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Dairy Consumption and Total Cancer and
Cancer-Specific Mortality: A Meta-Analysis
of Prospective Cohort Studies

Shaoyue Jin and Youjin Je
Department of Food and Nutrition, Kyung Hee University, Seoul, South Korea

The association between dairy consumption and cancer mortality varies among studies and remains unclear. Thus, we conducted a comprehensive
meta-analysis of prospective cohort studies to examine the association between dairy consumption and total cancer and cancer-specific mortality.
We sought eligible studies in PubMed and Web of Science databases for all publications through March 2021, and pooled RRs and 95% Cls were
calculated. We identified 34 prospective cohort studies including 3,171,186 participants and 88,545 deaths. Compared with low milk consumption,
high milk consumption was associated with higher cancer mortality in females (RR: 1.10; 95% Cl: 1.01, 1.21) and people consuming high/whole-fat
milk (fat content >3.5%) (RR: 1.17; 95% Cl: 1.07, 1.28). Increased risks of cancer-specific mortality were detected for liver (RR: 1.13; 95% ClI: 1.02, 1.26),
ovarian (RR: 1.32; 95% Cl: 1.13, 1.55), and prostate (RR: 1.23; 95% Cl: 1.02, 1.48) cancers. Also, females with high consumption of fermented milk had
a lower cancer mortality risk (RR: 0.85; 95% Cl: 0.77, 0.94). High cheese consumption was not associated with total cancer mortality but rather with
higher colorectal cancer mortality (RR: 1.22; 95% Cl: 1.02, 1.46). There was no association between butter (RR: 1.06; 95% CI: 0.70, 1.59) or total dairy
product consumption (RR: 0.99; 95% Cl: 0.95, 1.03) and cancer mortality. Our results imply that high milk consumption, especially high/whole-fat
milk, was associated with higher cancer mortality, whereas fermented milk consumption was associated with lower cancer mortality, and this was
particularly evident in females. Consequently, further studies are warranted. Adv Nutr 2022;13:1063-1082.

Statement of Significance: This meta-analysis indicated that high-fat milk consumption might be associated with higher cancer mortality,

whereas fermented milk consumption is inversely associated with cancer mortality.
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Introduction

Cancer is a leading cause of death globally. The WHO
reported that cancer accounted for nearly 10 million deaths
in 2020 (1). Dairy products are recommended in most dietary
guidelines worldwide. Dairy products are a complex blend
of bioactive compounds that have both positive and negative
impacts on carcinogenesis (2). However, the contents of
dairy products differ based on the type of dairy product;
therefore, each dairy product may not have the same
effect on cancer. The World Cancer Research Foundation
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International (WCRF) reported that the consumption of
dairy products probably protects against colorectal cancer
(3). In addition, the WCREF also reported that the consump-
tion of dairy products may reduce the risk of breast cancer
and increase the risk of prostate cancer, but the evidence
is limited (3). These results imply that dairy products con-
sumption may have varying effects depending on the cancer
site.

A few prospective cohort studies have examined the
association between dairy products consumption and cancer
mortality in the general population, but the association
remains inconsistent. Previously, 3 meta-analyses on dairy
consumption and cancer mortality showed no significant
association between dairy consumption and cancer mortality
(4-6). In the analyses, the results of mortality from specific
cancers were included for total cancer mortality, such as
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prostate cancer mortality. One meta-analysis that included
studies conducted in the United States only examined
total dairy consumption without analyzing other types of
dairy products (5). Another meta-analysis assessed total
consumption of dairy products and milk without analyzing
fermented milk, cheese, or other types of dairy products
(6). Although Lu et al. (4) conducted a meta-analysis of
several types of dairy products and cancer mortality risk,
the subgroup analysis had many limitations due to few
studies included in the analysis. In addition, no com-
prehensive meta-analysis of dairy products consumption
on cancer-specific mortality risk has been conducted to
date.

Therefore, we conducted a comprehensive meta-analysis
to quantitatively assess the association between the con-
sumption of total dairy products and subtypes of dairy
products, including milk, fermented milk (which includes
yogurt and soured milk), cheese, and butter, and total cancer
mortality. Furthermore, we conducted subgroup analyses
stratified by sex, cancer site, fat content, geographic region,
and adjustment factors.

Methods

Literature search and study selection

We conducted a literature search for all publications through
March 2021 as full-length articles and written in English
using PubMed and ISI Web of Science. The search terms were
as follows: “(dairy OR milk OR cheese OR yogurt OR yoghurt
OR butter)” AND “(neoplasia OR neoplasm OR cancer OR
carcinoma OR tumor OR tumour)” AND “(mortality OR
death OR fatal OR survival).” This meta-analysis included
studies that satisfied the following criteria: 1) the study was
designed prospectively; 2) the exposure was dairy product
consumption, including total dairy, milk, fermented milk,
cheese, and butter; 3) the outcomes were all cancer mortality
or cancer-specific mortality; and 4) the study reported RRs
and CIs. We excluded studies that examined mortality risk
in participants with the disease at baseline. Also, if more
than 1 publication from the same cohort was available, we
selected the publication with a long follow-up period or a
high number of cases.

Data extraction

Both authors (S] and YJ) independently extracted data
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement (7). Each study
provided the following information: the first author’s last
name, year of publication, geographical region and cohort
name, follow-up period, baseline age, the number of par-
ticipants, the number of deaths, each category of dairy
products consumption, RR and 95% CI for the association
between each dairy product consumption category and
cancer mortality, and adjustment factors. We adopted the RR
that reflected the most adjustment degree for potential con-
founding factors if the study provided multiple RRs for this
association.
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Quality assessment

The Newcastle-Ottawa Scale was used to evaluate the quality
of studies included in the meta-analysis (8). We examined
the quality of each study in the following aspects: the
selection of study participants, comparability, and outcome
assessment. Studies with scores of 10 or higher (out of 13)
were considered high quality, 7-9 as good quality, and 6 or
lower as low quality.

Statistical analysis

The DerSimonian and Laird random-effects models (9),
which incorporated both within- and between-studies varia-
tions, were used to estimate pooled RR of cancer mortality for
the highest compared with lowest consumption of total dairy,
milk, fermented milk (which includes yogurt and soured
milk), cheese, and butter. When a study reported results
of specific cancer and other cancers but not total cancer,
we used a fixed-effect model to get an overall estimate of
total cancer before combining it with other studies (10). If
the study reported individual RRs for whole milk, low-fat
milk, and skim milk but not total milk, we used a fixed-
effect model to get an overall estimate of total milk or
low/skimmed milk before merging it with additional studies
(11-15). We conducted subgroup analyses stratified by sex,
cancer site, fat content (high/whole fat or low/nonfat), and
geographic region (United States, Asia, Europe, or Oceania).
We classified cancer sites as upper digestive tract (mouth can-
cer, pharynx cancer, and esophageal cancer), gastrointestinal
tract (stomach cancer, colorectal cancer, and anal cancer),
hepatobiliary system (liver cancer, gallbladder cancer, pan-
creatic cancer, and bile duct cancer), respiratory tract (lung
cancer, nasopharyngeal cancer, and larynx cancer), women’s
cancer (breast cancer, cervical cancer, endometrial cancer,
and ovarian cancer), men’s cancer (prostate cancer), and
urological system (kidney cancer and bladder cancer). Fur-
thermore, we examined whether the studies had accounted
for crucial confounders such as BMI, total energy intake,
alcohol consumption, smoking status, physical activity, and
socioeconomic status, conducting stratified analysis by the
adjustment factors. The Q statistic assessed heterogeneity
among studies included in the meta-analysis (16), and
the I? statistic quantified inconsistency (17). Sensitivity
analyses were conducted by excluding each study one at a
time.

Dose-response analyses were conducted using the method
by Greenland and Longnecker (18-20) to calculate the study-
specific slopes across dairy products intake categories. The
analysis was conducted for studies that provided RRs with
at least 3 exposure categories and the distribution of deaths
and person years or subjects in each dairy products intake
category. We calculated the midpoint value for each dairy
products intake category if a study presented the intake as
a range. We adopted the interval of the adjacent category
if the highest category was open-ended. If a study reported
consumption as a serving, we converted the unit to 177 g
for total dairy, 244 g for milk or fermented milk, and 43 g
for cheese, as provided in the USDA Food and Nutrient



12,293 publications identified through
PubMed (n= 8382) and
ISI Web of Science (n =3911) database search

Y
2574 articles retrieved and

N

9719 articles excluded for duplicates

2496 articles excluded on the basis of title

assessed for inclusion

v
78 articles assessed for eligibility

41 articles (34 studies) included in the
meta-analysis

FIGURE 1 Flow diagram of the study selection.

Database for Dietary Studies (21). Begg (22) and Egger
(23) tests were used for examining potential publication
bias. A 2-tailed P < 0.05 was considered statistically signif-
icant. Stata/SE version 14.2 was used for statistical analyses
(StataCorp).

Results

Study characteristics

A total of 34 studies (41 publications from 1984 to 2021) (5,
10-15, 24-57) with 3,171,186 participants and 88,545 deaths
were included (Figure 1). Table 1 shows the characteristics
of prospective cohort studies included in the meta-analysis.
Seventeen studies were conducted in the United States (5, 11—
15, 24-26, 28-31, 34, 38, 41, 43, 51, 53, 54, 57), 8 studies in
Asia (27, 32, 33, 35-37, 39, 40, 44, 47, 48, 56), 8 studies in
Europe (10, 45, 46, 49, 50, 52, 55), and 1 study in Oceania
(42). Cohort studies included a follow-up period ranging
from 4.2 to 41 y with a median follow-up time of 14.15y,
and participants were aged >15 y at baseline. All studies
adjusted for age, and most studies adjusted for BMI (n = 25)
(5, 10, 12-15, 34, 36, 38, 40-49, 51-56), total energy intake
(n=121) (5, 12-15, 31, 38, 41-43, 45, 46, 48, 50-54, 56, 57),
alcohol consumption (n = 24) (5, 10, 12-15, 31, 36, 38, 42,
43, 45-57), smoking status (n = 30) (5, 10-15, 28-38, 41-43,
45-57), physical activity (n = 23) (5, 12-15, 36, 38, 40-43,
45-57), and socioeconomic status (n = 22) (5, 10, 12, 14, 26,
30, 34, 36, 40-49, 52, 55-57). In terms of quality assessment,
the studies included in the meta-analysis had a mean score of
11.1 out of 13, except for 1 study having a score of 8, which
indicates good quality (27), and all studies had a score of >9,
indicating high quality.

Reviews (n=12)
Exposure was not dairy products (n =9)

and abstract

47 articles excluded:
Outcome was not cancer mortality (n=22)

Not RR (n=1)

Not full paper (n=1)

From the same study (n =1)
Not in English (n=1)

4—| 10 articles included from reference lists

Total dairy consumption and cancer mortality

Thirteen prospective cohort studies including 1,112,975
participants and 43,096 deaths investigated the association
between total dairy consumption and total cancer mortality.
The pooled RR for highest compared with lowest con-
sumption was 0.99 (95% CI: 0.95, 1.03) with no significant
heterogeneity among the studies (I* = 24.9%, P = 0.20)
(Table 2, Figure 2). No significant associations were detected
when stratified by sex, cancer site, fat content, or adjustment
for covariates, and meta-regression analysis revealed no sig-
nificant differences (P-difference > 0.1 for all comparisons).
By the geographic region, pooled RRs were 1.02 in the United
States (95% CI: 0.98, 1.06), 0.82 in Asia (95% CI: 0.66, 1.02),
0.94 in Oceania (95% CI: 0.42,2.11), and 0.91 in Europe (95%
CI: 0.84, 0.98). Although the significant inverse association
was discovered in Europe, only 1 study was included in the
analysis (P-difference for Europe compared with the United
States = 0.04). The dose-response analysis for total dairy
consumption and total cancer mortality included 10 studies
(5, 14, 15, 44, 48, 51, 56, 57) (Table 3). The pooled RR
for the 400-g/d increment of total dairy consumption was
1.00 (95% CI: 0.97, 1.04). Although the pooled RR for an
increase of 400 g/d in total dairy consumption was 1.07
(95% CI: 1.00, 1.14) in males, only 1 study was included
in this dose-response analysis. There was no significant
association detected when the analysis was stratified by fat
content.

Milk consumption and cancer mortality

The association between milk consumption and total cancer
mortality was evaluated in 17 prospective cohort studies,
including 967,559 participants and 56,471 deaths. The
pooled RR for highest compared with lowest consumption

Dairy Consumption and Cancer Mortality 1065
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TABLE 2 Pooled RRs of total cancer and cancer-specific mortality for the highest compared with lowest dairy consumption

Characteristic Studies (n) RR (95% Cl) Heterogeneity P-difference
Total dairy
All studies 13 0.99 (0.95, 1.03) 12 = 24.9%, P=0.20
Sex
Male 2 1.03(0.94,1.12) 12 =24.8%, P=025 0.78
Female 5 1.02 (0.96, 1.08) P =23.6%,P=0.26
Cancer site
Gastrointestinal tract 7 0.89(0.71,1.12) 2 =30.9%, P=0.22
Stomach 2 126 (0.72,2.23) 1> = 0%, P=0.80
Colorectal 5 0.83(0.63,1.10) > =546%,P=0.11
Pancreatic cancer 3 1.06 (0.86, 1.31) — 0417
Lung cancer 5 0.79 (047, 1.32) P =79.5%, P= 001 0.89'
Women's cancer 2 1.06 (0.92,1.23) = 0%, P=083 0.27!
Prostate cancer 8 1.11(0.99, 1.25) P =0%,P=07 0.10'
Fat content
High-fat dairy 2 0.92 (0.69,1.23) P =778%,P=003 0.99
Low-fat dairy 3 0.96 (0.89, 1.03) 2 =0%,P=061
Geographic region
United States 8 1.02 (0.98, 1.06) 12 =0%,P=061
Asia 3 0.82 (066, 1.02) > = 0%, P=089 0.09°
Europe 1 0.91 (0.84,0.98) — 0.042
Oceania 1 0.94 (042,2.11) — 0.85?
Adjustment for covariates®
Strong adjustment 6 1.00 (0.94, 1.06) 1> = 0%, P=0.60 0.88
Weak adjustment 7 0.98(0.92, 1.05) 12 = 60.1%, P = 0.04
Milk
All studies 17 1.04(0.99, 1.08) 2 = 65.8%, P < 0.001
Sex
Male 5 1.00(0.94,1.07) 2 =39.1%, P=0.16 0.19
Female 6 1.10(1.01,1.21) > =71.4%, P= 0004
Cancer site
Upper digestive tract 2 1.17(0.71,1.94) P =77.9%, P=0.004
Esophageal 2 1.80 (0. 53 6.04) 12 = 86.8%, P = 0.006
Gastrointestinal tract 12 0.97 (0.88, 1.06) 1> =20.7%, P=0.20 0474
Stomach 6 1.06 (0.80, 1.41) 2 =395%, P=0.13
Colorectal 9 0.96 (0.87,1.07) P =214%, P=023
Hepatobiliary system 7 1.07 (1.00, 1.14) 2 = 0%, P =094 0.93*
Liver 3 1.13(1.02,1.26) P =0%, P=082
Pancreatic 6 1.06 (0.96, 1.18) 2 = 0%, P=0.99
Respiratory tract 10 1.03(0.92,1.15) 2 =277% P=017 0.80%
Lung 10 L%@%1W) 2 =344%,P=0.13
Women’s cancer 5 113010 1.26) 2 =355%, P=0.15 0.56%
Breast 4 1.02(091,1.14) 2 =0%,P=0.52
Ovarian 4 132 (1. 3 1.55) 2 =0%,P=078
Prostate cancer 5 1.23(1.02,1.48) 2 = 49.8%, P=0.09 0274
Urological system 2 1.05(052,2.11) > =90.9%, P < 0.001 060*
Fat content®
High/whole-fat milk 6 1.17(1.07,1.28) 12 =450%, P=0.14 0.02
Low/skimmed milk 6 1.01 (0.96, 1.05) 1> = 0%, P =040
Geographic region
United States 6 1.04(0.98,1.09) P =64.1%, P=0.04
Asia 6 1.02 (0.95, 1.09) P =60.2%, P=001 0.73%
Europe 5 1.06 (0.90, 1.26) 1> =79.9%, P= 0001 0.74%
Adjustment for covariates
Strong adjustment 6 1.09 (0.97,1.22) P =82.6%, P < 0.001 0.25
Weak adjustment 1 1.02 (0.99, 1.06) 12 =37.6%, P=0.10
Fermented milk
All studies 10 0.95(0.89,1.01) 12 =459%, P=0.05
Sex
Male 3 0.96 (0.80, 1.14) 12 =558%, P=0.10 0.27
Female 3 0.85(0.77,0.94) P =0%,P=068
Cancer site
Gastrointestinal tract 5 0.91(0.79, 1.04) 1> = 0%, P=0.59
Stomach 2 1.34(0.67,2.69) 12 = 0%, P= 045
Colorectal 5 0.89(0.78,1.03) 1> = 0%, P= 059
(Continued)
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TABLE 2 (Continued)
Characteristic Studies (n) RR (95% ClI) Heterogeneity P-difference
Hepatobiliary system 2 1.16 (0.50, 2.72) I = 0%, P=056 0.58’
Pancreatic 2 0.81(0.29,2.22) P =0%, P=0.82
Lung cancer 3 0.87 (0. 65 1.17) I = 0%, P=082 0.807
Ovarian cancer 1 1.66 (0.71, 3.90) — 0.19’
Prostate cancer 1 0.78 (0.25,2.47) — 0.807
Urothelial cancer 1 0.72(0.33,1.57) — 0577
Geographic region
United States 3 0.98(0.88, 1.08) P =712%,P=003
Asia 3 0.85(0.71,1.03) 12 = 0%, P=0.60 0.508
Europe 4 0.93(0.85, 1.02) P =206%, P=029 0278
Adjustment for covariates
Strong adjustment 5 0.94 (0.87,1.02) P = 54.0%, P=0.07 0.82
Weak adjustment 5 0.95 (0.84, 1.08) 2 =368%, P=0.16
Cheese
All studies 10 0.99(0.98,1.01) 2 =0%,P=0.79
Sex
Male 3 1.00 (0.89, 1.12) 2 =139%, P=031 063
Female 4 1.04(0.95,1.14) > =03%,P=039
Cancer site
Gastrointestinal tract 6 1.22 (1.02, 1.45) 12 = 0%, P=0.85
Colorectal 6 1.22(1.02,1.46) 2 = 0%, P= 066
Pancreatic cancer 4 1.25(0.89, 1.76) 1> = 0%, P=0.69 0.89°
Lung cancer 6 0.85(0.63,1.15) 2 =415%,P=0.13 0.03°
Women's cancer 4 1.15 (0.93, 1.44) 1> = 0%, P=0.86 0.72°
Breast 3 1.16 (0. 88 1.53) 2= 0%, P=063
Ovarian 3 1.24(0.81,1 90) 1> = 0%, P=0.50
Prostate cancer 3 1.17 (0. 89 55) 2 =0%, P=0.53 0.84°
Urothelial cancer 1 0.91 (0.68, 1 21) — 0.11°
Geographic region
United States 4 0.99 (0.97, 1.01) 12 = 0%, P= 045
Asia 2 1.00 (0.80, 1.24) 2= 0%, P=0.95 0.96'°
Europe 4 1.04 (0.96, 1.13) 2= 0%, P=047 02710
Adjustment for covariates
Strong adjustment 5 0.99 (0.97,1.01) 2 = 0%, P =049 035
Weak adjustment 5 1.04 (0.95,1.14) 2 =0%, P=097

'P value for difference in RRs of total dairy consumption for hepatobiliary system compared with gastrointestinal tract, lung cancer compared with gastrointestinal tract, women's
cancer compared with gastrointestinal tract, and prostate cancer compared with gastrointestinal tract.

2P value for difference in RRs of total dairy consumption for Asia compared with United States, Europe compared with United States, and Oceania compared with United States.
3Adjustment for at least age, BMI, energy intake, alcohol intake, smoking status, physical activity, and socioeconomic status is considered strong adjustment. Otherwise, it is

considered weak adjustment.

4P value for difference in RRs of milk consumption for gastrointestinal tract compared with upper digestive tract, hepatobiliary system compared with upper digestive tract,
respiratory tract compared with upper digestive tract, women’s cancer compared with upper digestive tract, prostate cancer compared with upper digestive tract, and urological

system compared with upper digestive tract.

>Milk fat content >3.5% was defined as high/whole-fat milk, and milk fat content <3.5% was defined as low-fat milk.

P value for difference in RRs of milk consumption for Asia compared with United States and Europe compared with United States.

7P value for difference in RRs of fermented milk consumption for hepatobiliary system compared with gastrointestinal tract, lung cancer compared with gastrointestinal tract,
ovarian cancer compared with gastrointestinal tract, prostate cancer compared with gastrointestinal tract, and urothelial cancer compared with gastrointestinal tract.

8P value for difference in RRs of fermented milk consumption for Asia compared with United States and Europe compared with United States.

9P value for difference in RRs of cheese consumption for pancreatic cancer compared with gastrointestinal tract, lung cancer compared with gastrointestinal tract, women’s
cancer compared with gastrointestinal tract, prostate cancer compared with gastrointestinal tract, and urothelial cancer compared with gastrointestinal tract.

19p value for difference in RRs of cheese consumption for Asia compared with United States and Europe compared with United States.

was 1.04 (95% CI: 0.99, 1.08) with significant heterogeneity
among the studies (> = 65.8%, P < 0.001) (Table 2,
Figure 3). The increased risk of total cancer mortality was
observed in females (RR: 1.10; 95% CI: 1.01, 1.21) but not
in males (RR: 1.00; 95% CI: 0.94, 1.07; P-difference = 0.19).
By cancer site, significant associations were detected in
cancers of the hepatobiliary system (RR: 1.07; 95% CI: 1.00,
1.14), women’s cancer (RR: 1.13; 95% CI: 1.01, 1.26), and
prostate cancer (RR: 1.23; 95% CI: 1.02, 1.48) but not in

1074 lJinandJe

cancers of the upper digestive tract, gastrointestinal tract,
respiratory tract, and urological system. For cancers of the
hepatobiliary system, high milk consumption was associated
with increased mortality risk from liver cancer (RR: 1.13; 95%
CL 1.02, 1.26), but no significant association was detected
in pancreatic cancer (RR: 1.06; 95% CI: 0.96, 1.18). For
women’s cancer, high milk consumption was associated with
increased mortality risk from ovarian cancer (RR: 1.32; 95%
CI: 1.13, 1.55), but no significant association was detected



Study

ID RR (95% Cl)
Bonthuis et al. (42) ‘: 0.94 (0.42, 2.11)
Sharma et al. (43)(M) _._ 0.96 (0.83, 1.11)
Sharma et al. (43)(F) T— 1.08 (0.91, 1.29)
Huang et al. (44) ¢ o : > 0.65 (0.12, 3.56)
Farvid et al. (48) —°—E 0.81 (0.64, 1.02)
Um et al. (14) _.‘_ 1.02 (0.80, 1.30)
Um et al. (51)(F) s 1.02 (0.92, 1.13)
Ding et al. (15)(HPFS,NHS,NHSII) co 1.05 (0.99, 1.11)
Mazidi et al. (5) o 1.02 (0.94, 1.10)
Stasinopoulos et al. (55) —— 0.91 (0.84, 0.98)
Wang et al. (56) = 0.92 (0.52, 1.63)
Sun et al. (57)(F) 0.95 (0.87, 1.04)
Overall (2 =24.9%, P =0.200) 0.99 (0.95, 1.03)
NOTE: Weights are from random effects analysis
2 A : s

Relative Risk (95% CI)

FIGURE 2 Forest plot of total cancer mortality for the highest compared with lowest categories of total dairy consumption. The sizes of
the squares correspond to the inverse of the variance of the natural logarithm of the RR from the individual study, and the diamond
indicates the pooled RR. F, female; HPFS, Health Professionals Follow-up Study; M, male; NHS, Nurses'Health Study; NHSII, Nurses' Health

Study II.

in breast cancer (RR: 1.02; 95% CI: 0.91, 1.14). However,
pooled RRs were not significantly different with cancer sites
in the meta-regression analysis (P-difference > 0.2 for all
comparisons). High/whole-fat milk intake was associated
with an increased risk of total mortality (RR: 1.17; 95%
CI: 1.07, 1.28) but not low-fat milk consumption (RR: 1.01;
95% CI: 0.96, 1.05), and there was a significant difference in
fat content (P-difference = 0.02). There was no significant
difference in the geographic region or adjustment factors
based on meta-regression analyses results (P-difference > 0.2
for all comparisons). The dose-response analysis for milk
consumption and total cancer mortality included 13 studies
(10, 14, 15, 45, 47-51, 56) (Table 3). The pooled RR for an
increase in milk consumption of 200 g/d was 1.01 (95% CI:
0.99, 1.04). By sex, a 200-g/d increment of milk consumption
was associated with a 4% increase in cancer mortality in
females (RR: 1.04; 95% CI: 1.01, 1.06), whereas there was
no significant association in males (RR: 0.99; 95% CI: 0.97,
1.02). By fat content, a 200-g/d increment of high/whole-
fat milk consumption was associated with 12% increase in
total cancer mortality (RR: 1.12; 95% CI: 1.01, 1.23) but

not low-fat milk consumption (RR: 1.00; 95% CI: 0.99,
1.02).

Fermented milk consumption and cancer mortality

The association between fermented milk consumption and
total cancer mortality was evaluated in 10 prospective cohort
studies, including 390,467 participants and 23,014 deaths.
The pooled RR for highest compared with lowest consump-
tion was 0.95 (95% CI: 0.89, 1.01) with evidence of moderate
heterogeneity (I*> = 45.9%, P = 0.05) (Table 2, Figure 4).
By sex, high fermented milk consumption was inversely
associated with total cancer mortality in females (RR: 0.85;
95% CI: 0.77, 0.94) but not in males (RR: 0.96; 95% CI:
0.80, 1.14). The pooled RRs, however, were not significantly
different by sex (P-difference = 0.27). We discovered no
significant difference in cancer mortality by cancer site,
geographic region, or adjustment factors. The dose-response
analysis for fermented milk consumption and total cancer
mortality included 7 studies (45, 46, 48, 50, 54) (Table 3).
A 200-g/d increment of fermented milk consumption was
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TABLE 3 Pooled RRs of dairy consumption and total cancer mortality from dose-response meta-analyses

Characteristic Studies (n) Dose, g/d RR (95% ClI) Heterogeneity
Total dairy 10 400 1.00(0.97,1.04) 12 =73.8%, P < 0.001
Sex
Male 1 400 1.07 (1.00, 1.14) —
Female 4 400 1.02(0.98,1.08) 2 =729%, P=001
Fat content
High-fat dairy 2 400 0.94 (0.74,1.18) 2 =46.6%, P=0.17
Low-fat dairy 3 400 1.01 (0.98,1.03) > = 0%, P=0.69
Milk 13 200 1.01 (0.99, 1.04) 12 = 63.0%, P = 0.002
Sex
Male 4 200 0.99 (0.97,1.02) 12 =324%, P=0.22
Female 5 200 1.04 (1.01-1.06) 2 =49.1%,P=0.10
Fat content!
High/whole-fat milk 6 200 1.12(1.01,1.23) 1> = 76.9%, P= 0005
Low-fat milk 6 200 1.00 (0.99, 1.02) 2= 0%, P=0.70
Fermented milk 7 200 0.94 (0.90, 0.99) > =355%,P=0.16
Sex
Male 2 200 0.97(0.93,1.01) > =0%,P=036
Female 2 200 0.90 (0.85,0.94) 2 =0%,P=0.77
Cheese 8 1.01(0.95,1.07) > =36.3%,P=0.16
Sex
Male 2 0.99 (0.90, 1.08) P =348%, P=022
Female 3 1.05(0.86, 1.29) 12 = 83.4%, P = 0.002

TMilk fat content >3.5% was defined as high/whole-fat milk, and milk fat content <3.5% was defined as low-fat milk.

associated with a 6% decrease in total cancer mortality (RR:
0.94; 95% CI: 0.90, 0.99) with no significant heterogeneity
(* = 35.5%, P = 0.16). Similarly, we discovered that
increasing fermented milk consumption by 200 g/d was
associated with a 10% decrease in total cancer mortality
in females (RR: 0.90; 95% CI: 0.85, 0.94), whereas no
association was found in males (RR: 0.97; 95% CI: 0.93,
1.01).

Cheese consumption and cancer mortality

The association between cheese consumption and total
cancer mortality was evaluated in 10 prospective cohort stud-
ies including 473,990 participants and 25,894 deaths. The
pooled RR for highest compared with lowest consumption
was 0.99 (95% CI: 0.98, 1.01) with no heterogeneity among
the studies (I = 0%, P = 0.79) (Table 2, Figure 5). By the
cancer site, high cheese consumption was associated with an
increased risk of death from colorectal cancer (RR: 1.22; 95%
CI: 1.02, 1.46), but no other cancer sites showed a significant
association. For lung cancer mortality, the pooled RR was
0.85 (95% CI: 0.63, 1.15), which was significantly different
from colorectal cancer mortality (P-difference = 0.03). There
was no significant difference in cancer mortality when
stratified by sex, geographic region, or adjustment factors.
Eight studies (15, 45, 46, 48, 50) were included in the
dose-response analysis for cheese consumption and total
cancer mortality (Table 3). The pooled RR for 50 g/d
increment of cheese consumption was 1.01 (95% CI: 0.95,
1.07), showing no significant association in males and
females.
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Butter consumption and cancer mortality

The association between butter consumption and total
cancer mortality was evaluated in 2 studies including 56,615
participants and 1719 deaths. The pooled RR for all studies
was 1.06 (95% CI: 0.70, 1.59) with evidence of moderate
heterogeneity (I* = 65.8%, P = 0.09) (data not shown). Simi-
larly, by cancer site, we detected no significant association in
cancer of the gastrointestinal tract (RR: 1.06; 95% CI: 0.81,
1.39), hepatobiliary system (RR: 1.47; 95% CI, 0.34, 6.31),
lung cancer (RR: 0.97; 95% CI: 0.73, 1.30), ovarian cancer
(RR: 1.35; 95% CI: 0.56, 3.25), or urothelial cancer (RR: 0.66;
95% CI: 0.30, 1.45), and the meta-regression analysis result
showed no significant differences (P-difference > 0.2 for all
comparisons).

Publication bias

Begg (P > 0.5 in all analyses) and Egger tests (P > 0.09 in all
analyses) of cancer mortality for total dairy, milk, fermented
milk, and cheese consumption indicated no evidence of
publication bias.

Discussion

The potential associations between different types of dairy
products consumption and total cancer mortality or cancer-
specific mortality were examined in the current meta-
analysis of 34 prospective cohort studies. Compared with
low consumption, high milk consumption was associated
with higher total cancer mortality in females. Conversely,
females in the highest category of fermented milk intake
had decreased risk of cancer mortality. The dose-response
meta-analysis also supports the associations. There was no
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significant association between cheese consumption and
total cancer mortality, but we discovered an increased risk
of colorectal cancer mortality in people with high cheese
consumption. There was no significant association between
butter consumption or total dairy consumption and cancer
mortality.

Three previous meta-analyses have been conducted on the
association of total cancer mortality for highest compared
with lowest consumption of dairy products (4-6), and a
meta-analyses only included studies reported in the United
States (5). There was no significant association between total
dairy consumption and total cancer mortality in the meta-
analyses, which were similar to the results of total dairy
consumption in this study. For milk consumption, 2 previous
meta-analyses on the association between milk consumption
and total cancer mortality showed no significant association
(4, 6). However, in the current meta-analysis, we discovered
a significant positive association between milk consumption
and total cancer mortality in females. In addition, we

discovered that the consumption of high/whole-fat milk
but not low-fat milk was associated with an increased
cancer mortality risk, and our findings were consistent with
the results of Naghshi et al. (6). Only 1 previous meta-
analysis was conducted to examine the association between
fermented milk consumption and total cancer mortality, and
it reported no association (4). In this study, we discovered a
significant inverse association between fermented milk con-
sumption and cancer mortality. Moreover, all of the previous
meta-analyses included the results of all cancer mortality and
cancer-specific mortality from individual studies to calculate
a pooled RR of total cancer mortality, whereas we included
studies that only reported all cancer mortality for the main
analysis.

In this study, we discovered that milk consumption
was associated with increased cancer mortality in females.
The milk consumption elevated circulating concentrations
of insulin-like growth factor 1 (IGF-1) (58), and previous
studies indicated high IGF-1 concentrations were associated
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with increased risk of cancer, particularly breast and prostate
cancer (59-61). Another previous study reported that IGF-1
could enhance the growth and metastasis of hepatocellular
carcinoma (62). Furthermore, multiple large prospective
cohort studies revealed that dairy products consumption was
associated with a higher risk of hepatocellular carcinoma
(63, 64). Milk consumption was significantly associated with
an increased risk of prostate and liver cancer mortality.
In addition, this positive association has also been found
in women’s cancer. A previous meta-analysis of ovarian
cancer risk indicated that high milk and lactose intake
was associated with increased ovarian cancer risk (65). In
the current meta-analysis, we observed a similar positive
association between milk consumption and ovarian cancer
mortality. Milk contained 4.5-5.5% lactose and 227 mg free
galactose per 100 mL (66). Several studies have supported
the relation between lactose and free galactose consump-
tion and increased risk of ovarian cancer (65, 66). The
accumulation of galactose and galactose metabolites, such
as galactose-1-phosphate and galactitol, may interfere with
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gonadotropin signaling and ovarian apoptosis, resulting in
galactose-induced ovarian toxicity (66, 67). However, there
was no significant association between women’s cancer with
fermented milk or cheese consumption in this study. This
result could be attributed to the fact that fermented milk
and cheese have significantly less lactose and total galactose
than milk (67, 68). Furthermore, we discovered high/whole-
fat milk consumption was associated with a higher risk of
total cancer mortality. The previous meta-analysis indicated
that diets high in saturated fat were associated with higher
cancer mortality (69), and another study showed that
whole milk consumption was associated with higher ovarian
cancer risk but not for low-fat milk, yogurt, and cheese
intake (67). Moreover, although a meta-analysis of milk
consumption and total cancer mortality indicated evidence
of heterogeneity among studies, the observed heterogeneity
tended to disappear when stratified by cancer site.

We observed that fermented milk consumption was
associated with a decreased risk of total cancer mortality.
Fermented milk differs from other dairy products in that
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it has a high concentration of probiotic bacteria. Yogurt
can increase IgA, T cells, and macrophages activities, which
inhibit pathogenic microbiota growth, reducing infection
and improving anticarcinogenic effects (54, 70). Schmid
et al. (54) indicated that yogurt consumption might have
different effects on the intestinal microbiota of males and
females, and the commensal microbial community may alter
sex hormone concentration. For cheese consumption, we
discovered that cheese consumption was associated with a
higher risk of colorectal cancer mortality. Our previous meta-
analysis found no significant association between cheese
consumption and colorectal cancer mortality, but the meta-
analysis included only 3 prospective studies on cheese
consumption (71). The recent analysis included 6 prospective
studies, which were supplemented with more current data.
There are several advantages to this meta-analysis. First,
to the best of our knowledge, this is the most comprehensive
meta-analysis to examine the association between dairy
consumption and overall cancer-specific mortality. Although
previous meta-analyses of dairy consumption and cancer-
specific mortality have been performed, few studies have
conducted this analysis and analyzed only one cancer type,
such as prostate cancer (72), lung cancer (73), and colorectal

cancer (71) mortality. Second, to calculate the pooled RR
for total cancer mortality, we only considered studies that
reported mortality from all cancers. To calculate the pooled
RR, the previous meta-analyses included studies reporting
total cancer or cancer-specific mortality (4-6). Third, we
added more recent studies and included the largest number
of participants and cancer deaths. Due to numerous studies
included, we observed several associations between each type
of dairy product consumption and cancer mortality, which
were not observed in the previous meta-analyses. Fourth,
we assessed several dairy products that were individually
stratified by sex, cancer site, fat content, and geographical
region, especially its first subgroup analysis for the fermented
milk and cheese consumption. Fifth, we conducted a linear
dose-response meta-analysis between total dairy and each
type of dairy product consumption and cancer mortality,
with further stratified analysis by sex and fat content.
Despite these advantages, this meta-analysis has several
limitations. First, this study was based on observational
studies, and the unmeasured or residual confounding cannot
be completely solved. However, most of the studies included
in the meta-analysis provided estimates that were adjusted
for various cancer mortality risk factors, and we further
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performed a stratified analysis to examine the effects of
potential confounding factors. Second, measurement errors
could occur when recording information during the assess-
ment because most of the studies included in this meta-
analysis employed self-reported questionnaires to estimate
the dairy product intake. However, some nondifferential
misclassification of dairy products intake categories may
attenuate the association and likely biased the results toward
the null. Third, the highest and lowest categories of dairy
products consumption varied among the studies. Most
studies had comparable lowest categories, such as only 1
serving size per day, but the highest category varied each
study, and the highest category of most studies was open-
ended. To address this limitation, we performed a dose-
response analysis. Last, due to limited data, it was difficult to
examine the association of dairy product consumption with
cancer mortality when stratified by geographic region.

Conclusively, high milk consumption, particularly
high/whole-fat milk, was associated with increased cancer
mortality compared with low milk consumption, whereas
high fermented milk consumption was associated with
decreased cancer mortality, and this association was
especially noticeable in females. Furthermore, high milk
consumption was associated with increased mortality of
liver cancer, ovarian cancer, and prostate cancer. Future well-
designed large prospective cohort studies that investigate
the association between each type of dairy product and
cancer mortality in different cancer sites and populations are
warranted.
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