
https://escholarship.org
http://www.cdlib.org/

r\

See corresponding editorial on page 1388 and article on pages

1447 and 1458.

Postdiagnostic dairy products intake and colorectal cancer survival in

US males and females

Xing Liu,"? Wanshui Yang,“ Kana Wu,! Shuji 0gin0,1’5'6'7 Weibing Wang,2 Na He,? Andrew T Chan,>"8°
Zuo-Feng Zhang,'*"! Jeffrey A Meyerhardt,"”> Edward Giovannucci,”>'0 and Xuehong Zhang">

lDepartment of Nutrition, T. H. Chan School of Public Health, Harvard University, Boston, MA, USA; 2Depau’tment of Epidemiology, School of Public Health,
Fudan University, Shanghai, P.R. China; >Channing Division of Network Medicine, Department of Medicine, Brigham and Women’s Hospital and Harvard
Medical School, Boston, MA, USA; 4Department of Nutrition, School of Public Health, Anhui Medical University, Hefei, Anhui, P.R. China; 5 Department of
Oncologic Pathology, Dana-Farber Cancer Institute and Harvard Medical School, Boston, MA, USA; ®Program in MPE Molecular Pathological Epidemiology,
Department of Pathology, Brigham and Women’s Hospital and Harvard Medical School, Boston, MA, USA; "Broad Institute of MIT and Harvard, Cambridge,
MA, USA; 8Division of Gastroenterology, Massachusetts General Hospital and Harvard Medical School, Boston, MA, USA; 9Clinical and Translational
Epidemiology Unit, Massachusetts General Hospital and Harvard Medical School, Boston, MA, USA; '"Department of Epidemiology, Fielding School of
Public Health, University of California, Los Angeles, CA, USA; HJonsson Comprehensive Cancer Center, UCLA, Los Angeles, CA, USA; and 'zDepartment

of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA, USA

ABSTRACT

Background: To evaluate the association between postdiagnostic
dairy intake and survival among patients with colorectal cancer
(CRO).

Methods: This study analyzed data from the Nurses’ Health Study
(NHS) and the Health Professionals Follow-up Study (HPES).
Postdiagnostic dairy intake and other dietary and lifestyle factors
were obtained from validated questionnaires. Individual dairy items
including milk, cheese, yogurt, and so on were reported, and total,
high-fat, and low-fat dairy intakes were derived.

Results: A total of 1753 eligible CRC cases were identified
until 2012, from which 703 deaths were documented after a
median follow-up time of 8.2 y, and 242 were due to CRC.
Overall, when comparing those who consumed 21+ servings/wk
with <7 servings/wk, postdiagnostic total dairy intake did not show
significant associations with CRC-specific mortality (HR: 1.35; 95%
CI: 0.85, 2.13) or overall mortality (HR: 1.28; 95% CI: 0.98, 1.67).
However, high-fat dairy, including whole milk and cream cheese,
was positively associated with overall mortality (HR: 1.33; 95% CI:
1.08, 1.65) but not significantly with CRC-specific mortality (HR:
1.31; 95% CI: 0.91, 1.90) when comparing those who consumed
10.5+ servings/wk with <3.5 servings/wk. For the same comparison,
low-fat dairy, including skim or nonfat milk and cottage cheese, was
inversely associated with overall mortality (HR: 0.74; 95% CI: 0.59,
0.92) but not CRC-specific mortality (HR: 0.91; 95% CI: 0.63, 1.29).
Conclusions: Total dairy products intake did not show significant
association with CRC-specific or overall mortality. However, high
intake of high-fat dairy products was associated with increased
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mortality, whereas low-fat dairy was associated with lower risk of
overall mortality. ~ Am J Clin Nutr 2021;113:1636-1646.
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Background

Colorectal cancer (CRC) is ranked third in incidence and
second in mortality among cancers worldwide in 2020, with
more than 1.9 million new cases diagnosed annually (1). The
high incidence is partially due to unhealthy dietary patterns and
lifestyle factors and obesity, whereas mortality was improved
in more developed countries by early detection of CRC and
precursor lesions from screening and treatment in time (2, 3). As
the number of people with CRC is growing, many are seeking
advice for effective dietary and lifestyle modifications, which
requires a better understanding of the relevant factors (4).

Dairy products are among the most commonly consumed
food in Western countries, including the United States (5, 6).
They provide important nutrients, including protein; calcium;
potassium; phosphorus; vitamins A, D, and B-12; riboflavin; and
niacin. However, the high content of saturated fat may have some
deleterious health consequences (7). Previous studies have exam-
ined the associations of nutrients from dairy products, including
calcium and vitamin D, with CRC survival. For example, higher
calcium intake was associated with lower mortality after CRC
diagnosis (8, 9). Although no clear association has been found
between vitamin D intakes and CRC survival (9), plasma 25(OH)
vitamin D concentration was inversely associated with CRC
mortality (10, 11). Recent randomized controlled clinical trials
reported benefits from high-dose vitamin D intake for survival
among patients with advanced CRC (12) and suggestively with
digestive cancer survival (13). Three prospective studies have
examined the associations between dairy food intake and CRC-
specific survival and overall survival. Null associations have been
reported for total dairy intake (HR: 0.73-1.17), yogurt (HR:
1.08-1.09), and cheese (HR: 0.87-0.93), whereas null or positive
associations have been reported for milk (HR: 0.72-1.21) (9, 14,
15). Two of the studies used baseline dietary information before
cancer diagnosis, and limited dairy items were examined. Dairy
products are diverse, and the nutrient compositions vary, which
may have different effects. One systematic review indicated
an inverse association between total dairy products intake and
CRC incidence, but the associations varied across types of dairy
products (16). Thus, we examined both total intake of dairy
products and individual dairy items after CRC diagnosis in
relation to survival of patients with CRC.

We used 2 large cohorts that had comprehensive data collected
on dietary and lifestyle factors and sufficient CRC cases to
investigate postdiagnostic intake of dairy products and CRC-
specific survival and overall survival in the US population.

Methods

Study cohorts

Participants were from the Nurses’ Health Study (NHS)
established in 1976 with 121,700 female registered nurses aged
30-55 y at baseline and the Health Professionals Follow-up
Study (HPFES) established in 1986 with 51,529 male dentists,
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veterinarians, pharmacists, optometrists, osteopath physicians,
and podiatrists aged 40-75 y. A questionnaire collecting detailed
information on demographic characteristics, lifestyle factors, and
medical history was returned by participants at baseline and
biennially during follow-up in both cohorts. The response rates
were >90% for both cohorts throughout the years.

Study participants

During follow-up, the incident CRC cases were identified by
report from returned biennial questionnaires. Patients were then
asked for written permission to access their medical records,
including pathologic reports. For those participants who did
not respond, the state cancer registries and the National Death
Index (NDI) were searched to identify CRC diagnosis or CRC-
related death (17). For CRC-related deaths identified from the
NDI, we requested the permission for medical records review
from next-of-kin of the participants. CRC was defined as a
primary tumor with International Classification of Diseases,
Ninth Revision codes of 153 (malignant neoplasm of colon) and
154 (malignant neoplasm of rectum and rectosigmoid junction).
The obtained medical and pathologic records were reviewed
carefully to confirm CRC diagnoses. Tumor-related information,
including anatomic location, stage, differentiation, and histologic
type, was extracted by study physicians with no idea of potential
exposure data.

By June 1, 2012, for the NHS and January 31, 2012, for
the HPFS, a total of 3924 CRC cases were identified. We set
these cutoffs to allow time to assess mortality after diagnosis.
Exclusion criteria included the following: participants died
before 1980 for NHS or 1986 for HPES, cancer diagnoses before
1980 for NHS or 1986 for HPFS, cancer diagnosed after the end
of this study period, participants died before cancer diagnosis,
CRC cases at stage IV, missing data on dietary report, missing
data on dairy intake, and dairy information assessed <6 mo or
>4 y after CRC diagnosis (Supplemental Figure 1). The study
protocol was approved by the institutional review boards of the
Brigham and Women’s Hospital and Harvard T. H. Chan School
of Public Health, as well as those of participating registries as
required.

Assessment of outcome

Death and cause of death were identified by reviewing the NDI
and the postal office or the next-of-kin in response to the follow-
up questionnaires. Death information was reviewed by cohort
investigators, and the primary cause of death was determined.

Assessment of dairy product consumption

A 116-item FFQ for food intake was administered to
participants from the NHS in 1984 and was expanded to a 131-
item FFQ in 1986 to collect updated diet information every 4 y
thereafter. A similar FFQ was used for HPFS participants every
4y since 1986.

In FFQs, participants were asked how often, on average, they
consumed a standard serving of each dairy product item in the
previous year. The frequency was described in 9 categories,
ranging from “never or less than once per month” to “6 or
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more times per day.” The dairy product items and their standard
serving sizes included “skim or low-fat milk” (8-oz glass, 1 oz =
25.57 mL), “whole milk” (8-0z glass, 1 oz = 25.57 mL), “cottage
or ricotta cheese” (1/2 cup), “cream cheese” (1 oz, 25.57 mL),
“other cheese (including American, cheddar)” (1 slice or 1 oz,
25.57 mL), “yogurt” (4-6 oz, 1 oz = 25.57 mL), “cream”
(1 tablespoon), “ice cream” (1 cup), “sherbet” (1 cup), and
“butter” (spread). Consistent with previous studies from the
same cohorts (18, 19), consumption of total dairy products
was calculated as the sum of intakes of each individual item.
Moreover, intake of “skim or low-fat milk” and “whole milk”
was summed up to “milk.” “Cottage or ricotta cheese,” “cream
cheese,” and “other cheese” were summed up to “total cheese.”
We also calculated total consumption of low-fat dairy products,
including “sherbet,” “skim or low-fat milk,” “yogurt,” and
“cottage or ricotta cheese,” and total consumption of high-fat
dairy products, including “whole milk,” “cream,” “ice cream,”
“cream cheese,” “other cheese,” and “butter.” The evaluation
of the validity and precision of the FFQ has been described in
detail in previous publications (20-23). Briefly, the correlation
coefficients of intakes based on four 1-wk dietary records from
1 y with the FFQ for each dairy product item ranged from 0.57
for other cheese to 0.97 for yogurt (21). To facilitate future
comparisons across studies from different populations, absolute
categories of dairy intake were used instead of relative cutoffs
such as quintiles in this analysis.

Assessment of covariates

Information on BMI (in kg/m?), physical activity (metabolic
equivalents from recreational and leisure-time activities, METs
h/wk), current cigarette smoking status, pack-year of smoking,
alcohol intake (g/d), regular aspirin use (>2 tablet/wk), family
history of CRC, and postmenopausal hormone use (only for
nurses) were obtained from the biennial questionnaires for
participants from both cohorts. Other dietary factors, including
red meat and processed meat intake, and dietary components
including fiber, fat, folate, calcium, vitamin D, total energy intake
(kcal/d), Alternative Healthy Eating Index (AHEI), and so on
were collected or derived from the FFQ every 4 y.

Statistical analysis

Person-years to event was calculated for each participant from
the date of FFQ return for postdiagnostic assessment to death or
the end of this observation (June 1, 2012, for the NHS and January
31, 2012, for the HPFS), whichever came first. Because active
treatment right after diagnosis might affect diet, postdiagnostic
intake was defined as dietary intake from the first FFQ collected
at least 6 mo and no more than 4 y after diagnosis, as consistent
with previous studies from the same cohorts (8). Cox proportional
hazard regression models were used to estimate HRs and 95% ClIs
for death comparing different levels of dairy product intake. Cox
regressions were stratified by age, tumor stage, and study cohort,
and were adjusted for tumor differentiation, tumor subsite, year
of diagnosis, time between CRC diagnosis and measurement of
dairy food intake assessment, and prediagnostic total dairy intake.
The covariates further included in the models were postdiagnostic
BMLI, physical activity, pack-year of smoking, alcohol drinking,
total energy intake, family history of CRC, and postmenopausal
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hormone use (only for females). Data were analyzed all together
first because there was no statistically heterogeneity by sex
(P-heterogeneity = 0.99 for total dairy intake and overall
survival), and then stratified analyses were conducted by sex and
other important covariates.

We excluded participants if they missed information on all
items regarding dairy intake. For dairy categories, they were
the sum of individual items in that category. If a participant
missed information on 1 item, the category variable was still
calculated from all other items available in that category. Previous
studies in our cohorts had shown that most missing individual
items in the FFQs were from individuals not consuming that
item (24). The proportions of participants missing information on
dairy items ranged from O for yogurt to 0.6% for cream cheese.
For those who missed information for covariates on 1 round of
follow-up, the data from the previous round were carried forward.
The proportions of missing for covariates ranged from 0% to
6.6%, except that the proportion of missing for cancer stage was
13%. For those who missed information on covariates, a missing
category was assigned and entered into the regression analyses.

In sensitivity analyses, more covariates were added to the
model, including postdiagnostic AHEI, intake of vitamin D,
folate, total fat, w-3 fatty acids, w-6 fatty acids, fiber, red meat,
and multivitamin. Although the AHEI includes dairy foods as one
of the components, it serves here as an index for overall dietary
quality (25). Sensitivity analysis was also conducted by excluding
those patients with unknown stage for cancer diagnosis, including
stage IV patients, and excluding those who died within 3 mo of
FFQ return.

SAS 9.4 software was used for all analyses (SAS Institute).

Results

A total of 1753 CRC cases, including 1074 from the NHS and
679 from the HPES, were included in this study. The median
follow-up time was 8.2 y from the date of returning the FFQ after
diagnosis of CRC to the end of the observation. During follow-
up, 703 deaths occurred (391 from the NHS and 312 from the
HPFES), including 242 deaths due to CRC (159 from the NHS
and 83 from the HPFS). The median intake of postdiagnostic
total dairy was 13.5 servings/wk (IQR: 8.5, 22.5 servings/wk)
for females and 11.6 servings/wk (IQR: 7.5, 19.0 servings/wk)
for males. The level of postdiagnostic total dairy product intake
was categorized and analyzed in 4 groups (<7, 7 to <14, 14 to
<21, 214 servings/wk), and participants with higher total dairy
intake tended to have higher BMI, had a lower AHEI, and were
less likely to smoke, drink alcohol, or use aspirin (Table 1).
Similar patterns were observed for male and female participants
(Supplemental Table 1).

Postdiagnostic intake of total dairy products did not show sig-
nificant associations with CRC-specific mortality (HR: 1.35; 95%
CI: 0.85, 2.13; 214 compared with <7 servings/wk) and overall
mortality (HR: 1.28; 95% CI: 0.98, 1.67; 214 compared with
<7 servings/wk) in multivariable models (Table 2). Higher
intake of high-fat dairy showed positive association with overall
mortality (HR: 1.33; 95% CI: 1.08, 1.65; 10.54 compared with
<3.5 servings/wk) but not CRC-specific mortality (HR: 1.31;
95% CI: 0.91, 1.90; 10.54+ compared with <3.5 servings/wk).
Higher intake of low-fat dairy showed an inverse association
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TABLE 1 (Continued)

Postdiagnostic dairy intake, servings/wk

High-fat dairy

Low-fat dairy

Total dairy

10.5+
(n=378)

7to <10.5
(n=284)

3.5t0 <7
(n = 405)

35
(n = 686)

<

10.5+
(n=493)

<35 3.5t0 <7 7to<10.5
(n=2328) (n=423)

(n=1509)

214

(n = 456)

7to <14 14 to <21

(n=614)

<7
(n=324)

(n=359)

Characteristic

Tumor grade, %

144 16.6 15.0 159 16.4 12.6 15.5 16.8 14.0 10.7 16.1
56.5

14.7

Grade 1 well differentiated
Grade 2 moderately differentiated

Grade 3 poorly differentiated

Unspecified
Tumor stage, %

54.8

57.3

58.8

55.1

529

57.9

58.6

54.1

50.1

60.2

59.7

13.2

15.1

10.5

13.9

16.1

13.6

11.2

10.5

15.2

16.4

104

11.2

15.9

16.9

16.6

14.3

15.6

15.8

15.9

15.0

15.6

16.9

15.0

144

33.5 34.3 34.7 33.2 32.5 34.0 34.8 34.7 31.8 32.3 35.1

323

Stage I
Stage 11

28.8

29.7

27.6

29.2

26.9

30.2

29.2

29.9

28.7

25.8

31.5

28.8

23.4 23.6 24.8 222 25.8 22.4 26.5 24.0 26.9 24.7 21.6

25.2

Stage 111

11.6 16.3 11.8 14.7 12.6 134 11.8 12.1 13.6 133 14.5

13.6

Unspecified

!'Values are means for continuous variables; percentages are calculated for categorical variables and are standardized to the age distribution of the study population. Values of polytomous variables may not

sum to 100% due to rounding.

2METs, metabolic equivalents from recreational and leisure-time activities.
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with overall mortality (HR: 0.74; 95% CI: 0.59, 0.92; 10.5+
compared with <3.5 servings/wk) but not CRC-specific mor-
tality (HR: 0.91; 95% CI: 0.63, 1.29; 10.54+ compared with
<3.5 servings/wk). Associations between individual items of
dairy product with survival were also shown in Table 2. The
overall results were similar for males and females, although the
associations slightly varied across sexes for different dairy items
(Supplemental Tables 2 and 3).

In stratified analyses, total dairy intake of 214 servings/wk
compared with <7 servings/wk was positively associated with
CRC-specific mortality among those aged <65 y (HR: 2.42;
95% CI: 1.23, 4.78; P-interaction < 0.01) and among those
females who never used postmenopausal hormone (HR: 3.05;
95% CI: 1.45, 6.41; P-interaction = 0.07). It was also positively
associated with overall mortality among those females who never
used postmenopausal hormone (HR: 1.76; 95% CI: 1.12, 2.77;
P-interaction = 0.03) (Table 3). Stratified analyses were also
performed for high-fat (Supplemental Table 4) and low-fat dairy
(Supplemental Table 5).

Prediagnostic dairy product intake was not significantly asso-
ciated with survival among patients with CRC (Supplemental
Table 6).

In sensitivity analyses, first, more covariates were added to
the model, including postdiagnostic AHEI and intake of vitamin
D, folate, total fat, w-3 fatty acids, w-6 fatty acids, fiber, red
meat, and multivitamins. There was no significant change in
the observed associations. Second, when those who died within
3 mo of FFQ return were excluded from the analyses, no obvious
change for the conclusions was noted. Third, instead of adjusting
for prediagnostic total dairy intake in models, prediagnostic
high-fat dairy was adjusted for in examining the association
between postdiagnostic high-fat dairy and CRC survival, and
prediagnostic low-fat dairy was adjusted for in examining
postdiagnostic low-fat intake; this change did not affect the
results. Fourth, when postdiagnostic high-fat dairy and low-fat
dairy were included in 1 regression model simultaneously, with
or without adjusting for prediagnostic total dairy, the associations
remained similar (Supplemental Table 7). Fifth, we defined
intake of less than 7 servings/week as low level of high-fat or
low-fat dairy intake, analyzed the association for high-fat dairy
among those low-level intakers of low-fat dairy, and vice versa.
We found that the positive associations between high-fat dairy
and mortality remained, while the associations for low-fat dairy
attenuated (Supplemental Table 8). Sixth, after excluding those
patients with unknown stage for cancer diagnosis, including stage
IV patients, or excluding those who died within 3 mo of FFQ
return, the direction and magnitude of the associations remained
similar (data not shown).

Discussion

After following up 1753 US participants with nonmetastatic
CRC, this study suggested that higher intake of high-fat dairy
was associated with ~33% increase in overall mortality, whereas
higher intake of low-fat dairy was associated with ~26% risk
reduction in overall mortality.

Dairy products have been associated with reduced risk of
several cancers, including CRC (26, 27). One meta-analysis
based on 19 cohort studies reported reduction in CRC risk
among those who had a higher intake of total dairy products,
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TABLE 3 Stratified analyses of postdiagnostic total dairy intake with survival among patients with colorectal cancer

1

CRC-specific survival

Overall survival

Servings/wk, HR (95% CI)

Servings/wk, HR (95% CI)

21+

7to <14

14 to <21

21+

Characteristic 7to <14 14 to <21
Study
HPFS 1.02 (0.60, 1.73) 0.77 (0.39, 1.52)
NHS 0.91 (0.57, 1.44) 1.17 (0.70, 1.97)
Age,y
<65 0.91 (0.45, 1.83) 1.36 (0.65, 2.86)
65+ 0.99 (0.59, 1.67) 0.85 (0.47, 1.55)
Smoking
Never 2.01 (0.21, 19.6) 1.89(0.17,21.4)
Ever 0.98 (0.64, 1.50) 0.96 (0.59, 1.57)

Alcohol consumption, g/d

<10 0.96 (0.58,1.59)  1.13 (0.64, 2.00)

10+ 0.84 (0.36,1.95)  0.78 (0.27,2.19)
AHEI

<50 0.86 (0.52,1.43) 107 (0.59, 1.92)

50+ 1.08 (0.64, 1.81)  1.03 (0.55, 1.90)
BMI, kg/m?

<25 1.23(0.67,2.27)  1.20 (0.60, 2.37)

25+ 0.69 (0.38,1.22)  0.68 (0.34, 1.36)

Physical activity (METs, h/wk)

<9
9+

Regular aspirin use

1.41 (0.77, 2.56)
0.57 (0.30, 1.09)

1.53(0.78, 3.03)
0.78 (0.38, 1.58)

No 0.90 (0.54,1.49)  0.98 (0.56, 1.74)

Yes 1.09 (0.54, 2.18) 1.05 (0.46, 2.40)
Family history of CRC

No 0.89 (0.56, 1.41) 1.11 (0.66, 1.85)

Yes 1.19(0.46,3.09)  0.62(0.19,2.02)

Cancer subsite
Colon

1.10 (0.65, 1.86)

1.28 (0.71, 2.32)

Rectum 0.77 (0.37,1.60)  0.68 (0.29, 1.63)
Cancer stage

Stage I/11 0.74 (0.45,1.24)  0.52 (0.26, 1.05)

Stage III 2.09 (1.22,3.56)  3.07 (1.65,5.74)

Postmenopausal hormone use

Never
Ever

Years since CRC diagnosis

<5
5+

1.23 (0.60, 2.52)
1.17 (0.48, 2.87)

1.41 (0.72, 2.77)
0.85 (0.45, 1.59)

1.69 (0.77,3.71)
1.07 (0.40, 2.90)

1.10 (0.55, 2.22)
1.04 (0.51, 2.09)

0.91 (0.47, 1.77)
1.58 (0.97, 2.57)

2.42(1.23,4.78)
0.89 (0.49, 1.63)

2.69 (0.27, 26.6)
1.42 (0.88, 2.30)

1.40 (0.81, 2.42)
1.46 (0.60, 3.56)

0.99 (0.56, 1.74)
1.83(1.02, 3.25)

1.94 (1.00, 3.75)
0.92 (0.49, 1.71)

1.98 (1.03, 3.81)
0.98 (0.50, 1.92)

1.30 (0.76, 2.24)
1.56 (0.73, 3.34)

1.43 (0.86, 2.37)
1.12 (0.40, 3.12)

1.60 (0.90, 2.83)
1.06 (0.50, 2.25)

1.03 (0.57, 1.86)
3.26 (1.83, 5.83)

3.05 (1.45, 6.41)
1.41 (0.54, 3.65)

1.11 (0.57, 2.14)
1.77 (0.93, 3.39)

0.99 (0.75, 1.32)
0.85 (0.65, 1.12)

0.87 (0.57, 1.35)
0.94 (0.71, 1.25)

1.07 (0.43, 2.69)
1.04 (0.81, 1.33)

0.97 (0.73, 1.29)
0.88 (0.57, 1.38)

0.87 (0.66, 1.15)
0.93 (0.68, 1.26)

0.98 (0.69, 1.39)
0.89 (0.63, 1.24)

1.09 (0.78, 1.51)
0.74 (0.52, 1.06)

0.91 (0.68, 1.23)
0.93 (0.63, 1.37)

0.86 (0.66, 1.11)
1.29 (0.75, 2.25)

0.98 (0.74, 1.29)
0.71 (0.4, 1.15)

0.89 (0.68, 1.16)
1.27 (0. 90, 1.79)

1.04 (0.69, 1.57)
0.85 (0.49, 1.45)

1.12 (0.69, 1.81)
0.92 (0.69, 1.22)

0.99 (0.70, 1.41)
0.94 (0.69, 1.28)

0.93 (0.57, 1.52)
0.93 (0.67, 1.27)

0.90 (0.32, 2.54)
0.99 (0.74, 1.31)

0.93 (0.68, 1.29)
1.09 (0.64, 1.84)

0.92 (0.66, 1.28)
0.92 (0.65, 1.31)

0.95 (0.64, 1.42)
0.90 (0.61, 1.31)

1.11 (0.76, 1.63)
0.79 (0.53, 1.18)

0.88 (0.63, 1.24)
1.01 (0.65, 1.57)

0.96 (0.71, 1.30)
0.89 (0.48, 1.65)

0.95 (0.68, 1.32)
0.64 (0.38, 1.08)

0.75 (0.54, 1.04)
1.37 (0.90, 2.09)

1.20 (0.75, 1.90)
0.82 (0.45, 1.50)

0.90 (0.53, 1.52)
0.98 (0.71, 1.36)

1.32(0.95, 1.85)
1.10(0.82, 1.48)

1.48 (0.96, 2.29)
1.06 (0.77, 1.47)

0.83(0.29,2.42)
1.35(1.02, 1.80)

1.19(0.87, 1.63)
1.37 (0.83,2.27)

1.03 (0.75, 1.41)
1.27 (0.89, 1.80)

1.28 (0.87, 1.89)
1.04 (0.73, 1.50)

1.37 (0.95, 1.98)
1.06 (0.72, 1.57)

1.06 (0.77, 1.47)
1.50(0.99, 2.27)

1.15 (0.86, 1.55)
1.45 (0.81, 2.60)

1.20 (0.87, 1.64)
0.86 (0.52, 1.40)

1.04 (0.75, 1.43)
1.48 (1.02, 2.16)

1.76 (1.12,2.77)
0.82 (0.46, 1.45)

0.95 (0.58, 1.54)
1.22(0.89, 1.69)

!Postdiagnostic intake at least 6 mo (to avoid potential influence of active treatment) but no more than 4 y after diagnosis of CRC. Cox model stratified
by age at diagnosis (<55, 55-59, 60-64, 65-69, 70-74, and 75+ years), cancer stage (I, II, III, and unspecified), and study (NHS and HPFS), with additional
adjustments for tumor grade of differentiation (well differentiated, moderately differentiated, poorly differentiated, and unspecified), tumor subsite (proximal
colon, distal colon, rectum, and unspecified), year of diagnosis (continuous), time between CRC diagnosis and measurement of dairy food intake assessment
(continuous), prediagnostic intake of total dairy (in quartiles), postdiagnostic BMI (<23, 23-24.9, 25-27.4, 27.5-29.9, 30+ kg/mz), postdiagnostic physical
activity (<3, 3-8.9,9-11.9, 12-17.9, 184+ METs, h/wk), postdiagnostic regular use of aspirin (yes or no), postdiagnostic smoking (0, 1-9, 10-19, 20-39,
40+ pack-years), and postdiagnostic alcohol consumption (<5, 5-14.9, 15+ g/d), except when the factor is the variable for stratification. For CRC-specific
survival, the P values for interaction were 0.05 for cohort, <0.01 for age, 0.98 for smoking, 0.37 for alcohol, 0.12 for AHEI, 0.37 for BMI, 0.36 for physical
activity, 0.67 for regular aspirin use, 0.20 for family history of CRC, 0.69 for cancer subsite, 0.64 for cancer stage, 0.07 for postmenopausal hormone use, and
0.21 for years since CRC diagnosis. For overall survival, the P values for interaction were 0.99 for cohort, 0.05 for age, 0.16 for smoking, 0.30 for alcohol,
0.53 for AHEI, 0.48 for BMI, 0.98 for physical activity, 0.41 for regular aspirin use, 0.48 for family history of CRC, 0.46 for cancer subsite, 0.67 for cancer

stage, 0.03 for postmenopausal hormone use, and 0.16 for years since CRC diagnosis. AHEI, Alternative Healthy Eating Index; CRC, colorectal cancer;
HPFS, Health Professionals Follow-up Study; METs, metabolic equivalents; NHS, Nurses’ Health Study.

milk, or cheese (16). However, the literature on the association
between dairy intake and CRC survival is limited. The American
Cancer Society Cancer Prevention Study-II Nutrition Cohort
study examined both pre- and postdiagnostic intake and reported
inverse associations of postdiagnostic total dairy (HR: 0.75; 95%

CI: 0.56, 1.01) and milk (HR: 0.72; 95% CI: 0.55, 0.94) with all-
cause mortality and no association between prediagnostic dairy
intake and survival (9). In contrast, the European Investigation
into Cancer and Nutrition cohort (EPIC) and the Jowa Women’s
Health Study (IWH) examined only the prediagnostic intake.
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EPIC reported an overall null association between prediagnostic
total dairy intake and survival among patients with CRC, a
marginal association between milk (HR: 1.21; 95% CI: 0.99,
1.48, Quartile 4 compared with Quartile 1) and CRC-specific
mortality, and no association between yogurt or cheese and
survival (14). IWH reported associations of prediagnostic whole
milk (HR: 1.20; 95% CI: 1.13, 1.27) and low or nonfat milk
(HR: 0.91; 95% CI: 0.86, 0.96) with all-cause mortality (15).
‘We observed similar results in most of the associations, different
in a few. Moreover, it was concordant that the association of
prediagnostic dairy intake with survival was weaker than that of
postdiagnosis intake.

High-fat dairy intake was found to be positively and low-
fat dairy inversely associated with CRC-specific and overall
mortality in this study. Individual items from the high-fat
category (whole milk, American or cheddar cheese, ice cream,
and butter) showed a positive association, whereas those from the
low-fat category (skim or low-fat milk, cottage or ricotta cheese,
and sherbet, frozen yogurt, or nonfat ice cream) showed an
inverse association. The aforementioned associations remained
essentially unchanged after adjustment for or stratification by
important lifestyle factors or confounders, including BMI (28,
29), physical activity (30, 31), alcohol (32) or tobacco use
(33, 34), total energy intake (35), or AHEI (36). Obesity and
Western dietary pattern are both risk factors of CRC (28, 37),
and underlying mechanisms include insulin resistance, low-
grade inflammation, changes in gut microbiota, and fat-derived
hormonal imbalance (38, 39). Although important nutrients from
dairy such as calcium and vitamin D had been observed to be
inversely associated with CRC mortality (8, 9, 40), the potential
beneficial effect may be reduced by fat or fat-related components.
It has been observed that the fasting LDL cholesterol was higher
after intake of butter than cheese, and postprandial glucose was
higher after cheese than milk, indicating a different effect of fat
from different types of dairy products (41). However, it is still
controversial whether postdiagnostic fat intake is detrimental to
CRC survival, given that generally, neither total nor subtypes
of dietary fat were associated with mortality (42). Furthermore,
although scientific evidence supports some benefits of dairy prod-
ucts in human health (27, 43—45), dairy products were found to
be associated with risk of ovarian cancer (46) and prostate cancer
(47), suggesting a cautious recommendation of dairy intake.

Although overall there was no significant association found
between total dairy intake and CRC-specific mortality, in
subgroup analyses, positive associations were detected among
those who were younger, had a lower BMI, had a higher AHEI
score, were less physically active, were at cancer stage III,
and were females who reported never using postmenopausal
hormone. Previous studies observed that sociodemographic
characteristics, behaviors, and cancer stage, subtype, and site may
modify the associations between exposure and CRC survival (8,
48). It is of further research interest both in populations and in the
laboratory to explore whether and why the associations between
dairy products and CRC survival vary across certain populations.

The strengths of this study include a large sample size of
CRC survivors across the United States, with detailed data
on dairy products and important covariates collected. This
study also has several limitations. The measurements of dairy
product intake and covariates were collected through self-
reported questionnaires and thus were inevitably prone to

Liu et al.

measurement errors, although the FFQs had been validated with
reasonable correlations. Second, the participants were primarily
white people working as health professionals, and they may differ
from the general population with regard to socioeconomic status
and lifestyles, including dietary patterns and other behavioral
factors, which limits the generalizability of the conclusions.
Third, information on treatment after CRC diagnosis was limited.
We dealt with this problem by stratification by cancer stage and
year of diagnosis, since the treatments for CRC would be under
standard protocol based on stage at each time period. Fourth, as
an observational study, the association observed between dairy
intake and mortality might have been influenced by residual
confounding. The socioeconomic status was not fully collected
and controlled for study participants. Of note, low-fat dairy
tended to be associated with healthful behaviors and high-fat
dairy with less healthful behaviors, and we controlled for various
behavioral and lifestyle factors available, including smoking,
alcohol drinking, and physical activity; adjustment for these
multiple factors did not alter the results appreciably. Moreover,
we further included marital status, highest degree earned, and
husband’s degree in analyses for NHS, as well as included
marital status in analyses for HPFS and the pooled analyses.
The results from regression analyses did not change significantly.
Also, as a study conducted among healthy health care workers
nested within 2 cohorts instead of specifically among patients
with CRC in a clinical setting, complications of CRC were not
collected or analyzed as covariates. However, we partly dealt
with the potential impact from complications on dairy intake by
considering a time lag: dairy information assessed within 6 mo
of CRC diagnosis was excluded to avoid short-term disturbance
from diagnosis, treatment, or complications.

In conclusion, an overall null association was observed
between postdiagnostic dairy product intake and CRC survival.
However, higher intake of high-fat dairy, including whole milk
and American or cheddar cheese, showed a potential effect on
increased mortality, whereas low-fat dairy, including skim or
nonfat milk and cottage or ricotta cheese, showed a potential
protective effect. Further study is needed, and a moderate intake
of high-fat dairy after CRC diagnosis is suggested.
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