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Abstract: Background: Little is known about the effect of milk intake on all-cause mortality among
Chinese adults. The present study aimed to explore the association between milk intake and all-
cause mortality in the Chinese population. Methods: Data from 1997 to 2015 of the China Health
and Nutrition Survey (CHNS) were used. A total of 14,738 participants enrolled in the study.
Dietary data were obtained by three day 24-h dietary recall. All-cause mortality was assessed
according to information reported. The association between milk intake and all-cause mortality
were explored using Cox regression and further stratified with different levels of dietary diversity
score (DDS) and energy intake. Results: 11,975 (81.25%) did not consume milk, 1341 (9.10%) and
1422 (9.65%) consumed 0.1-2 portions/week and >2 portions/week, respectively. Milk consumption
of 0.1-2 portions/week was related to the decreased all-cause mortality (HR: 0.59, 95% CI: 0.41-0.85).
In stratified analysis, consuming 0.1-2 portions/week was associated with decreased all-cause
mortality among people with high DDS and energy intake. Conclusions: Milk intake is low among
Chinese adults. Consuming 0.1-2 portions of milk/week might be associated with the reduced risk
of death among Chinese adults by advocating health education. Further research is required to
investigate the relationships between specific dairy products and cause-specific mortality.
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1. Introduction

Milk and dairy products play critical roles in providing multiple essential nutrients
and energy for humans [1] and are listed as a core part of dietary recommendations around
the world [2—4]. The Dietary Guideline for Americans recommended intake of fat-free and
low-fat milk and dairy products is three servings/day (about 710 mL/day) for adults [2].
Chinese Dietary Guidelines in 2016 (CDG-2016) has a recommended consumption of 300 g
of milk and dairy products every day to maintain adequate nutrition [3].

Although full-fat or low-fat milk has been proved to prevent multiple chronic diseases
such as fractures, diabetes, and cancer, together with mortality [5-8], recent literature has
offered contradictory findings of the health effects of milk. Several systematic reviews and
meta-analyses have concluded that milk intake was not related to cardiovascular disease,
cancer, and all-cause mortality [9-11]. More seriously, studies over the past decades have
provided evidence that higher milk intake increased the risk of fracture, coronary heart
disease, cardiovascular mortality, and all-cause mortality in developed countries [12-15]. It
seems that the optimal intake of milk for individuals would depend on dietary structure,
that is, milk can improve nutrition and further prevent chronic diseases and mortality
among populations in developing countries but is likely to be profitless, even detrimental,
for those in developed countries with high dietary quality [16].
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Although milk intake has been gradually increased in China, it is still at a low level
because of perennial dietary habits [17]. The average milk and dairy product intake has
risen from 2.06 g/day in 1989 to 26.47 g/day in 2011 [18]. A cohort study of 45,411 individuals
in China has shown that median (Py5, Py5) milk and its product intake in China was
20.5 (5.19, 75.0) g/day [17] during 1999 to 2010 [5], which is significantly lower compared
to European and North American countries (368.4 £ 282.5 g/day) [17], and also far lower
than the Chinese recommended amount (300 g/day) [19]. As a result of insufficient intake
of milk and dairy products, calcium intake is insufficient among Chinese adults. One recent
cohort study reported the calcium intake was 517.0 (SD: 266.4) mg/day among middle-
aged Chinese, which is lower than the Estimated Average Requirements (650 mg/day) of
Chinese Dietary Reference Intakes in 2013 [20].

The health effects of milk, a major dietary source of calcium, among Chinese adults
may be very different from those in developed countries. In addition, in the context of
unbalanced status of economic development, culture, and lifestyle in China, nutrition status
and quality among Chinese adults are especially different. Therefore, the role of milk plays
might be quite different with different dietary diversity and energy intake. Nevertheless,
little Chinese research has revealed the health effects of milk on certain diseases [21-23],
and little is known about the effect of milk intake on all-cause mortality among Chinese
adults, especially for Chinese with different dietary quality.

To address these gaps in the previous research literature, the present study aimed
(1) to explore the association between milk intake and all-cause mortality, and (2) to further
explore the association among people with varied dietary quality.

2. Materials and Methods
2.1. Study Population

Data used in this study were obtained from China Health and Nutrition Survey
(CHNS), which is a large-scale, ongoing longitudinal and household-based survey initi-
ated in 1989; nine additional waves were collected in 1991, 1993, 1997, 2000, 2004, 2006,
2009, 2011, and 2015. The detailed study design can be found on the study website [24].
Briefly, a multistage random cluster sampling was used to select samples representing the
socioeconomic status and health indicators of the population in 11 provinces (Guizhou,
Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning, Shaanxi, Shandong, Yunnan, and
Zhejiang) and four autonomous cities/regions (Beijing, Shanghai, Chongqing, and Guangxi)
of China.

To investigate association between milk intake and all-cause mortality, our sample
included data in the seven waves collected from 1997 to 2015 (dietary data in 2015 were
not available). Data in 1989 and 1993 was excluded because dietary data in the two
years were not correctly coded and could not be identified. Participants were excluded
with: (1) baseline age <18 years or missing; (2) missing dietary data; (3) extreme average
energy intake with <520 kcal/day or >8000 kcal/day in all the waves of participation;
or (4) participation time <4 years. A total of 14,738 participants were included in this
study (Figure 1).

2.2. Data Collection

Dietary data were collected by trained interviewers over three consecutive days within
a week at individual and household levels. The three consecutive days were selected
randomly from Monday to Sunday. For individual dietary intake, all the foods consumed
(meals and snacks) by participants over the previous 24 hours were reported. Types,
quantities of all food consumed, and dining places were recorded by the interviewers
with the help of food models and pictures. Household food and condiment consumption
were calculated by recording the changes of inventory from the beginning to the end of a
three-day survey, including all purchased, homemade, and processed food [25].
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Participants from 1997 to 2015
{n = 37,643)

Excluded if aged < 18 years
(n = 8063}

Y

Participants aged at least 18 years
(n = 29,580)

Excluded if had missing dietary data
{n=1925)

k4

Participants with complete dietary data
(n=27,655)

Excluded if had extreme energy intake
{n = 1056)

A

Participants with rational dietary data
(n = 26,599)

Excluded if participation time was less 4 years
(n=11861)

Y

Baseline sample
(n=14,738)

Figure 1. Flow chart of sample selection.

Milk was identified as liquid milk, yogurt, and milk powder (100 g yogurt or 12.5 g
milk powder were converted to 100 g liquid milk according to their protein ratios in
fresh milk according to CDG-2016) [3]. Other types of dairy products were not included
because of their rare intake in the studied population. The cumulative average intake of
milk was calculated by summing milk quantity and dividing by the number of waves
from participating in the survey to death or loss to follow-up during 1997-2015. Weekly
consumption of milk was divided into portions: one portion of milk was regarded as
300 g according to CDG-2016 [3]. Milk consumption was categorized into three groups
as follows: no consumption, 0.1-2 portions/week, and >2 portions/week. Cumulative
average intakes of vegetables, fruits, and red meat during follow-up, and milk intake at the
entry to the cohort were calculated.

Dietary quality was evaluated in this study by dietary diversity score (DDS) and
energy intake. DDS was developed according to CDG-2016 [3], which contains 10 food
groups, eight of which (cereals and tubers, vegetables, fruits, meat, soybeans and nuts,
eggs, aquatic products, as well as milk and dairy products) were involved in developing
the DDS. Since salt and oil are indispensable in the Chinese diet, they were not used to
establish DDS. The DDS was classified as low or high according to its median. The nutrient
intake and daily energy intake were calculated based on the Chinese Food Composition
Tables [26,27]. Similarly, daily energy intake was classified as low or high according to the
median intake level.

2.3. Assessment of Outcome

All-cause mortality was assessed according to information reported in each wave of
the survey, with updating of live or deceased status in the household registration system.
Dates of death were recorded if a decease occurred. Years of follow-up were calculated
from the enrolment time (1997) to death or censoring.

2.4. Definition of Covariates

Participants were required to complete a questionnaire and a physical examination
with the assistance of trained surveyors in each wave. The questionnaire contained:
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(1) sociodemographic information, including age (continuous variable), sex (male or fe-
male), education (junior high school or below, senior high school or vocational school,
university or above, and unknown), place of residence (eastern, central, and western China),
and individual income (<30,000 yuan/year, 30,000-59,999 yuan/year, and >60,000 yuan/year);
(2) information about personal lifestyle behaviors, including smoking status (never, for-
mer smoker, current smoker, and unknown), and alcohol intake (never, <1 time/week,
>1 time/week, and unknown), physical activity (MET-hour/week); and (3) informa-
tion about chronic disease history (no or yes), including hypertension, diabetes, fracture,
and cancers. Height and weight were measured by surveyors with standard methods.
Body mass index (BMI) was calculated by dividing weight (kg) by the square of height
(m?) and divided into four levels according to the Working Group on Obesity in China:
<18.5 kg/mz, 18.5-23.9 kg/mz, 24-27.9 kg/mz, and >28 1<g/m2 [28]. The above information
might slightly change with time, so sociodemographic characteristics, lifestyle behaviors,
and BMI at baseline were collected, and an occurrence of chronic disease in any wave was
identified as having a chronic disease history in this study.

2.5. Statistical Analyses

Chi-square (x?) tests and one-way analyses of variance (ANOVAs) were used to com-
pare basic categorical and continuous variables of the milk intake groups. The association
between milk and all-cause mortality was explored using Cox proportion hazard regression
and further stratified with different levels of DDS and energy intake. The Cox proportion
hazard regression included two adjusted models: Model 1 adjusted for age, sex, education,
place of residence, and individual annual income; Model 2, based on Model 1, further
adjusted for smoking status, alcohol intake, physical activity, BMI, chronic disease history,
vegetable intake, fruit intake, red meat intake, DDS, and energy intake. The same procedure
mentioned above was conducted for stratified analyses of dietary quality (including DDS
and energy intake). DDS and energy intake were not adjusted in their corresponding strati-
fied analyses. Restricted cubic spline (RCS) Cox regression was additionally performed
to explore the nonlinear dose-response relationship between milk intake and all-cause
mortality, adjusting for the same confounders as Model 2 in Cox proportion hazard re-
gression. The number of knots with max R? and Dxy in the RCS Cox regression model
was selected. In sensitivity analysis, we applied inverse probability of treatment weight
(IPTW) Cox proportion hazard regression to balance off the confounding factors between
milk intake and all-cause mortality. In short, as a type of propensity score method, IPTW
balances the distributions of confounding factors among different milk intake groups in
the analysis phase, and its strength is no loss of sample size compared to propensity score
match [29]. Confounding factors considered in this study were age, sex, education, place of
residence, individual annual income, smoking status, alcohol intake, physical activity, BMI,
chronic disease history, vegetable intake, fruit intake, red meat intake, and milk intake at the
baseline. Probabilities of participants consuming milk were calculated by multiple logistic
regression. Weightings of participants in the milk consumption group were obtained by
calculating the reciprocal of probabilities, and weighted Cox proportion hazard regres-
sion was applied to examine the association between milk intake and all-cause mortality.
In addition, the association between milk intake at baseline and all-cause mortality was
also explored.

Statistical significance was determined as p < 0.05 (two-tailed). Statistical analyses
were performed with R 3.6.2 (R Development Core Team, Vienna, Austria).

3. Results
3.1. Sociodemographic Characteristics of Participants

Sociodemographic and dietary characteristics at baseline are presented in Table 1.
11,975 (81.25%) did not consume milk (no consumption), 1341 (9.10%) and 1422 (9.65%)

consumed 0.1-2 portions/week and >2 portions/week, respectively. The median (Pys,
P75) DDS and daily energy intake were 3.27 (2.67, 4.00) and 2046.15 (1714.44, 2384.04)
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kcal/day, respectively. The differences in age, education, place of residence, individual
annual income, smoking status, alcohol intake, BMI, chronic disease history, physical
activity were significant, and sex was not statistically different among them.

Table 1. Baseline sociodemographic and behavioral characteristics of participants.

No Consumption  0.1-2 Portions/Week >2 Portions/Week p

(N =11,975) (N =1341) (N =1422)
Age, M (P35, Py5) 42.0 (32.0, 54.0) 44.0 (34.0, 57.0) 50.0 (36.0, 61.0) <0.001
Sex, n (%) 0.123
Male 5604 (46.8) 614 (45.8) 626 (44.0)
Female 6371 (53.2) 727 (54.2) 796 (56.0)
Education, n (%) <0.001
Junior high school or below 6404 (53.5) 466 (34.8) 516 (36.3)
Senior high school or vocational school 1574 (13.1) 313 (23.3) 305 (21.4)
University or above 722 (6.03) 259 (19.3) 270 (19.0)
Unknown 3275 (27.3) 303 (22.6) 331 (23.3)
Place of residence, n (%) <0.001
Eastern China 4340 (36.2) 791 (59.0) 950 (66.8)
Central China 4487 (37.5) 342 (25.5) 289 (20.3)
Western China 3148 (26.3) 208 (15.5) 183 (12.9)
Individual annual income, yuan, 1 (%) <0.001
<30,000 6974 (58.2) 732 (54.6) 752 (52.9)
30,000-59,999 3535 (29.5) 435 (32.4) 496 (34.9)
>60,000 1466 (12.2) 174 (13.0) 174 (12.2)
Smoke status, 1 (%) <0.001
Never 5347 (44.7) 738 (55.0) 770 (54.1)
Former smoker 333 (2.78) 45 (3.36) 60 (4.22)
Current smoker 2070 (17.3) 205 (15.3) 206 (14.5)
Unknown 4225 (35.3) 353 (26.3) 386 (27.1)
Alcohol intake, times/week, 1 (%) <0.001
Never 5162 (43.1) 655 (48.8) 696 (48.9)
<1 888 (7.42) 140 (10.4) 123 (8.65)
>1 1665 (13.9) 189 (14.1) 211 (14.8)
Unknown 4260 (35.6) 357 (26.6) 392 (27.6)
Physical activity, MET-hour/week, M (Pp5, P75) 125 (57.0, 199) 109 (56.0, 167) 96.1 (49.0, 158) <0.001
BMI, kg/m?, n (%) <0.001
<18.5 354 (2.96) 34 (2.54) 45 (3.16)
18.5-23.9 8222 (68.7) 860 (64.1) 879 (61.8)
24.0-27.9 2482 (20.7) 323 (24.1) 376 (26.4)
>28.0 917 (7.66) 124 (9.25) 122 (8.58)
Chronic disease history, 1 (%) <0.001
No 10,741 (89.7) 1154 (86.1) 1153 (81.1)
Yes 1234 (10.3) 187 (13.9) 269 (18.9)

3.2. Dietary Intake Characteristics of Participants

Dietary quality and intake of other foods are shown in Table 2. DDS, daily energy
intake, consumption of vegetables, fruits, and red meat, and baseline milk intake among the
three milk intake groups were statistically significant. Compared to no milk consumption,
higher DDS and intake of fruits and red meat but lower intake of energy and vegetables
among participants consuming milk were observed.

3.3. Association between Milk Intake and All-Cause Mortality
3.3.1. Overall Population

Association between milk intake and all-cause mortality are shown in Table 3. Overall,
during a median (Pys5, P75) follow-up of 10.31 (5.00, 17.84) years with 157,528.10 person-
years, 642 deaths occurred. All-cause mortality was 4.30/1000 person-years for no milk
consumption, 2.53/1000 person-years for 0.1-2 portions milk/week, and 3.35/1000 person-
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Table 2. Dietary intake characteristics of participants.

years in the group consuming >2 portions milk/week, respectively. In the unadjusted
and Model 2 Cox proportion hazard regression models, consuming 0.1-2 portions/week
was associated with lower all-cause mortality compared to the no milk consumption
group, while no association was observed between consuming >2 portions/week and
all-cause mortality.

No Consumption 0.1-2 Portions/Week >2 Portions/Week 4
(N =11,975) (N =1341) (N =1422)
Dietary diversity score, 3.00 (2.61, 3.67) 4.00 (333, 4.67) 438 (3.75, 5.17) <0.001
M (Pys, P75)
f/?flﬂgy llﬁ‘ta)ke' keal/day, 2057.07 (1723.43,2400.67)  1983.93 (1663.95,2297.24)  1996.05 (1678.69,2293.63)  <0.001
25, 1775

Vegetables intake, g/day, 208 (144, 282) 186 (127, 250) 192 (133, 261) <0.001
M (stf Pys)
Fruits intake, g/day, 0.00 (0.00, 100) 83.3 (0.00, 150) 100 (33.3, 168) <0.001
M (Pys, P7_5)
Red meat intake, g/day, 1.33 (0.00, 20.0) 9.33 (0.00, 33.3) 7.32 (0.00, 33.3) <0.001
M (P35, P75)
Milk intake at baseline, potions/week, 1 (%) <0.001

0 11,975 (100) 307 (22.9) 179 (12.6)

0.1-2 0 (0) 933 (69.6) 243 (17.1)

>3 0 (0) 101 (7.5) 1000 (70.3)

Table 3. Association between average milk intake and all-cause mortality.
No Consumption  0.1-2 Portions/Week  >2 Portions/Week
Overall population
Incidence (no. of 430 253 335

deaths /1000 person-years)

Unadjusted Model 1.00 (Reference) 0.63 (0.44, 0.90) * 0.81 (0.60, 1.10)
Model 1 1.00 (Reference) 0.57 (0.39, 0.81) ** 0.73 (0.54, 1.00) *
Model 2 1.00 (Reference) 0.55 (0.38, 0.79) ** 0.74 (0.38, 1.43)
IPTW Model 1.00 (Reference) 0.63 (0.44, 0.90) * 0.81 (0.60, 1.10)
Low dietary diversity
Incidence (no. of
deaths /1000 person-years) 499 405 473
Unadjusted Model 1.00 (Reference) 0.78 (0.46, 1.33) 0.92 (0.49, 1.73)
Model 1 1.00 (Reference) 0.76 (0.44, 1.29) 0.67 (0.36, 1.25)
Model 2 1.00 (Reference) 0.76 (0.45, 1.31) 0.66 (0.35, 1.24)
IPTW Model 1.00 (Reference) 0.78 (0.46, 1.33) 0.92 (0.49, 1.73)
High dietary diversity
Incidence (no. of
deaths /1000 person-years) 299 195 310
Unadjusted Model 1.00 (Reference) 0.65 (0.40, 1.07) 0.97 (0.67, 1.40)
Model 1 1.00 (Reference) 0.50 (0.30, 0.82) ** 0.69 (0.47, 1.02)
Model 2 1.00 (Reference) 0.51 (0.31, 0.84) ** 0.71 (0.48, 1.05)
IPTW Model 1.00 (Reference) 0.65 (0.40, 1.06) 0.96 (0.66, 1.39)
Low energy intake
Incidence (no. of
deaths /1000 person-years) 579 412 .57
Unadjusted Model 1.00 (Reference) 0.78 (0.52, 1.17) 0.80 (0.56, 1.16)
Model 1 1.00 (Reference) 0.72 (0.47, 1.10) 0.83 (0.57, 1.21)
Model 2 1.00 (Reference) 0.75 (0.48, 1.14) 0.80 (0.53, 1.19)
IPTW Model 1.00 (Reference) 0.78 (0.52, 1.17) 0.80 (0.56, 1.17)
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Table 3. Cont.

No Consumption  0.1-2 Portions/Week  >2 Portions/Week

High energy intake
Incidence (no. of
deaths /1000 person-years) 3.20 1.06 2.16
Unadjusted Model 1.00 (Reference) 0.35 (0.16, 0.74) ** 0.72 (0.43, 1.21)
Model 1 1.00 (Reference) 0.32 (0.15, 0.68) ** 0.61 (0.36, 1.05)
Model 2 1.00 (Reference) 0.31 (0.14, 0.67) ** 0.60 (0.35, 1.04)
IPTW Model 1.00 (Reference) 0.35 (0.16, 0.74) ** 0.72 (043, 1.21)

*p < 0.05, ** p < 0.01. Model 1 adjusted: age, sex, education, individual annual income, place of residence. Model 2
based on model 1 further adjusted physical activity, smoking status, alcohol intake, vegetable intake, fruit intake,
red meat intake, dietary diversity score, and energy intake. Dietary diversity score and energy intake were not
adjusted in their corresponding stratified analyses. IPTW Model: Inverse probability of treatment weight cox
proportion hazard regression to balance confounding factors among different groups of milk intake.

The results of the IPTW Cox proportion hazard regression were similar to those of the
aforesaid Cox regression: consuming 0.1-2 portions/week but not >2 portions/week was
related to the lower risk of death in comparison to no milk consumption.

3.3.2. Stratified Analyses

In the low DDS group, the results of univariate, multivariate, and IPTW Cox pro-
portion hazard regression were similar: consumption of 0.1-2 portions/week and >2 por-
tions/week did not change all-cause mortality compared to no milk consumption. Among
participants with high DDS, in adjusted models, consuming 0.1-2 portions/week was asso-
ciated with the reduction of all-cause mortality, while the phenomenon was not observed
in the unadjusted or IPTW models.

In the low energy intake group, the results of all Cox proportion hazard regression
showed no association of consuming milk at 0.1-2 portions/week and >2 portions/week
with the risk of death compared to no milk consumption. For those with high energy
intake, the unadjusted, adjusted, and IPTW Cox proportion hazard regression models
showed significant associations between milk consumption of 0.1-2 portions/week and
all-cause mortality.

3.4. Nonlinear Relationship between Milk Intake and All-Cause Mortality

Figure 2 shows the nonlinear relationships between milk intake and all-cause mortality
among the overall population and subgroups stratified by dietary quality. RCS models
with four knots were selected because of max R? and Dxy in the models. Among the overall
population, milk intake of about 0.1-3 portions/week was associated with decreased all-
cause mortality, whereas higher-level intake (>3 portions/week) was not. In the stratified
analyses, the association in the high DDS group were similar to the overall population, and
milk intake of 0.1-2 portions was related to the lower risk of death among participants
with high energy intake; however, the associations in the low DDS and low energy intake
groups were not observed.

3.5. Sensitivity Analyses

Apart from IPTW weighted Cox proportion hazard regression, other sensitivity analy-
ses did not substantially modify our findings. The results of the association between milk
intake at baseline and all-cause mortality remained stable (Table S1).
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Figure 2. Restricted cubic spline plots to evaluate relationships between milk intake and all-cause
mortality among (A) Overall participants; (B) Participants with low dietary diversity score; (C) Par-
ticipants with high dietary diversity; (D) Participants with low energy intake; and (E) Participants
with high energy intake. HR and 95% CI were adjusted for age, sex, education, place of residence,
individual annual income, smoking status, alcohol intake, physical activity, BMI, chronic disease
history, vegetable intake, fruit intake, red meat intake, dietary diversity score, and energy intake.
Dietary diversity score and energy intake were not adjusted in their corresponding stratified analyses.
Units of milk intake: portions/week (1 portion = 300 g).

4. Discussion

In this large, national, and prospective cohort study with a long follow-up time, we first
explored the association between cumulative average intake and milk intake on all-cause
mortality in Chinese adults. In contrast to most reports from European and North American
countries, properly increased intake of milk (0.1-2 portions/week, 1 portion = 300 g) could
be associated with reduction of all-cause mortality in China.

4.1. Insufficient Intake of Milk among Chinese Adults

As a type of nutrient-dense food, milk is rich in energy, protein, essential minerals,
and vitamins, such as phosphorus, potassium, vitamins A, D, and B12, riboflavin, niacin,
and especially calcium [30]. Most dietary calcium requirements cannot be met if a person
does not consume milk, and it is difficult to replace nutrients from milk with nonmilk
alternatives [31]. Meanwhile, milk might reduce appetite and further reduce the consump-
tion of other foods rich in fat [32]. Therefore, milk intake might not increase the total
energy intake and body weight [33,34], which is similar to our results in Table 2. Previous
studies have shown that protein and calcium in milk played essential roles in preventing
osteoporosis [35,36]. Furthermore, minerals in milk, such as calcium, potassium, and mag-
nesium, were proved to contribute to maintaining healthy blood pressure and improving
in vivo insulin sensitivity and insulin response [37]. However, our results showed that
milk consumption among Chinese adults was obviously inadequate; most participants
did not consume milk during the follow-up. Similar results have been shown by other
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studies [17,19]. A national review revealed that only 23.7% of participants consumed dairy
every day, and the average Chinese milk intakes in large—, small-, and medium-sized
cities and rural areas in 2016 were 64.3,24.2, 9.1, and 4.9 g/day, respectively [19], which
were far lower than the recommendation of CDG-2016 (300 g/day) and consumption in
other countries. For example, average intakes of milk in the Netherlands and the UK were
466 g/day and 0.2 L/day (about 200 g/day), respectively [14,38]. Therefore, under the
circumstances, the health effects of milk among Chinese need to be evaluated.

4.2. Role of Milk in Health

In recent decades, the role of milk in health has been controversial. Ming Ding
and colleagues drew the conclusion from three large cohort studies in the United States
that high total dairy consumption was not associated with the risk of mortality [39]. In
addition, concerns exist about whether dairy/milk would result in possible adverse health
outcomes [16]. Several cohort studies showed that higher dairy/milk intake increased the
risk of hip fracture, cardiovascular mortality, and all-cause mortality [11,13-15,40].

Several recent meta-analyses have also concluded that drinking milk or dairy had no
benefit to health, but even increased the risk of cancer and mortality [41-43], which might be
explained by the fact that excessive intake of milk would increase circulating concentrations
of insulin-like growth factor (IGF)-I [44]. However, the reported heterogeneity of these
analyses was high, and the research samples and methods of these recruited studies
were diverse.

In this study, we observed the association between milk intake of 0.1-2 portions/week
and the decreased risk of death, and these results are supported by several previous
studies conducted in China [5,22,23] and other countries in East Asia [45-48]. These studies
reported that dairy /milk was beneficial to prevent diabetes and cardiovascular disease
among Chinese adults. However, our results were discrepant with literature reports from
developed countries, which showed that milk consumption was positively associated with
all-cause mortality (HR: 1.13, 95% CI: 0.95-1.35) and cancer mortality (HR: 1.56, 95% CI:
1.17-2.08) [8]. The inconsistency could be explained by the different milk consumption
levels among different countries. It should be noted that the highest milk intake group in
our study (>2 portions/week) was still at a low level compared to developed countries,
while the high level in most of the above studies was defined by several servings/day [39],
and in an article concerning American adults Pgy was even 17.8 (SD: 5.9) servings/day,
or about (4218.6 + 1398.3) mL/day. In addition, in the RCS Cox regression, we found
that the decreased risk of all-cause mortality was seen only in the milk intake group
of 0.1-2 portions/week rather than the milk intake group of >2 portions/week. This
phenomenon might result from the rough grouping of milk intake, which impeded the
evaluation of the actual effect of milk intake. The health effects of high milk intake in the
Chinese population still need to be evaluated, especially for vulnerable groups such as
children and elderly people.

4.3. Association between Milk and All-Cause Mortality for Different Dietary Qualities

As demonstrated by previous literature, the health effect of dairy /milk depends on
people’s proper dietary and nutritional status. Our results further examined the asso-
ciations between milk intake and all-cause mortality stratified by dietary diversity and
the results showed that drinking 0.1-2 portions/week was associated with the decreased
all-cause mortality only among people with high DDS. The results suggest that milk intake
of 0.1-2 portions/week might generate higher health benefits among the population with
insufficient calcium intake. While no significant association was found among the popula-
tion consuming >2 portions/week, which might be explained by our rough grouping of
milk intake because of the limited number of populations who consumed milk and exces-
sive milk intake might not be beneficial and even do harm to human health. Considering
synthetically the results of our study and other studies involving Chinese adults [5,21,49],
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milk intake of 0.1-3 portions/week might benefit the health of Chinese adults. However,
the optimal amount of milk intake needs randomized controlled trials to further determine.

As an important component of DDS and a sign of a healthy diet, greater milk con-
sumption was associated with higher dietary diversity and a higher intake of other healthy
foods [50]. Recent research revealed that increased intake of milk and high DDS might be
some of the reasons why the Japanese have the world’s longest life expectancy [51]. Higher
DDS was also found to lower the risk of fracture and disability in activities, and benefit
cognitive function and memory status among adults [52-55]. Therefore, people consuming
more milk might achieve a higher DDS, which could explain the association between a
higher milk intake and decreased mortality in the high DDS group.

When considering energy intake, milk consumption of 0.1-2 portions/week was
related to the lower all-cause mortality in the high energy intake group. One cohort
study showed that a moderate energy intake (2104 kcal/day) decreased all-cause mor-
tality by 26%, compared to a low energy intake (1425 kcal/day) [56]. In our study, total
energy intake among adults with no consumption, milk intake of 0.1-2 portion/week,
and >2 portion/week were 2057.07, 1983.93, and 1996.93 kcal/day, respectively, which
were lower than Chinese Dietary Reference Intake 2013 [20]. Our results of energy intake
are similar to other studies conducted in China (2063 kcal/day) in 2012 [57], but lower
than US adults (2170.2 [SD:5.6] kcal/day) in 2013-2014 [58] and Korean adults (2463.1 [SD:
16.7] kcal/day) in 2013-2015 [59]. Therefore, total energy intake among Chinese adults is
still insufficient and in descending trend [57]. Protein in milk provides plenty of energy,
scavenges free radicals, and participates in immunoregulation, so milk could decrease
mortality among people with high energy intake. Therefore, as a symbol of a healthy diet,
an increased intake of milk might promote good health based on the current dietary quality
and structure among Chinese adults. Further studies that take variables such as milk,
mortality, DDS, and energy intake into account, need to be undertaken.

4.4. Limitations

Several limitations of this study should be mentioned. First, only liquid milk, yogurt,
and milk powder were included in our study, and other types of dairy products were not
taken into consideration in analyses because of their low consumption among the Chinese.
The obvious difference in the range of dairy products consumed between the people in
developed countries and the Chinese might be one of the reasons for different conclusions
between our study and other studies in developed countries. Second, milk intake was
roughly categorized into three groups because of the limited number of participants who
consumed 0.1-1 portion/week and excessive milk, so the results for 0.1-2 portions/week
and >2 portions/week might be misestimated. Third, data on nutrient supplement intake
were not available in the CHNS, which might misestimate the association between milk
intake and all-cause mortality. Fourth, since cause-specific mortality was not available in
CHNS, the contribution of milk intake to cause-specific mortality could not be identified
and needs further investigation. Finally, potential confounding bias cannot be measured
and adjusted completely, and residual confounding cannot be entirely ruled out. However,
we identified the confounding factors as far as possible and meanwhile avoid excessive
adjustment, and the stable results of sensitivity analyses suggest that our results are credible.

5. Conclusions

In conclusion, we observed milk intake in the current population to be far lower
than the recommendation of CDG-2016. The study further revealed that the consumption
of 0.1-2 portions/week of milk products might be associated with the reduced all-cause
mortality, and the association remains when further stratified by the dietary quality and in
sensitivity analyses, which demonstrate the reliability of our results. Therefore, the heath
effect of a certain food may differ in varied populations. Combined with the fact that milk
intake in the Chinese population was far lower than the recommendation of CDG-2016,
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health education, health promotion, and encouragement toward increased milk intake to
0.1-2 portions/week are urgently needed.

Further research is required to investigate the association between specific dairy
products and cause-specific mortality among Chinese, and further determine the specific
requirements of each kind of dairy. More studies on certain populations, such as children
and the elderly, should also be taken into consideration.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/nu14020292/s1, Table S1: Association between milk intake
at baseline and all-cause mortality.

Author Contributions: Conceptualization, A.Z. and X.N.; methodology, A.Z., X.N., H.L. and YW.;
software, X.N.; validation, A.Z., H.L., YW. and ].Z.; formal analysis, A.Z., X.N. and Y.T.; investigation,
A.Z. and X.N,; resources, A.Z.; data curation, X.N., ].Z. and Y.T.; writing—original draft preparation,
X.N.; writing—review and editing, A.Z., H.L., YW. and ].Z.; visualization, X.N. and Y.T.; supervision,
A.Z.; project administration, A.Z., H.L. and Y.W.; funding acquisition, A.Z. All authors have read and
agreed to the published version of the manuscript.

Funding: The CHNS project was funded by a number of organizations. Major funding for the survey
and data dissemination from 1991 to 2004 came from the (NIH) (P01-HD28076 and HD30880). Addi-
tional funding was from the NIH (HD39183), the Carolina Population Center, the Ford Foundation,
the National Science Foundation (INT-9215399), the National Institute of Nutrition and Food Safety,
and the Chinese Center for Disease Control and Prevention.

Institutional Review Board Statement: All subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted according to the guidelines of the Declaration
of Helsinki 1975 (revised in 2013), the China Health and Nutrition Survey (CHNS) was approved
by the institutional review boards of the University of North Carolina at Chapel Hill, the National
Institute for Nutrition and Health, and the Chinese Center for Disease Control and Prevention, and
registered at clinicaltrials.gov (accessed on 6 January 2022). The current study was further approved
by the Institution Review Board of Tsinghua University (Project identification 20210072).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Publicly available datasets were analyzed in this study. This data can
be found here: https://www.cpc.unc.edu/projects/china (accessed on 6 January 2022).

Acknowledgments: This research uses data from China Health and Nutrition Survey (CHNS). We are
grateful to research grant funding from the National Institute for Health (NIH), the Eunice Kennedy
Shriver National Institute of Child Health and Human Development (NICHD) for R01 HD30880,
National Institute on Aging (NIA) for R01 AG065357, National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK) for RO1DK104371 and RO1HL108427, the NIH Fogarty grant D43
TWO009077 since 1989, and the China-Japan Friendship Hospital, Ministry of Health for support for
CHNS 2009, Chinese National Human Genome Center at Shanghai since 2009, and Beijing Municipal
Center for Disease Prevention and Control since 2011. We thank the National Institute for Nutrition
and Health, China Center for Disease Control and Prevention, Beijing Municipal Center for Disease
Control and Prevention, and the Chinese National Human Genome Center at Shanghai.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Drewnowski, A.; Victor, E, III. Nutrient Profiling of Foods: Creating a Nutrient-Rich Food Index. Nutr. Rev. 2008, 66, 23-39.

[CrossRef] [PubMed]

2. U.S. Department of Agriculture; U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020-2025.
Available online: https://www.dietaryguidelines.gov/ (accessed on 27 June 2021).

@

Chinese Nutrition Society. Chinese Dietary Guideline 2016, 1st ed.; People’s Medical Publishing House: Beijing, China, 2016.

4. Austialian Government. Australian Dietary Guidelines. Available online: https://www.eatforhealth.gov.au/guidelines/
australian-dietary-guidelines-1-5 (accessed on 27 June 2021).
5. Talaei, M,; Pan, A.; Yuan, ].M.; Koh, W.P. Dairy Intake and Risk of Type 2 Diabetes. Clin. Nutr. 2018, 37, 712-718. [CrossRef]

[PubMed]


https://www.mdpi.com/article/10.3390/nu14020292/s1
clinicaltrials.gov
https://www.cpc.unc.edu/projects/china
http://doi.org/10.1111/j.1753-4887.2007.00003.x
http://www.ncbi.nlm.nih.gov/pubmed/18254882
https://www.dietaryguidelines.gov/
https://www.eatforhealth.gov.au/guidelines/australian-dietary-guidelines-1-5
https://www.eatforhealth.gov.au/guidelines/australian-dietary-guidelines-1-5
http://doi.org/10.1016/j.clnu.2017.02.022
http://www.ncbi.nlm.nih.gov/pubmed/28318689

Nutrients 2022, 14,292 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

Wang, C.; Yatsuya, H.; Lin, Y.; Sasakabe, T.; Kawai, S.; Kikuchi, S.; Iso, H.; Tamakoshi, A. Milk Intake and Stroke Mortality in the
Japan Collaborative Cohort Study-a Bayesian Survival Analysis. Nutrients 2020, 12, 2743. [CrossRef]

Farvid, M.S.; Malekshah, A.F.; Pourshams, A.; Poustchi, H.; Sepanlou, S.G.; Sharafkhah, M.; Khoshnia, M.; Farvid, M.; Abnet,
C.C.; Kamangar, F; et al. Dairy Food Intake and All-Cause, Cardiovascular Disease, and Cancer Mortality: The Golestan Cohort
Study. Am. J. Epidemiol. 2017, 185, 697-711. [CrossRef] [PubMed]

Um, C.Y;; Judd, S.E.; Flanders, W.D.; Fedirko, V.; Bostick, R.M. Associations of Calcium and Dairy Products with All-Cause and
Cause-Specific Mortality in the Reasons for Geographic and Racial Differences in Stroke (Regards) Prospective Cohort Study.
Nutr. Cancer 2017, 69, 1185-1195. [CrossRef] [PubMed]

Mullie, P,; Pizot, C.; Autier, P. Daily Milk Consumption and All-Cause Mortality, Coronary Heart Disease and Stroke: A Systematic
Review and Meta-Analysis of Observational Cohort Studies. BMC Public Health 2016, 16, 1236. [CrossRef] [PubMed]

Rice, B.H. Dairy and Cardiovascular Disease: A Review of Recent Observational Research. Curr. Nutr. Rep. 2014, 3, 130-138.
[CrossRef] [PubMed]

Lu, W,; Chen, H.; Niu, Y.,; Wu, H.; Xia, D.; Wu, Y. Dairy Products Intake and Cancer Mortality Risk: A Meta-Analysis of
11 Population-Based Cohort Studies. Nutr. J. 2016, 15, 91. [CrossRef] [PubMed]

Um, C.Y,; Prizment, A.; Hong, C.P; Lazovich, D.; Bostick, R.M. Associations of Calcium and Dairy Product Intakes with All-Cause,
All-Cancer, Colorectal Cancer and Chd Mortality among Older Women in the lowa Women’s Health Study. Br. J. Nutr. 2019,
121, 1188-1200. [CrossRef]

Goldbohm, R.A.; Chorus, A.M.; Garre, EG.; Schouten, L.J.; van den Brandt, P.A. Dairy Consumption and 10-Y Total and
Cardiovascular Mortality: A Prospective Cohort Study in the Netherlands. Am. J. Clin. Nutr. 2011, 93, 615-627. [CrossRef]

Van Aerde, M.A.; Soedamah-Muthu, S.S.; Geleijnse, ].M.; Snijder, M.B.; Nijpels, G.; Stehouwer, C.D.; Dekker, ].M. Dairy Intake
in Relation to Cardiovascular Disease Mortality and All-Cause Mortality: The Hoorn Study. Eur. J. Nutr. 2013, 52, 609-616.
[CrossRef]

Michaelsson, K.; Wolk, A.; Langenskiold, S.; Basu, S.; Lemming, E.W.; Melhus, H.; Byberg, L. Milk Intake and Risk of Mortality
and Fractures in Women and Men: Cohort Studies. BM] 2014, 349, g6015. [CrossRef]

Willett, W.C.; Ludwig, D.S. Milk and Health. N. Engl. ]. Med. 2020, 382, 644-654. [CrossRef]

Dehghan, M.; Mente, A.; Rangarajan, S.; Sheridan, P.; Mohan, V.; Igbal, R.; Gupta, R.; Lear, S.; Wentzel-Viljoen, E.; Avezum,
A.; et al. Association of Dairy Intake with Cardiovascular Disease and Mortality in 21 Countries from Five Continents (Pure):
A Prospective Cohort Study. Lancet 2018, 392, 2288-2297. [CrossRef]

Wang, Y; Jia, X.; Du, W.; Wang, Z.; Wang, H.; Zhang, B. Dairy Consumption Characteristics among Chinese Adult Residents from
1989 to 2011. Wei Sheng Yan Jiu |. Hyg. Res. 2017, 46, 409—433.

He, Y.; Yang, X; Xia, J.; Zhao, L.; Yang, Y. Consumption of Meat and Dairy Products in China: A Review. Proc. Nutr. Soc. 2016,
75,385-391. [CrossRef]

Chinese Nutrition Society. Chinese Dietary Reference Intakes, 1st ed.; Sciences Press: Beijing, China, 2013.

Wang, X.J.; Jiang, C.Q.; Zhang, W.S.; Zhu, E; Jin, Y.L.; Woo, J.; Cheng, K.K.; Lam, T.H.; Xu, L. Milk Consumption and Risk of
Mortality from All-Cause, Cardiovascular Disease and Cancer in Older People. Clin. Nutr. 2020, 39, 3442-3451. [CrossRef]
Wang, X.Y,; Liu, EC.; Yang, X.L.; Li, ].X;; Cao, J.; Lu, X.F; Huang, J.F; Li, Y.; Chen, J.C.; Zhao, L.C,; et al. Association of
Cardiovascular Diseases with Milk Intake among General Chinese Adults. Chin. Med. ]. 2020, 133, 1144-1154. [CrossRef]

Na, X.; Zhu, Z.; Chen, Y.; He, H.; Zhou, G.; Zhou, J.; Zhang, T.; Zhuang, G.; Liu, A. Leisure-Time Physical Activity and Milk Intake
Synergistically Reduce the Risk of Pathoglycemia: A Cross-Sectional Study in Adults in Beijing, China. Asia Pac. |. Clin. Nutr.
2020, 29, 183-191.

University of North Carolina; Chinese Center for Disease Control and Prevention. China Health and Nutrition Survey. Available
online: https://www.cpc.unc.edu/projects/china (accessed on 27 June 2021).

Popkin, B.M.; Du, S.; Zhai, F.; Zhang, B. Cohort Profile: The China Health and Nutrition Survey—Monitoring and Understanding
Socio-Economic and Health Change in China, 1989-2011. Int. |. Epidemiol. 2010, 39, 1435-1440. [CrossRef]

Yang, Y.X.; Wang, G.Y.; Pan, X.C. China Food Composition; Peking University Medical Press: Beijing, China, 2002; p. 329.

Ershow, A.G.; Wong-Chen, K. Chinese Food Composition Tables an Annotated Translation of the 1981 Edition Published by
the Institute of Nutrition and Food Hygiene, Chinese Academy of Preventive Medicine, Beijing. J. Food Compos. Anal. 1990,
3, 191-434. [CrossRef]

Chen, C.; Lu, EC. The Guidelines for Prevention and Control of Overweight and Obesity in Chinese Adults. Biomed. Environ. Sci.
2004, 17, 1-36. [PubMed]

Kurth, T.; Walker, A.M.; Glynn, R.J.; Chan, K.; Gaziano, ].M.; Berger, K.; Robins, ].M. Results of Multivariable Logistic Regres-
sion, Propensity Matching, Propensity Adjustment, and Propensity-Based Weighting under Conditions of Nonuniform Effect.
Am. ]. Epidemiol. 2006, 163, 262-270. [CrossRef] [PubMed]

Haug, A.; Hestmark, A.T.; Harstad, O.M. Bovine Milk in Human Nutrition—A Review. Lipids Health Dis. 2007, 6, 25. [CrossRef]
Fulgoni, V.L,, IIL; Keast, D.R.; Auestad, N.; Quann, E.E. Nutrients from Dairy Foods Are Difficult to Replace in Diets of Americans:
Food Pattern Modeling and an Analyses of the National Health and Nutrition Examination Survey 2003-2006. Nutr. Res. 2011,
31, 759-765. [CrossRef] [PubMed]

Dougkas, A.; Minihane, A.M.; Givens, D.L; Reynolds, C.K.; Yaqoob, P. Differential Effects of Dairy Snacks on Appetite, but Not
Overall Energy Intake. Br. . Nutr. 2012, 108, 2274-2285. [CrossRef]


http://doi.org/10.3390/nu12092743
http://doi.org/10.1093/aje/kww139
http://www.ncbi.nlm.nih.gov/pubmed/28369205
http://doi.org/10.1080/01635581.2017.1367946
http://www.ncbi.nlm.nih.gov/pubmed/29125314
http://doi.org/10.1186/s12889-016-3889-9
http://www.ncbi.nlm.nih.gov/pubmed/27927192
http://doi.org/10.1007/s13668-014-0076-4
http://www.ncbi.nlm.nih.gov/pubmed/24818071
http://doi.org/10.1186/s12937-016-0210-9
http://www.ncbi.nlm.nih.gov/pubmed/27765039
http://doi.org/10.1017/S000711451900045X
http://doi.org/10.3945/ajcn.110.000430
http://doi.org/10.1007/s00394-012-0363-z
http://doi.org/10.1136/bmj.g6015
http://doi.org/10.1056/NEJMra1903547
http://doi.org/10.1016/S0140-6736(18)31812-9
http://doi.org/10.1017/S0029665116000641
http://doi.org/10.1016/j.clnu.2020.03.003
http://doi.org/10.1097/CM9.0000000000000786
https://www.cpc.unc.edu/projects/china
http://doi.org/10.1093/ije/dyp322
http://doi.org/10.1016/0889-1575(90)90026-I
http://www.ncbi.nlm.nih.gov/pubmed/15807475
http://doi.org/10.1093/aje/kwj047
http://www.ncbi.nlm.nih.gov/pubmed/16371515
http://doi.org/10.1186/1476-511X-6-25
http://doi.org/10.1016/j.nutres.2011.09.017
http://www.ncbi.nlm.nih.gov/pubmed/22074800
http://doi.org/10.1017/S0007114512000323

Nutrients 2022, 14,292 13 of 14

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Bendtsen, L.Q.; Blaedel, T.; Holm, J.B.; Lorenzen, J.K.; Mark, A.B.; Kiilerich, P.; Kristiansen, K.; Astrup, A.; Larsen, L.H. High
Intake of Dairy During Energy Restriction Does Not Affect Energy Balance or the Intestinal Microflora Compared with Low
Dairy Intake in Overweight Individuals in a Randomized Controlled Trial. Appl. Physiol. Nutr. Metab. 2018, 43, 1-10. [CrossRef]
[PubMed]

Zemel, M.B.; Donnelly, ].E.; Smith, B.K.; Sullivan, D.K,; Richards, J.; Morgan-Hanusa, D.; Mayo, M.S.; Sun, X.; Cook-Wiens, G.;
Bailey, B.W.; et al. Effects of Dairy Intake on Weight Maintenance. Nutr. Metab. 2008, 5, 28. [CrossRef] [PubMed]

Polzonetti, V.; Pucciarelli, S.; Vincenzetti, S.; Polidori, P. Dietary Intake of Vitamin D from Dairy Products Reduces the Risk of
Osteoporosis. Nutrients 2020, 12, 1743. [CrossRef] [PubMed]

Park, S.J.; Jung, J.H.; Kim, M.S.; Lee, H.]. High Dairy Products Intake Reduces Osteoporosis Risk in Korean Postmenopausal
Women: A 4 Year Follow-up Study. Nutr. Res. Pract. 2018, 12, 436—442. [CrossRef] [PubMed]

Eelderink, C.; Rietsema, S.; van Vliet, LM.Y.; Loef, L.C.; Boer, T.; Koehorst, M.; Nolte, LM.; Westerhuis, R.; Singh-Povel, C.M.;
Geurts, M.W,; et al. The Effect of High Compared with Low Dairy Consumption on Glucose Metabolism, Insulin Sensitivity, and
Metabolic Flexibility in Overweight Adults: A Randomized Crossover Trial. Am. J. Clin. Nutr. 2019, 109, 1555-1568. [CrossRef]
[PubMed]

Agriculture and Horticulture Development Board. Change in Uk Consumer Preferences Show Need for More Cheese. Available
online: https://ahdb.org.uk/news/change-in-UK-consumer-preferences-for-more-cheese (accessed on 2 July 2021).

Ding, M.; Li, J.; Qi, L.; Ellervik, C.; Zhang, X.; Manson, J.E.; Stampfer, M.; Chavarro, ].E.; Rexrode, K.M.; Kraft, P; et al. Associations
of Dairy Intake with Risk of Mortality in Women and Men: Three Prospective Cohort Studies. BMJ 2019, 367, 16204. [CrossRef]
[PubMed]

Downer, M.K,; Batista, J.L.; Mucci, L.A.; Stampfer, M.].; Epstein, M.M.; Hakansson, N.; Wolk, A.; Johansson, J.E.; Andrén, O.; Fall,
K.; et al. Dairy Intake in Relation to Prostate Cancer Survival. Int. |. Cancer 2017, 140, 2060-2069. [CrossRef]

Dong, ].Y.; Zhang, L.; He, K.; Qin, L.Q. Dairy Consumption and Risk of Breast Cancer: A Meta-Analysis of Prospective Cohort
Studies. Breast Cancer Res. Treat. 2011, 127, 23-31. [CrossRef] [PubMed]

Aune, D.; Rosenblatt, D.A.N.; Chan, D.S.; Vieira, A.R.; Vieira, R.; Greenwood, D.C.; Vatten, L.].; Norat, T. Dairy Products, Calcium,
and Prostate Cancer Risk: A Systematic Review and Meta-Analysis of Cohort Studies. Am. |. Clin. Nutr. 2015, 101, 87-117.
[CrossRef]

Bermejo, L.M.; Lopez-Plaza, B.; Santurino, C.; Cavero-Redondo, I.; Gémez-Candela, C. Milk and Dairy Product Consumption
and Bladder Cancer Risk: A Systematic Review and Meta-Analysis of Observational Studies. Adv. Nutr. 2019, 10, S224-5238.
[CrossRef]

Harrison, S.; Lennon, R.; Holly, ].; Higgins, J.; Gardner, M.; Perks, C.; Gaunt, T.; Tan, V.; Borwick, C.; Emmet, P.; et al. Does Milk
Intake Promote Prostate Cancer Initiation or Progression Via Effects on Insulin-Like Growth Factors (Igfs)? A Systematic Review
and Meta-Analysis. Cancer Causes Control. 2017, 28, 497-528. [CrossRef]

Nakanishi, A.; Homma, E.; Osaki, T.; Sho, R.; Souri, M.; Sato, H.; Watanabe, M.; Ishizawa, K.; Ueno, Y.; Kayama, T.; et al.
Association between Milk and Yogurt Intake and Mortality: A Community-Based Cohort Study (Yamagata Study). BMC Nutr.
2021, 7, 1-7. [CrossRef]

Wang, C.; Yatsuya, H.; Tamakoshi, K.; Iso, H.; Tamakoshi, A. Milk Drinking and Mortality: Findings from the Japan Collaborative
Cohort Study. J. Epidemiol. 2015, 25, 66-73. [CrossRef]

Park, S.-J.; Park, J.; Song, H.J.; Lee, C.-H.; Lee, H.-]. Association between Dairy Product Intake and Hypertriglyceridemia in
Korean Adults. Nutr. Res. Pract. 2020, 14, 152. [CrossRef]

Shin, WK.; Lee, H.W.,; Shin, A.; Lee, ] K.; Kang, D. Milk Consumption Decreases Risk for Breast Cancer in Korean Women under
50 Years of Age: Results from the Health Examinees Study. Nutrients 2019, 12, 32. [CrossRef]

Bian, S.; Hu, J.; Zhang, K.; Wang, Y.; Yu, M.; Ma, J. Dairy Product Consumption and Risk of Hip Fracture: A Systematic Review
and Meta-Analysis. BMC Public Health 2018, 18, 165. [CrossRef]

Saito, A.; Okada, E.; Tarui, I.; Matsumoto, M.; Takimoto, H. The Association between Milk and Dairy Products Consumption and
Nutrient Intake Adequacy among Japanese Adults: Analysis of the 2016 National Health and Nutrition Survey. Nutrients 2019,
11, 2361. [CrossRef]

Tsugane, S. Why Has Japan Become the World’s Most Long-Lived Country: Insights from a Food and Nutrition Perspective.
Eur. . Clin. Nutr. 2020, 75,921-928. [CrossRef]

Zhang, J.; Zhao, A.; Wu, W.; Ren, Z.; Yang, C.; Wang, P.; Zhang, Y. Beneficial Effect of Dietary Diversity on the Risk of Disability in
Activities of Daily Living in Adults: A Prospective Cohort Study. Nutrients 2020, 12, 3263. [CrossRef]

Yin, Z.; Fei, Z.; Qiu, C.; Brasher, M.S,; Kraus, V.B.; Zhao, W.; Shi, X; Zeng, Y. Dietary Diversity and Cognitive Function among
Elderly People: A Population-Based Study. J. Nutr. Health Aging 2017, 21, 1089-1094. [CrossRef] [PubMed]

Zhang, J.; Liang, D.; Zhao, A. Dietary Diversity and the Risk of Fracture in Adults: A Prospective Study. Nutrients 2020, 12, 3655.
[CrossRef]

Zhang, J.; Zhao, A.; Wu, W,; Yang, C.; Ren, Z.; Wang, M.; Wang, P.; Zhang, Y. Dietary Diversity Is Associated with Memory Status
in Chinese Adults: A Prospective Study. Front. Aging Neurosci. 2020, 21, 580760. [CrossRef] [PubMed]

Leosdottir, M.; Nilsson, P; Nilsson, J.A.; Médnsson, H.; Berglund, G. The Association between Total Energy Intake and Early
Mortality: Data from the Malmo Diet and Cancer Study. J. Intern. Med. 2004, 256, 499-509. [CrossRef]


http://doi.org/10.1139/apnm-2017-0234
http://www.ncbi.nlm.nih.gov/pubmed/28829923
http://doi.org/10.1186/1743-7075-5-28
http://www.ncbi.nlm.nih.gov/pubmed/18950508
http://doi.org/10.3390/nu12061743
http://www.ncbi.nlm.nih.gov/pubmed/32532150
http://doi.org/10.4162/nrp.2018.12.5.436
http://www.ncbi.nlm.nih.gov/pubmed/30323911
http://doi.org/10.1093/ajcn/nqz017
http://www.ncbi.nlm.nih.gov/pubmed/30997492
https://ahdb.org.uk/news/change-in-UK-consumer-preferences-for-more-cheese
http://doi.org/10.1136/bmj.l6204
http://www.ncbi.nlm.nih.gov/pubmed/31776125
http://doi.org/10.1002/ijc.30642
http://doi.org/10.1007/s10549-011-1467-5
http://www.ncbi.nlm.nih.gov/pubmed/21442197
http://doi.org/10.3945/ajcn.113.067157
http://doi.org/10.1093/advances/nmy119
http://doi.org/10.1007/s10552-017-0883-1
http://doi.org/10.1186/s40795-021-00435-1
http://doi.org/10.2188/jea.JE20140081
http://doi.org/10.4162/nrp.2020.14.2.152
http://doi.org/10.3390/nu12010032
http://doi.org/10.1186/s12889-018-5041-5
http://doi.org/10.3390/nu11102361
http://doi.org/10.1038/s41430-020-0677-5
http://doi.org/10.3390/nu12113263
http://doi.org/10.1007/s12603-017-0912-5
http://www.ncbi.nlm.nih.gov/pubmed/29188865
http://doi.org/10.3390/nu12123655
http://doi.org/10.3389/fnagi.2020.580760
http://www.ncbi.nlm.nih.gov/pubmed/33117146
http://doi.org/10.1111/j.1365-2796.2004.01407.x

Nutrients 2022, 14,292 14 of 14

57. Zhu, Z,; Yang, X.; Fang, Y.; Zhang, ].; Yang, Z.; Wang, Z.; Liu, A.; He, L.; Sun, J.; Lian, Y,; et al. Trends and Disparities of Energy
Intake and Macronutrient Composition in China: A Series of National Surveys, 1982-2012. Nutrients 2020, 12, 2168. [CrossRef]
[PubMed]

58. Todd, J.E. Changes in Consumption of Food Away from Home and Intakes of Energy and Other Nutrients among Us Working-Age
Adults, 2005-2014. Public Health Nutr. 2017, 20, 3238-3246. [CrossRef]

59. Yun,S.; Kim, H]J.; Oh, K. Trends in Energy Intake among Korean Adults, 1998-2015: Results from the Korea National Health and
Nutrition Examination Survey. Nutr. Res. Pract. 2017, 11, 147. [CrossRef]


http://doi.org/10.3390/nu12082168
http://www.ncbi.nlm.nih.gov/pubmed/32707793
http://doi.org/10.1017/S1368980017002403
http://doi.org/10.4162/nrp.2017.11.2.147

	Introduction 
	Materials and Methods 
	Study Population 
	Data Collection 
	Assessment of Outcome 
	Definition of Covariates 
	Statistical Analyses 

	Results 
	Sociodemographic Characteristics of Participants 
	Dietary Intake Characteristics of Participants 
	Association between Milk Intake and All-Cause Mortality 
	Overall Population 
	Stratified Analyses 

	Nonlinear Relationship between Milk Intake and All-Cause Mortality 
	Sensitivity Analyses 

	Discussion 
	Insufficient Intake of Milk among Chinese Adults 
	Role of Milk in Health 
	Association between Milk and All-Cause Mortality for Different Dietary Qualities 
	Limitations 

	Conclusions 
	References

