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Aim: We examined the association between dairy intake and all-cause, cancer, and cardiovascular disease
mortality in a cohort of the general population followed up for 12 years across Japan.

Methods: We conducted a longitudinal cohort study of 79,715 participants from the Japan Multi-Institutional
Collaborative Cohort study (57.2% women, mean age 54.7 years old). The amount of dairy (milk and yogurt)
intake was determined using a validated short-food frequency questionnaire. The hazard ratio for mortality
according to sex-specific tertile of dairy intake was calculated using Cox proportional hazards regression models
with adjustment for potential confounding factors and dietary factors by sex.

Results: During the follow-up period (932,738 person-years), 3,723 participants died, including 2,088 cancer
and 530 cardiovascular disease deaths. The highest tertile of total dairy intake (versus the lowest tertile) was
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all-cause mortality risk in both sexes.

associated with a 19% lower all-cause mortality risk (hazard ratio=0.81, 95% confidence interval: 0.70-0.92; P
for trend=0.001) in women. Similarly, we observed inverse associations between milk intake and all-cause and
cancer mortality risk in women, yogurt intake and cardiovascular disease risk in women, and yogurt intake and

Conclusion: A higher total dairy and milk intakes in women and yogurt intake in both sexes were associated with
a reduced risk of all-cause mortality in the general population across Japan during the 12-year follow-up period.

Key words: Dairy products, Milk, Yogurt, Mortality, Cohort study

Abbreviations: NCD: non-communicable disease, CVD: cardiovascular disease, J-MICC: Japan Multi-
Institutional Collaborative Cohort, BMI: body mass index, FFQ: food frequency questionnaire, CI:

confidence interval

Introduction

A suboptimal diet is a major contributor to the
global burden of non-communicable disease (NCD)
mortality and morbidity? but is also a preventable risk
factor for NCDs. Dietary choices are associated with
culture, climate, and socioeconomic status. The
development of NCDs is defined by genetic and
environmental factors, including dietary habits.
Therefore, identifying the dietary factors that reduce
the risk of developing NCDs and death in each ethnic
group remains a primary concern.

Dairy intake is a recommended component of a
healthy diet in dietary patterns, such as Dietary
Approaches to Stop Hypertension (DASH) dietary
patterns® and dietary recommendations from various
countries®. However, recent meta-analyses of
prospective cohorts examining the association between
dairy intake and mortality risk in mainly Western
populations have reported inverse® 7, positive® ¥, or
no association® %19 with inconsistent associations
based on cause of death, dairy product type, and
participant background. In addition, as dairy products
are not part of the traditional Japanese diet!V, dairy
intake in the Japanese population is much lower than
that in Western populations!> 13,

Reports from large cohorts across Japan have
revealed an inverse association between dairy intake
and all-cause or cardiovascular disease (CVD)
mortality in men only!'* . However, in another
cohort study, an inverse association between dairy
intake and CVD mortality was observed in women
only'®. In other words, the association between dairy

intake and total and NCD mortality in the Japanese
population, who consume far fewer dairy products
than Western populations, is not consistent across
studies, especially by sex.

Study Aim

We examined the association between dairy
intake and all-cause, cancer, and CVD mortality in a
cohort of the general population followed up for 12
years across Japan.

Methods

Study Population

A total of 92,514 Japanese individuals 35-69
years old from 14 regions in various parts of Japan
participated in the baseline survey of the Japan Multi-
Institutional Collaborative Cohort (J-MICC) study
from 2005 to 2014 (the dataset used in this study was
fixed on October 16, 2023). The J-MICC study
methods have been reported previously!” ¥. We
included 79,715 participants (57.2% women, mean
age 54.7 years old) in the analysis, excluding those
with a history of cancer (2=6,482) and CVD
(n=3,545), those with missing information regarding
dairy intake (#=678) at baseline, those with total
energy intake at baseline deviating from the sex-
specific mean by #*3 standard deviations (2=921),
and those who died within a year from the baseline
(n=1,173) (Fig.1).

Written informed consent was obtained from all
participants after a thorough explanation of the
outline and purpose of the study. The present study
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J-MICC study participants at baseline, 2005-2014
n=92,514

Excluded, n=12,799
History of cancer, n=6,482
History of cardiovascular disease, n=3,545

Missing information on dairy intake at baseline, n=678
Total energy intake at baseline deviating from the sex-specific mean by = 3 SD, n=921
Died within a year from the baseline, n=1,173

Participants for analysis
n=79,715 (57.2% women, mean age 54.7 years)

Fig. 1. Flow chart of the participant selection process in the present study. J-MICC, Japan Muld-Institutional Collaborative

Cohort; SD, standard deviation

was conducted according to the guidelines laid down
in the Declaration of Helsinki, and the study protocol
was approved by the Institutional Review Boards of
the Aichi Cancer Center (IRB No. 2022-0-306),
Shiga University of Medical Science (IRB No. G2005-
103), and all other study centers.

Mortality Surveillance

The participants were followed up until
December 31, 2020 (Chiba, Aichi Cancer Center,
Okazaki, Shizuoka, Daiko, Takashima, Kyoto,
Fukuoka, Saga, Tokushima, Kyushu and Okinawa
Population Study [KOPS], and Iga) or December 31,
2021 (Kagoshima and Shizuoka-Sakuragaoka),
providing 12 years of follow up. The vital status of the
participants was monitored using registration records
from the local governments where they lived. During
the follow-up period, 4,577 participants (5.7%)
moved out of the study sites, and 309 participants
(0.4%) could not be followed up for other reasons.
These individuals were censored at the last date when
they were known to reside at the study sites. National
Vital Statistics were utilized to identify the causes of
death with permission from the Japanese Ministry of
Health, Labour and Welfare, Government of Japan.
The underlying causes of death in the National Vital
Statistics were coded according to the 10th
International Classification of Disease (ICD10). The
classification details have been described previously'”.
The corresponding ICD10 codes are as follows: cancer

mortality, C00-C97; and CVD mortality, [00-199.

Baseline Examinations

The height and weight of the participants were
measured during the survey at 12 study sites and self-
reported for participants at the remaining two sites.
The body mass index (BMI) was calculated by
dividing the body weight (kg) by the height (m?). A

self-administered questionnaire was used to obtain
information on behavioral factors, such as smoking
and drinking habits, leisure-time physical activity, and
the medical history at baseline. Physical activity
during leisure time (metabolic equivalent of task hours
per day) was calculated from three different intensity
levels of exercise and hours of these activities?”.
Smoking and drinking statuses were categorized as
never, past, or current.

Dietary Assessments

A validated short-food frequency questionnaire
(FFQ) was used to assess eating habits. The details of
the short FFQ have been described elsewhere?'*%. In
brief, participants reported how often they consumed
47 foods and beverages in the past year at baseline
from among 8 options (rarely, 1-3 times/month, 1-2
times/week, 3—4 times/week, 5—6 times/week, 1 time/
day, 2 times/day, and 3 or more times/day). The total
intake of food and beverages was calculated by
multiplying the frequency of consumption by portion
size. We combined milk and yogurt intake into the
total dairy intake. Similarly, multiple foods were
grouped as follows: red meat, for beef, pork, processed
meat, and liver; fish and shellfish, for fish, small fish,
canned tuna, shellfish, roe, and fish cake; vegetables,
for pumpkin, carrot, broccoli, green leafy vegetables,
cabbage, Japanese radish, dried radish, burdock root,
bamboo shoot, and other vegetables; and fruits, for
citrus fruits and other fruits.

Validity has been reported elsewhere?) by
assessing the short FFQ and 12-day (4 seasons of 3
non-consecutive days) weighed dietary records of 288
men and women. Spearman’s correlation coefficient
between the energy-adjusted dairy, milk, and yogurt
intake questionnaire and the dietary record were 0.77,
0.89, and 0.84 for men; and 0.55, 0.73, and 0.69 for

women?2V.
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Statistical Approaches

The baseline characteristics and nutritional
parameters of the participants were presented as means
and standard deviations or medians and interquartile
ranges for continuous variables and as percentages for
categorical variables. Differences in baseline
characteristics among sex-specific tertiles of dairy
intake were assessed using trend analyses or the
Cochran-Armitage test.

Cox proportional hazards regression models were
used to estimate the multivariate-adjusted hazard ratio
(HR) and 95% confidence interval (CI) of all-cause,
cancer, and CVD mortality according to sex-specific
tertiles of dairy intake by sex. Model 1 was adjusted
for age and study site. Model 2 was adjusted for the
variables in Model 1 plus a history of hypertension
(yes or no), diabetes (yes or no), dyslipidemia (yes or
no), and BMI categories (<18.5, 18.5-t0 <25, = 25
kg/m?). Model 3 was adjusted for the variables in
Model 2 plus the smoking status (never, past, and
current), drinking status (never, past, and current),
physical activity during leisure time (MET-hour/day),
and intake of red meat, fish, vegetables, and fruits.
Food intake was used in the analysis as intake per
1,000 kcal of daily energy intake. Physical activity and
food intake were analyzed in sex-specific tertiles. We
created a category for the missing values for each
covariate. Corresponding analyses were conducted
separately for milk intake and yogurt intake, instead
of dairy intake as a whole. P-values for linear trends
across tertiles were calculated using variables 0, 1, and
2 assigned to successive tertiles.

All statistical analyses were performed using the
SAS software program, version 9.4 for Windows (SAS
Institute Inc., Cary, NC, USA). Analysis items with a
two-tailed P-value of <0.05 were considered
statistically significant.

Results

Table 1 presents the baseline characteristics of
the study participants according to sex-specific tertiles
of dairy intake. The median dairy intake was 34.6
g/1,000 kcal energy intake (66.0 g/day) in men and
79.7 g/1,000 kcal energy intake (127.5 g/day) in
women. As dairy intake increased, the age, prevalence
of dyslipidemia, physical activity, and dietary intake of
fish, vegetables, and fruits increased. In contrast, the
prevalence of current smokers and drinkers decreased
in both sexes. The relationships between milk and
yogurt intake and age, history of cardiometabolic
diseases, behavioral factors, and eating habits were also
generally similar to those of dairy products

(Supplemental Tables 1 and 2).

The observed total person-years were 932,738,
and the median follow-up period was 12.4 years.
During the follow-up, 3,723 participants died. Of the
all-cause mortality, 2,088 died from cancer and 530
from CVD.

Table 2 presents multivariate-adjusted HRs and
95% ClIs according to sex-specific tertiles of dairy
intake. In women, the HRs of all-cause mortality were
significantly lower in the highest tertiles of dairy
intake (T3) (HR 0.81 [95% CI 0.70-0.92]) than in
the lowest tertile (T'1) in Model 3, and its inverse
linear trend was significant in Model 3 (P=0.001).
The trends of HRs in relation to the dairy intake were
similar for cancer and CVD mortality in women but
not significant. In men, dairy intake and all-cause and
cancer mortality were inversely associated when
adjusted for the age, study site, histories of
cardiometabolic diseases, and BMI in Models 1 and 2
but were no longer associated when behavioral factors
and eating habits were further adjusted in Model 3.
No statistically significant associations were observed
between dairy intake and CVD mortality risk in men.

Table 3 presents the multivariate-adjusted HRs
and 95% Cls according to sex-specific tertiles of milk
intake. In women, on comparing the highest tertile of
milk intake with the lowest, the multivariate-adjusted
HR for all-cause mortality risk was 0.84 (95% CI
0.73-0.95; P for trend=0.007), and that for cancer
mortality was 0.82 (95% CI 0.69-0.99; P for
trend=0.034). In men, milk intake was inversely
associated with all-cause and cancer mortality risks in
Models 1 and 2; however, it was no longer associated
with the final model. In contrast, no significant
associations were observed between milk intake and
CVD mortality risk in either sex.

Table 4 presents multivariate-adjusted HRs and
95% Cls according to sex-specific tertiles of yogurt
intake. On comparing the highest tertile of yogurt
intake with the lowest, the multivariate-adjusted HR
for all-cause mortality risk was 0.90 (95% CI 0.82-
0.999; P for trend=0.034) in men and 0.87 (95% CI
0.76-0.997; P for trend=0.046) in women,
respectively. Furthermore, the multivariate-adjusted
HR of CVD mortality was significantly lower in the
highest tertiles of yogurt intake (HR 0.64 [95% CI
0.46-0.90]; P for trend=0.007) than the lowest tertile
in women. For men, in Models 1 and 2, yogurt intake
was inversely associated with cancer mortality risk and
marginally associated with CVD mortality in Models
1 and 2; however, they were no longer associated in
the final model. No significant associations were
observed between yogurt intake and cancer mortality
risk in women.
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Table 1. Baseline characteristics of participants in the ]-MICC according to the sex-specific tertiles of dairy intake

Men

Women

Dairy intake, g/1,000 keal

Dairy intake, g/1,000 keal

T1 (low) T2 T3 (high) T1 (low) T2 T3 (high)

Range of dairy intake (median), g/1,000kcal 0-15.0 (47)  15.0-63.6 (34.6)  63.6-515.9 (94.1) 0-49.7 (18.9)  49.7-107.1 (79.7) 107.1-801.1 (149.0)
Median intake of dairy (IQR), g/day 10 (0, 16) 66 (42, 96) 170 (160, 260) 26 (10, 50) 128 (98, 155) 235 (178, 255)
Number at risk 11,364 11,365 11,364 15,207 15,208 15,207
Age, years 54.3 (9.3) 55(9.3) 56.7 (9.2)* 53.4 (9.4) 54.7 (9.3) 54.8 (9.5)*
Body mass index, kg/m? 23.8(3.2) 23.9 (3.1) 23.6 (2.8)* 22.5 (3.5) 223 (3.3) 22.1 (3.2)%
History of hypertension, % 22.5 223 21.8 152 15.1 14.0*
History of diabetes, % 6.9 8.7 9.2% 3.0 3.1 3.1
History of dyslipidemia, % 13.4 15.5 16.0* 132 14.6 15.9*
Drinking status, % u &

Never 18.4 19.4 229 58.6 61.2 62.1

Past 2.7 2.9 3.5 1.9 1.6 1.9

Current 78.8 77.7 73.5 39.4 37.1 35.9

Missing 0.1 0.1 0.1 0.1 0.1 0.1
Smoking status, % * *

Never 23.2 29.8 35.1 81.2 87.5 86.8

Past 37.2 40.4 419 7.9 6.5 6.9

Current 39.2 29.5 22.8 10.4 5.5 5.6

Missing 0.3 0.3 0.2 0.5 0.5 0.6
Physical activity in leisure time, MET-hours/day 0.8(0,2.2) 1.1(0.2,2.8) 1.4 (0.3, 3.6)* 0.5(0,2.2) 0.8 (0.1, 2.6) 1.1(0.2,2.7)*
Dietary intake

Energy, keal/day 19145 (356.7)  1907.1 (335.4)  1893.4 (302.6)* 1496.3 (235.4) 15542 (214.4)  1532.4 (238.8)*

Milk, g/1,000kcal 0(0,7.7) 16 894,349 79.2(654,91.2)* 9 8(0,18.9) 50.0 (20.2,78.2) 101.8 (89.6, 125.5)*

Yogurt, g/1,000keal 0(0,4.6) 4(3.5,24.6)
Red meat, g/1,000kcal 7 (6.9, 16.5) 10 2(7.6,16.8)
Fish, g/1,000keal 23 7(15.8,34.6) 25.2(17.2,34.9)
Vegetable, g/1,000keal 45.8 (30.8,67.7) 51.0 (35.4, 73.6)
Fruits, g/1,000keal 11.2(7.0,20.6)  16.2 (9.6, 31.7)

13.7 (4.3,49.8)* .1(0,133) 21.9(6.7,54.3)  49.5(15.1, 64.5)*
10.0 (7.4, 16.7) 13 6 (9.3,21.8) 147(9.521.9) 13.8(9.4,21.4)
257(17.0,354)*  29.1(19.5,39.9) 30.5(21.0,40.5) 30.4 (20.7, 41.4)*
56.7 (38.6, 81.5)*  84.8(59.3,117.6) 92.5 (67.1,125.1) 96.2 (68.4, 133.5)*
19.3(10.6,43.60*  23.7(12.7,542) 37.2(17.9,64.1) 44.6(20.2,73.3)*

All variables were expressed as mean (standard deviation) or median (IQR) for continuous variables or as percentages for categorical variables. *p<
0.05: differences among sex-specific tertiles of dairy intake were assessed using trend analysis or the Cochran-Armitage test.
J-MICC, Japan Multi-Institutional Collaborative Cohort; T, tertile; IQR, interquartile range; MET, metabolic equivalent of task.

Discussion

In this 12-year general population prospective
cohort study across Japan, we observed that total dairy
and milk intake in women and yogurt intake in both
sexes were inversely associated with total mortality risk
after adjusting for potential confounding factors and
dietary factors. Similarly, milk intake was inversely
associated with cancer mortality risk and yogurt intake
with CVD mortality risk in women.

Several prospective cohort meta-analyses have
examined the association between dairy product
intake and mortality risk in recent years. These studies
were conducted in cohorts consisting primarily of
Western populations, and dose-response analyses have
shown associations with outcomes for each increase of

approximately 200 g/day in total dairy products.
Previous meta-analyses have revealed inverse
associations between one additional serving of yogurt
and the risk of all-cause mortality” and between
fermented dairy and total cancer mortality in
women®. Another meta-analysis reported a positive
association between the total mortality and cancer risk
associated with milk intake in women®. A non-linear
dose-response relationship also exists between dairy
products and all-cause mortality, with no adverse
effects observed for an intake of up to 750 g/day,
while a 15% increased risk of death was observed at
intakes below 1000 g/day®. Conversely, some meta-
analyses have reported that dairy products were not
associated with total or cancer mortality®® 19, and the
addition of 200 mL/day of dairy or milk intake was

Advance Publication Journal of Atherosclerosis and Thrombosis
Accepted for publication: September 23,2024 Published online: November 13, 2024 5



Miyagawa et al.

Table 2. Adjusted hazard ratios and 95% Cls for the mortality from all cause, cancer, cardiovascular disease according to sex-specific tertiles

of dairy intake: J-MICC study

Men

Women

Dairy intake, g/1000 keal energy intake

Dairy intake, g/1000 keal energy intake

T1 (low) T2 T3 (high)

Pfor T1 (low) T2 T3 (high) P for

trend trend

Median dairy (IQR) intake g/1,000kcal 4.7 (0, 9.4) 34.6 (21.5,49.5) 94.1(78.2,127.2)

18.9(7.5,31.4) 79.7 (64.6,93.8) 149.0 (123.5, 184.4)

Person years 129,751 131,560 130,717 180,258 180,611 179,842

Total mortality

Number of deaths 802 751 504 423 417

Rate/1000 person years 6.18 5.71 2.80 2.34 2.32

Hazard ratio (95% CI)
Model 1 1.00 0.89 (0.80-0.98)  0.84 (0.77-0.93)  0.001 1.00 0.78 (0.69-0.89)  0.75 (0.66-0.85)  <0.001
Model 2 1.00 0.88 (0.80-0.97)  0.85(0.77-0.94)  0.001 1.00 0.79 (0.70-0.90)  0.77 (0.68-0.88)  <0.001
Model 3 100 0.98(0.88-1.08) 0.99 (0.90-1.10) 0.895 100 0.83(073-0.95 0.81(070-0.92)  0.001

Cancer mortality

Number of deaths 465 438 257 245 223

Rate/1000 person years 3.58 3.33 1.43 1.36 1.24

Hazard ratio (95% CI)
Model 1 100 0.89(0.78-1.01) 0.80 (0.71-091) 0.001 100 0.90(0.76-1.08) 0.80 (0.67-0.96)  0.018
Model 2 1.00 0.90 (0.79-1.02)  0.81(0.71-0.92)  0.002 1.00 0.93 (0.78-1.10)  0.83 (0.70-0.999) 0.049
Model 3 1.00 0.98 (0.86-1.12)  0.94 (0.82-1.07)  0.342 1.00 0.97 (0.81-1.16)  0.85 (0.71-1.03) 0.093

Cardiovascular disease mortality

Number of deaths 99 91 84 73 66

Rate/1000 person years 0.76 0.69 0.47 0.40 0.37

Hazard ratio (95% CI)
Model 1 1.00 0.87 (0.65-1.15)  0.99 (0.76-1.30)  0.995 1.00 0.79 (0.58-1.08)  0.69 (0.50-0.96) 0.025
Model 2 1.00 0.85 (0.64-1.14)  0.99 (0.76-1.30)  0.998 1.00 0.79 (0.58-1.09)  0.73 (0.52-1.004) 0.051
Model 3 100 098(0.73131) 122(0.92-162) 0.156 100 0.86(0.62-1.18) 0.80(0.58-1.12)  0.193

Model 1 was adjusted for age and study site. Model 2 was adjusted for the variables in Model 1 plus a history of hypertension, diabetes, and
dyslipidemia. Model 3 was adjusted for the variables in Model 2 plus the body mass index, smoking status, drinking status, physical activity during
leisure time (MET-hours/day), intake of red meat (g/1,000 keal), fish (g/1,000 kcal), vegetables (g/1,000 kcal), and fruits (g/1,000 kecal).

T, tertile; IQR, interquartile range; CI, confidence interval.

not associated with the risk of all-cause mortality® .
The present study observed inverse associations
between total dairy products and total mortality, milk
and all-cause/cancer mortality and between yogurt
and CVD mortality in women as well as inverse
associations between yogurt and total mortality in
both sexes. The total daily intake of participants in the
present study, even in the highest third quintile, was a
median of 170 g/day for men and 235 g/day for
women, which indicates a significant difference in the
distribution of intake. This is one of the main reasons
for the difference in results from the meta-analyses
conducted primarily on Western populations.
However, even among the Western cohort and the
EPIC-Italy cohort?), examining associations in a
relatively low milk intake range similar to the Japanese
population (120-160 g/day vs. no intake) revealed a
25% reduction in all-cause mortality risk with dairy

intake, which was consistent with the association in
our study. Similar levels of dairy intake may explain
why the present study and the report by EPIC-Italy
showed similar associations.

In the present study, the dairy intake was
inversely associated with mortality risk in women, and
only yogurt intake was inversely associated with the
risk of all-cause mortality in men after adjusting for
potential confounding factors. A large Japanese
cohort!® reported that dairy intake was inversely
associated with CVD mortality risk only in women,
and we observed a similar association in women in our
cohort. However, in other large Japanese cohorts'* 1,
total dairy and milk intake was inversely associated
with all-cause and CVD mortality risks, and yogurt
intake was inversely associated with all-cause, cancer,
and CVD mortality risks only in men. Among men in
our cohort, we only found an inverse association
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Table 3. Adjusted hazard ratios and 95% Cls for the mortality from all cause, cancer, cardiovascular disease according to sex-

specific tertiles of milk intake: J-MICC study

Men

Women

Milk intake, g/1000 kcal energy intake

Milk intake, g/1000 kcal energy intake

T1 (low) T2 T3 (high) P for trend T1 (low) T2 T3 (high) P for trend

Median milk (IQR) intake 0(0,0) 16(9.9,20.3)  79.2(654,91.2) 0(0,10.7)  48.4(23.1,64.5) 102.2 (94.3,125.5)

Person years 128,099 132,412 131,517 177,771 181,952 180,988

Total mortality

Number of deaths 770 761 848 492 420 432

Rate/1000 person years 5.93 5.78 6.49 2.73 2.33 2.40

Hazard ratio (95% CI)
Model 1 1.00 0.92 (0.83-1.01)  0.90 (0.82-0.99)  0.040 1.00 0.80 (0.70-0.91)  0.80(0.70-0.91)  0.001
Model 2 1.00 0.91 (0.83-1.01)  0.90 (0.82-0.99)  0.040 1.00 0.80 (0.70-0.91)  0.81(0.71-0.92)  0.001
Model 3 1.00 0.97 (0.88-1.07)  1.01(0.92-1.12)  0.779 1.00 0.84 (0.73-0.95)  0.84(0.73-0.95)  0.007

Cancer mortality

Number of deaths 454 440 469 265 239 221

Rate/1000 person years 3.50 3.34 3.59 1.47 1.32 1.23

Hazard ratio (95% CI)
Model 1 1.00 0.92 (0.81-1.05)  0.86 (0.75-0.98)  0.021 1.00 0.87 (0.73-1.03)  0.79 (0.66-0.95)  0.010
Model 2 1.00 092 (0.81-1.05) 0.86 (0.76-0.98)  0.025 1.00 0.87 (0.73-1.04)  0.80 (0.67-0.96)  0.015
Model 3 1.00 0.97 (0.85-1.11)  0.96 (0.85-1.1)  0.592 1,00 09 (0.76-1.08)  0.82 (0.69-0.99)  0.034

Cardiovascular disease mortality

Number of deaths 92 99 116 80 05 78

Rate/1000 person years 0.71 0.75 0.89 0.44 0.36 0.43

Hazard ratio (95% CI)
Model 1 1.00 0.98 (0.74-1.30)  1.04 (0.79-1.36) ~ 0.793 1.00 0.74(0.53-1.03)  0.84 (0.62-1.15)  0.291
Model 2 1.00 0.95(0.72-1.27)  1.02(0.77-1.34)  0.871 1.00 0.74 (0.53-1.03)  0.86(0.63-1.17)  0.343
Model 3 1.00 1.04 (0.78-1.39)  1.18 (0.89-1.56)  0.256 1.00 0.78 (0.56-1.09)  0.91 (0.66-1.25)  0.557

Model 1 was adjusted for the age and study site. Model 2 was adjusted for the variables in Model 1 plus a history of hypertension, diabetes, and
dyslipidemia. Model 3 was adjusted for the variables in Model 2 plus the body mass index, smoking status, drinking status, physical activity during
leisure time (MET-hours/day), intake of red meat (g/1,000 kcal), fish (g/1,000 kcal), vegetables (g/1,000 kcal), and fruits (g/1,000 kcal).

T, tertile; IQR, interquartile range; CI, confidence interval.

between yogurt intake and risk of total mortality.
Possible reasons for the inverse association between
dairy intake and risk of mortality in men observed in
the previous two reports'* ' from Japanese large
cohorts were less pronounced among men in our
study because men consume approximately half as
much dairy as women, and our study had a shorter
follow-up period than the previous reports.
Furthermore, our study cohort started after 2000,
which may have been associated with differences in
the disease structure. For example, the mortality rate
from CVD has decreased in recent years®» 2”). These
may make the association between dairy products and
mortality risk less visible due to the lower mortality
rates compared to previous reports. Therefore, we wish
to continue to follow-up on sex differences in dairy
intake and mortality risk.

We observed an inverse association between milk
intake and cancer mortality risk in women but not

with yogurt intake. Although this difference may be
related to differences in the association between
fermented and non-fermented milk with site-specific
cancer mortality risk, the small number of events in
the present study precludes site-specific examination.
We also observed an inverse association between
yogurt intake and the risk of CVD mortality in
women but not with milk intake. Previous reports
have shown that the intake of dairy products,
including milk and yogurt, has a protective effect on
hypertension?®, a major risk factor for CVD. We did
not find a statistically significant inverse association
between milk intake and the risk of CVD mortality
because the number of mortalities was small in this
study. Further large cohort studies of people with
genetic backgrounds similar to the present study
population are needed to clarify these differences.
Several limitations associated with the present
study warrant mention. First, we analyzed the intake
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Table 4. Adjusted hazard ratios and 95% Cls for the mortality from all cause, cancer, cardiovascular disease according to sex-
specific tertiles of yogurt intake: J-MICC study

Men

Women

Yogurt intake, g/1000 keal energy intake

Yogurt intake, g/1000 kcal energy intake

T1 (low) T2 T3 (high) P for trend T1 (low) T2 T3 (high) P for trend

Median (IQR) intake 0(0,0) 5.6(5,74)  40.2(22.5,53.2) 5.5 (0, 6.6) 14.1(12.4,29)  61.6 (51.6,69.9)

Person years 155,822 107,731 128,475 181,759 182,204 176,748

Total mortality

Number of deaths 1122 534 723 492 435 417

Rate/1000 person years 8.65 4.06 5.53 2.73 241 2.32

Hazard ratio (95% CI)
Model 1 1.00 0.82 (0.74-0.91)  0.76 (0.69-0.84)  <0.001 1.00 0.89 (0.78-1.01)  0.79 (0.69-0.90) 0.001
Model 2 1.00 0.82 (0.74-0.91) ~ 0.77(0.7-0.85)  <0.001 1.00 0.91(0.80-1.03)  0.83 (0.73-0.95)  0.005
Model 3 1.00 0.90 (0.81-0.998) 0.90 (0.82-0.999)  0.034 1.00 0.95 (0.84-1.09) 0.87 (0.76-0.997)  0.046

Cancer mortality

Number of deaths 619 308 436 238 240 247

Rate/1000 person years 4.77 2.34 3.34 1.32 1.33 1.37

Hazard ratio (95% CI)
Model 1 1.00 0.86 (0.75-0.98)  0.79 (0.69-0.89)  <0.001 1.00 1.02 (0.85-1.22)  0.95 (0.80-1.14) 0.595
Model 2 1.00 0.86 (0.75-0.98)  0.80 (0.70-0.90) <0.001 1.00 1.04 (0.87-1.24)  1.01(0.84-1.21) 0.943
Model 3 1.00 0.94 (0.82-1.08) 0.93(0.81-1.06)  0.251 1.00 1.08 (0.90-130) 1.03 (0.85-1.24)  0.793

Cardiovascular disease mortality

Number of deaths 143 74 90 103 63 57

Rate/1000 person years 1.10 0.56 0.69 0.57 0.35 0.32

Hazard ratio (95% CI)
Model 1 1.00 0.86 (0.65-1.15)  0.77 (0.59-1.01) 0.054 1.00 0.62 (0.45-0.84)  0.53 (0.38-0.73)  <0.001
Model 2 1.00 0.86 (0.65-1.14) 0.7 (0.59-1.01)  0.057 1.00 0.65 (0.47-0.89) 057 (041-0.79)  0.001
Model 3 1.00 0.95(0.71-1.27)  0.96 (0.73-1.28) ~ 0.772 1.00 0.69 (0.50-0.95)  0.64 (0.46-0.90)  0.007

Model 1 was adjusted for the age and study site. Model 2 was adjusted for the variables in Model 1 plus a history of hypertension, diabetes, and
dyslipidemia. Model 3 was adjusted for the variables in Model 2 plus the body mass index, smoking status, drinking status, physical activity during
leisure time (MET-hours/day), intake of red meat (g/1,000 kcal), fish (g/1,000 kcal), vegetables (g/1,000 kcal), and fruits (g/1,000 kcal).

T, tertile; IQR, interquartile range; CI, confidence interval.

of dairy products regardless of fat content because
information on the fat content of dairy products was
unavailable. Second, we did not have data on cheese
intake and did not examine the association between
cheese intake and the risk of mortality. However, the
Japanese population! consumes over 90% of its dairy
products from milk and yogurt, so this should not
have significantly affected the results. Third, we could
not perform a disease-specific analysis for cancer and
CVD because of the insufficient number of events.
Fourth, we could not consider salt intake as a
covariate, because the short FFQ used in this study
was not developed to assess salt intake. Fifth, we did
not have information on the lactase gene
polymorphisms. However, most Japanese populations
are likely to have lactase non-persistence
phenotypes?”, and in a multi-ethnic U.S. cohort
including Asian Americans, dairy intake was estimated
by ethnic background rather than gene

polymorphism??. Sixth, there were some unadjusted
confounding factors, such as socioeconomic status and
salt intake, for which our cohort did not have
sufficient data. Finally, as the study participants were
middle-aged and older Japanese individuals, our
results cannot be generalized to other populations.

Conclusion

A higher total dairy and milk intakes in women
and yogurt intake in both sexes were associated with a
reduced risk of all-cause mortality in the general
population across Japan during a 12-year follow-up.
The present study suggests that the consumption of
dairy products, at least to the extent daily consumed
by the Japanese population, is not inconsistent with
recommendations for a healthy dietary component.
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Supplemental Table 1. Baseline characteristics of participants in the J-MICC according to the sex-specific tertiles of milk intake

Men

Women

Milk intake, g/1,000 keal

Milk intake, g/1,000 keal

T1 (low) T2 T3 (high) T1 (low) T2 T3 (high)

Range of milk intake (median), g/1,000kcal 0-8(0) 8-43(16) 43 - 465 (79.2) 0-19(0) 19 - 85 (48.4) 85-500 (102.2)
Median intake of milk (IQR), g/day 0(0,0) 32 (16, 32) 160 (128, 160) 0(0, 15.5) 78 (31,78) 155 (155, 155)
Number at risk 11,364 11,365 11,364 15,207 15,208 15,207
Age, years 54.5 (9.4) 55.0 (9.3) 56.6 (9.2)* 54.0 (9.3) 54.4(9.3) 54.5 (9.6)*
Body mass index, kg/m? 23.7 (3.2) 24.0 (3.1) 23.7 (2.9) 224 (3.4) 22.5(3.3) 222 (3.2)*
History of hypertension, % 224 223 22.0 15.1 15.1 14.1*
History of diabetes, % 6.8 8.5 9.5% 3.0 3.1 3.2
History of dyslipidemia, % 13.6 15.6 15.7% 14.0 14.6 15.1%
Drinking status, % * &

Never 18.5 19.4 22.8 58.5 60.7 62.6

Past 2.9 2.8 3.4 1.9 1.7 1.8

Current 78.6 71.7 73.7 39.5 37.5 35.5

Missing 0.1 0.1 0.1 0.1 0.1 0.2
Smoking status, % ¥ *

Never 24.6 29.0 34,6 81.8 87.4 86.5

Past 39.1 39.4 40.9 8.1 6.4 6.8

Current 36.0 31.2 24.3 9.6 5.8 6.1

Missing 0.4 0.3 0.2 0.5 0.5 0.6
Physical activity in leisure time, MET-hour/day 0.8 (0, 2.6) 1.0 (0.1, 2.6) 1.4 (0.3, 3.5)* 0.5(0,2.2) 0.8(0.1,2.5) 1.0 (0.1, 2.6)*
Dietary intake

Energy, keal/day 1916.2 (361.8)  1881.2 (318.3) 1917.6 (313.7) 1490.6 (242.3)  1544.2 (231.4) 1548.1 (214.0)*

Dairy, g/1,000kez] 47(0,123) 23 6(15.7,42.8) 92 5(747,126.1)* 18.9(75,48.5) 739 (504, 945) 145.0 (112.3, 181.8)*

Yogurt, g/1,000keal 0(0,9.9) 7(0,12.1) 000,383  114(56,413) 148(7.3,417) 292 (7.4, 60.0)*

Red meat, g/1,000kcal .8(7.0,16.7) 10 1(7.5,16.9) 9(7.3,16.5) 13.7(9.1,21.9) 14.5(9.7,21.9) 13.9 (9.3, 21.4)

Fish, g/1,000kcal 24 3(16.0,35.1) 25.4(17.1, 35.1) 25 1(16.8,34.7) 29.9 (20.0,41.2) 30.7 (21.0,40.4)  29.5 (20.0, 40.2)*

Vegetable, g/1,000kcal 48.0 (31.9,71.0) 50.7 (35,73.5)  54.6(37.2,78.6)*  88.2(61.7,123.4) 91.3(65.8,123.5) 94.0 (66.8,129.7)*

Fruits, g/1,000keal 12.5(7.5,26.5)  15.7(94,30.7) 184 (10.1,41.2)*  27.8(13.6,61.1) 35.8(17.6,62.2) 39.8 (18.7,68.5)*

All variables are expressed as mean (standard deviation) or median (IQR) for continuous variables or as percentages for categorical variables. *p<
0.05: differences among sex-specific tertiles of dairy intake were assessed using trend analysis or Cochran-Armitage test.
J-MICC, Japan Multi-Institutional Collaborative Cohort; T, tertile; IQR, interquartile range; MET, metabolic equivalent of task.
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Supplemental Table 2. Baseline characteristics of participants in the J-MICC according to the sex-specific tertiles of yogurt intake

Men Women
Yogurt intake, g/1,000 kcal Yogurt intake, g/1,000 keal
T1 (low) T2 T3 (high) T1 (low) T2 T3 (high)

Range of yogurt intake (median), g/1,000kcal 0-0(0) 3-10(5.6) 10 - 223 (40.2) 0-9(5.5) 9-34(14.1) 34 -328 (61.6)
Median intake of yogurt (IQR), g/day 0(0,0) 10 (10, 10) 80 (50, 100) 10 (0, 10) 20 (20, 50) 100 (80, 100)
Number at risk 13,444 9,285 11,364 15,207 15,208 15,207
Age, years 55.8 (9.1) 53.7(9.5) 56.1(9.3) 53.5(9.6) 53.8 (9.4) 55.6 (9.1)*
Body mass index, kg/m? 23.8 (3.1) 23.9 (3.1) 23.6 (2.9)* 22.5(3.5) 224 (3.3) 22.0 (3.1)*
History of hypertension, % 23.6 20.6 21.9* 14.9 14.3 15.1
History of diabetes, % 8.4 7.4 8.7 33 3.0 3.0
History of dyslipidemia, % 13.4 14.4 17.2* 12.6 14.1 17.0*
Drinking status, % e *

Never 18.3 19.8 22.9 59.3 61.1 61.4

Past 3.0 2.6 3.4 2.0 1.6 1.8

Current 78.7 77.5 73.6 38.6 37.2 36.7

Missing 0.1 0.1 0.1 0.1 0.1 0.1
Smoking status, % * *

Never 233 31.4 34,9 80.8 87.1 87.7

Past 37.5 37.7 44.2 8.1 6.2 7.0

Current 38.9 30.6 20.5 10.7 6.2 4.6

Missing 0.3 0.2 0.3 0.4 0.5 0.7
Physical activity in leisure time, MET-hour/day 0.8 (0,2.4) 1.0 (0.1, 2.6) 1.5(0.5, 3.6)* 0.5(0,2.2) 0.8(0.1,2.4) 1.2 (0.3, 2.8)*
Dietary intake

Energy, keal/day 1907.7 (347.4)  1975.8 (332.3) 1843.9 (301.2)* 1529.0 (221.2)  1558.2 (230.4) 1495.7 (236.9)*

Dairy, g/1,000kcal 8 9 (0, 45.3) 23 0(13.2,66.0) 69.1 (44.9,115.4)* 26.0(7.5,91.4)  72.1 (33.4,110.8) 127.5 (78.9, 164.2)*

Milk, ¢/1,000kcal 9(0,453)  16(78,598) 255(83,78.6)%  209(0,88.0)  49.4(187,92.0) G645 (12.8,100.0)*

Red meat, g/1,000kcal 5(6.8,16.1)  10.2(7.5,17.0)  10.3(7.7,17.0)* 13.3(9.0,21.4) 15.3(9.7,22.0) 13 7(9.4,21.7)*

Fish, g/1,000keal 24 3(15.8,34.9) 23.8(16.5,33.3) 26.5(17.9,36.3)*  27.9(18.5,38.4) 30.2(21.0,40.2) 32 (21.9, 42.9)*

Vegetable, g/1,000keal 46.5 (31.1,68.6) 49.8 (34.3,71.8) 58.4(39.8,83.4)*  82.4(57.6,114.1) 91.5(65.9,123.7) 99.9 (71.7, 137.5)*

Fruits, g/1,000keal 115(6.9,23.2) 15.1(93,29.1)  20.6(11.9,45.2)*  21.8(11.7,51.8) 36.0(18.5,60.6) 50.5(22.3,78.9)*

All variables are expressed as mean (standard deviation) or median (IQR) for continuous variables or as percentages for categorical variables. *p<
0.05: differences among sex-specific tertiles of dairy intake were assessed using trend analysis or Cochran-Armitage test.
J-MICC, Japan Multi-Institutional Collaborative Cohort; T, tertile; IQR, interquartile range; MET, metabolic equivalent of task.
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