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Abstract

Background Research on dairy consumption in China is lacking, however, some evidence has demonstrated
significant changes in recent years, with a reported increase in the overall consumption of dairy products. To fully
understand these changes, a systematic review was conducted to examine reported dairy intakes and differences
between dairy consumption in different population groups in China. Methods: Web of Science, Embase, and Pub-
Med databases were searched for studies published from January 2000 to September 2022. The China National
Knowledge Infrastructure (CNKI) was used to retrieve papers available in Chinese. Papers reporting dietary intakes

of dairy consumption across age, sex, and geographical location sub-groups were considered for inclusion in this
review. In addition, this review includes the consumption of different types of dairy foods and changes in dairy

intake over time. Results: Forty-seven papers were included in the present study. Twelve papers examined dairy
consumption across age groups, showing that middle-aged adults tend to consume less dairy than other age groups.
Studies comparing across location-specific cohorts reported dairy intakes among urban populations were higher
than rural, as well as being higher than the national average. Coastal, Northern and Eastern residents consumed

more dairy products than those living in other regions of China, and people in larger cities had higher reported
intakes than smaller cities. Milk was the primary dairy product reportedly consumed by Chinese population, followed
by yogurt. Concerning sex, evidence showed that females generally reported a greater daily dairy intake than males.
Conclusions: This review shows that, in China, several different population groups displayed significant differences

in the amount and type of dairy consumed. When considering the incorporation of dairy products into healthy eating
guidelines or positioning specific dairy products on the market, it is important to consider the differences and varia-
tions in consumption patterns within population groups.
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Introduction

Dairy foods such as milk, cheese and yogurt are rec-
ognized as important sources of beneficial nutrients,
including vitamins D, B5 [1] and B12 [1, 2], and miner-
als such as calcium [3], phosphorus, and potassium [1].
Many health benefits of dairy products are acknowledged
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conducted in the USA, found that each additional serv-
ing of yogurt (227 g) was associated with a 6% reduced
risk of incident HTN [8]. Similarly, in a large epidemio-
logical study of Chinese adults, a significant association
between a higher frequency of dairy consumption and
reduced HTN was noted [9]. Higher intake of dairy was
also reported to be associated with lower blood pressure
levels in a sample of Chinese young women [10]. In addi-
tion, a study in China found that regular dairy consump-
tion (>4 days/week) was associated with a lower risk of
ischemic heart disease (IHD) in males [11]. Evidence has
also shown that consumption of dairy may offer protec-
tion against risk of other diseases such as metabolic syn-
drome [12, 13], cardiovascular disease (CVD) [14—16],
stroke [17], obesity [13, 18, 19], type 2 diabetes [20] and
colorectal cancer [21]. However, although dairy products
contain numerous beneficial nutrients, and their con-
sumption may have a positive impact on health, there are
still some concerns regarding the consumption of some
dairy foods. Much of this concern is related to the satu-
rated fatty acid (SFA) content, present in dairy products
[22], known to be related to the risk of coronary heart
disease (CHD) [23].

Recommendations concerning dairy consumption
are given in many national nutrition and healthy eat-
ing guidelines [24—27]. In Ireland, as an example, the
recommendation is 3 servings each day from the food
group “milk, yoghurt and cheese” [24]. In the US, 3 daily
servings of dairy products are recommended for US
adults [25]. However, in Asian countries, recommen-
dations for the consumption of dairy are lower than in
western countries [28—30]. In China, a variety of dairy
products, equivalent to 300ml of liquid milk per day, are
recommended in the 2022 Chinese Dietary Guidelines
CDGs [30].

Dietary patterns in China are known to differ quite
significantly from those reported in other global regions
including Europe and the US [31-35]. Traditional Chi-
nese dietary patterns are represented by ‘Rice, veg-
etables, and meat, while the ‘modern’ Chinese dietary
pattern is represented by ‘fast food, milk and deep-fried
food’ [34]. Similar differences are seen within the US,
where two major dietary patterns has been identified
from national surveys, one was ‘nonwhole grain, white
potatoes, cheese, meat, discretionary oil and fat, and
added sugar, and another one was ‘whole grains, vegeta-
ble, fruits, fish, nuts and seeds’ [35]. Researchers in the
US also compared Chinese dietary intakes to American
diets, reporting that the Chinese diet had a lower daily
intake of fiber, vitamins and some micronutrients than
the American diet [33]. In China, whilst dairy products
have been available and intakes of dairy have been ris-
ing in the past decades dairy consumption remains low
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compared to the recommended dietary guidelines for
Chinese [36, 37]. This low consumption is attributed
to several factors, such as lack of refrigeration, limited
supply and high prices and a traditional plant-based
diet [38, 39]. As a result of low intakes, in one study,
dairy foods were found to contribute only 4.3% of cal-
cium intake, with “vegetable, bean and bean products”
as the main source of calcium [40]. This was relatively
low compared to other countries. For instance, in Ire-
land, dairy contribute 38.8% of calcium to the total diet
[41]. And in Poland, the contribution from dairy to total
calcium intake was 54.7% in the average Polish diet [42].
However, another survey, conducted among an elderly
cohort in Beijing, found that dairy products were the
main contributor to calcium, contributing 34.5% among
older adults aged 60 years and over [43], indicating that
whilst overall consumption is low, considerable variance
exists within the population.

In recent decades, the dairy industry in China has
grown steadily, prompted by economic factors includ-
ing the growth in household income, consumer pref-
erences and the provision of financial support from
the government [44]. However, due to existing eat-
ing habits, consumer preferences, and other historical
factors such as traditional agricultural practices and
dietary practices in different regions in China, varia-
tions in the consumption of dairy products exist in dif-
ferent sub-groups e.g. gender, location groups, which
has been reported in several studies to date [45-48].
Understanding the variations in consumption may help
to elucidate factors influencing intake, and support
the development of strategies to increase consump-
tion among specific population groups, in accordance
with dietary recommendations [49, 50]. For instance, in
the US, food based recommendations have been devel-
oped for various age and gender groups providing food
choices that will help the population group to meet
nutritional recommendations [50].

The purpose of this paper was to systematically review
existing literature reporting dairy consumption among
the Chinese population, living in mainland China. The
objectives of the study were to summarise the available
literature providing information on dairy intakes in the
Chinese population, to examine the differences in the
consumption of dairy across different population sub-
groups and to further identify the factors which contrib-
ute to the differences in consumption.

Methods

The present systematic review was carried out following
the updated Preferred Reporting Items for Systematic
Review and Meta-analysis (PRISMA 2020) guidelines
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[51]. The protocol of this review was previously regis-
tered on PROSPERO (International Prospective Reg-
ister of Systematic Reviews) (registration number:
CRD42021285208).

Search strategy

Within this review, the term ‘dairy product’ is defined as
milk, yogurt, milk powder, cheese, butter, cream or ice
cream. The search strategy of this review followed the
PICO framework, focusing on the differences in dairy
consumption among different ages, geographic location
sub-groups, sex groups among Chinese adults in main-
land China, as well as the difference in consumption
of the different types of dairy products and the overall
changes in dairy consumption over time. The following
search terms were used: Dairy OR Milk OR Cheese OR
Yogurt OR Yoghurt OR Yoghourt OR Butter OR Cream
OR Milk powder OR Food AND Intake OR Consumption
OR Market OR Diet OR Dietary AND China OR Chi-
nese OR Asian. The search was limited to studies carried
out in human adults (>18 years), written in English or
Chinese languages. A manual search of references from
included studies was also conducted. We used Google
Scholar to retrieve papers where applicable. The China
National Knowledge Infrastructure (CNKI) was also
used to retrieve papers when the full-text papers were
only available in Chinese. Two authors (S.Y. and N.B.)
independently performed the literature search in Web
of Science, Embase, and PubMed databases for papers
published between January, 2000 and October, 2021. To
ensure a focus on the most recent research regarding
dairy consumption status, papers published before the
year 2000 were not searched. An updated search of all
the datasets was completed by one researcher (S.Y.) on 06
September 2022.

Study screening and eligibility criteria

Published papers examining dairy intake by considering
mean intake, median intake, frequency of consumption,
and/or percentage of Chinese adult consumers living in
mainland China were included. Study designs that were
considered in this review included but not limited to
dietary intake assessment study, intervention study but
reporting dairy intake of control group at baseline, and
consumer behaviour papers that reported findings of
dairy intakes. Papers reporting the findings related to
comparison of dairy consumption across age, sex, and
geographical location sub-groups, different types of dairy
products, and different years were included in the analy-
sis in the present review. Papers were excluded if the orig-
inal study was conducted in Chinese group living in other
countries except for China. Papers were excluded if there
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were only children and/or teenagers involved in the study.
Papers that assessed intake of human milk only were
excluded. Papers reporting intakes of dairy food groups
but including irrelevant food such as egg were excluded.
Papers, involving intervention studies but did not report
dairy intake data of participants in general good health in
control group at the baseline, were excluded. For papers
that reported data for those aged<18 and >18 vyears,
only data from those over 18 years were considered in
the analysis of this review where applicable. Two authors
(S.Y. and N.B.) independently screened papers for eligi-
bility firstly based on titles, then abstracts and finally full
texts based on the predefined inclusion and exclusion
criteria. In the case of disagreement, a third researcher
(E.R.G.) was involved, and consensus on inclusion or
exclusion was reached after discussion.

Data extraction and quality assessment

Papers included in the present review reported dairy
consumption in varies ways. The following information
were extracted by one author (S.Y.) firstly from the all the
papers reporting dairy intakes: study characteristics (first
author, publication year, sample size, study location, year
of data collection, dietary assessment method); popu-
lation demographic characteristics (age, sex); type of
reported dairy food (total and / or individual food prod-
ucts if reported). For the studies using data from national
survey (i.e. China Health and Nutrition Survey) without
specifying study location, the survey location informa-
tion was searched and taken from the survey website
[52] or presented as national according to the dataset
used in papers. Dietary assessment method for those
papers missing relative information were taken from sur-
vey website [11] or other papers which used same survey
dataset and provided more detailed information. Follow-
ing, studies where they reported findings of intake dif-
ferences between age groups were summarized together.
Age groups in each study included in the present review
were further specified and presented for the compari-
son within and between studies. Population size, and
age details of total population and groups were displayed
where applicable. Similarly, information of geographi-
cal location sub-groups, sex groups and consumption
of different types of dairy products were extracted and
summarized for comparison, and the changes of dairy
consumption over time were also compared and pre-
sented. Basic calculation, such as counting the percent-
age of consumer based on the number given in papers,
was conducted in this review for easier presenting and
comparing of findings. Depending on the methods and
analysis operated in published papers, the dairy intakes
were reported in percentage of consumers, frequency of
intake, mean/median intakes (g/d, kg/y, ml/d), range of
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intakes or descriptive sentences without statistical results
in the key findings. The intake presented in this review
was absolute amount of intake, not energy-adjusted. If
more than one papers used data from the same study or
dataset, data from the publication with the greatest detail
of information were presented in this review. During
the data collection, two authors (E.R.G. and E.L.F.) were
involved when a paper needed to be discussed.

To assess risk of bias, the quality of the studies included
in this review was examined. S.Y. performed the quality
assessment. Given the various of study methods in those
studies, the Critical Appraisal Skills Programme (CASP)
checklist for Cohort Studies [53] was applied. The CASP
checklist for Cohort Studies consists of several domains
that evaluate key aspects of cohort study design, includ-
ing the clarity of the research question, cohort selection,
measurement of variables, consideration of confounding
factors, follow-up periods, statistical analysis, and qual-
ity of results. 12 questions in the cohort study checklist
was used. Two of the questions was scored up to 2 points.
Total of 14 points was given if a study met all the criteria.

Results

Literature search results and study characteristics

A total of 10,685 papers were searched from three data-
bases after removing duplicates. Studies identified were
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screened based on titles and abstracts, and finally full
texts of 375 papers including the 54 papers which were
identified from the reference lists were assessed accord-
ing to the inclusion and exclusion criteria. Ultimately, 47
papers were included in the present study. Full details of
the search are outlined in Fig. 1.

Full characteristics of the papers and CASP scores
from quality assessment are shown in Table 1. Within the
included papers, 24 papers reported findings on total dairy
consumption. 16 papers investigated milk only. The remain-
ing 7 papers investigated sub-groups of dairy products.
Dairy intake data from 21 papers were draw from several
national surveys conducted in China [46, 47, 54—72]. Within
papers that reported the number of participants, sam-
ple sizes ranged from 117 to over 90,000. With respect to
reported dietary intake assessment methodology, 24-hour
dietary recalls [46, 47, 54—65, 67-70, 73-76], Food Fre-
quency Questionnaires [71, 72, 77—-88], Questionnaires or
in-person interview [38, 45, 72, 89-92], and Internet-based
dietary questionnaire for Chinese (IDQC) [93-95] were
used in the data collection in reported studies to assess
overall diet.

Dairy consumption in different age groups
Of the 47 studies included in the final review, 12 reported
dairy consumption across different age groups [45-47,
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Fig. 1 PRISMA flow diagram
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55, 62-65, 69, 73, 79, 89] (Table 2). In three studies, dairy
consumption in those aged or average age over 60 were
compared with other age cohorts [45, 46, 73]. Four stud-
ies focused on older cohorts aged over 50, with one
reporting the differences in dairy intakes in those aged
50-70 [79], one that compared individuals aged 60-79
and 80 over [62], and three that compared ages 60—69
and 70 over [55, 65, 69]. One didn't compare intakes
between age groups but reported and compare the
median age at low, high and non-consumer groups [64].
The other remaining studies included dairy consumption
of working-age adults (20-59 years) [47], (18—59 years)
[63], while one study used just 3 age groups to cover all
ages (<30, 30-50 and > 50) [89].

Of the three studies that compared dairy consump-
tion in population groups aged under and over 60 years,
two of these studies showed that people aged over 60
years reported consuming higher amounts [45], while
had lower frequency of milk intake [46], compared to
other age groups. Ba et al. [73] found that older adults
had higher intakes of milk than younger adults with daily
intakes reported in older adults (> 60 years) of 163.4 g/d,
which was significantly greater than intakes reported in
those aged 18—44 years and 45-59 years, with reported
milk intakes of 75.8 and 96.6 g/d, respectively.

Focusing on people aged over 50 years, dairy consump-
tion was reported in four studies. Xu et al. [55] reported
that the median dairy intakes in males aged 60—69 years
who consumed dairy in 2009 was 200 g/d, while the num-
ber in males aged 70 years and over was only 162 g/d.
Likewise, Zong et al. [79] found that, within the age group
50-70 years, participants with higher intakes of dairy
products were more likely to be of a younger age. In addi-
tion, Liu et al. [69] and Wang et al. [65] both found that
people aged 70 years and over had significantly higher
dairy intakes than those aged 60—69 years (P<0.001 and
P<0.05 separately), with average intakes in these two age
groups of 39.57 and 28.49 g/d, respectively. Similarly,
Huang et al. [62] compared differences in dairy consump-
tion between the age groups 60—79 years and 80 years
and over, reporting that people aged over 80 years con-
sumed significantly more dairy. One of the largest stud-
ies, Tian et al. [47] assessed dietary intake in residents
from 12 cities and provinces in 2004, 2006, 2009 and
2011, and analysed intakes across two age groups (20—39
years, 40—59 years). Within this study, those aged 40-59
years reported higher mean daily dairy intakes than those
aged 20-39 years, with intakes of 14.2 + 55.8 g/d and 13.0
+ 47.1 g/d in each age group, respectively. However, this
difference was not significant (P>0.05). Similarly, results
from the survey of Bai et al. [89], conducted in Qingdao
city in 2005, showed that the people aged over 50 years
consumed more milk than other age groups. However,
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these differences were not statistically tested, and only
reported descriptively. Additionally, Wang et al. [63]
analysed the national dairy consumption data from 1989
to 2011, finding that dairy consumers aged 40-59 years
had higher average dairy intakes than adults aged 18-39
years in most of the years except in 1989, 1997 and 2011.
Although, this difference was not significant (P> 0.05).

Dairy consumption in different geographical location
groups

Of the 13 studies reporting on dairy consumption across
location-specific cohorts comparing people living in dif-
ferent cities or provinces, two papers focused on dairy
consumption in individual cities [38, 45], and eleven
papers reported on dairy consumption in different regions
of China classified by urban, rural; North, South, costal,
inland; East, West, central; the size of city or economic
status of rural area [46, 47, 56, 63—-65, 67, 68, 71, 72, 79].
Table 3 summarises the characteristics and key findings of
these papers.

Nine of the 11 papers examined dairy consumption
between urban and rural areas, and reported higher
intakes of dairy products in urban populations compared
to those living in rural areas [47, 56, 63-65, 67, 68, 72, 79].
For example, Tian et al. [47] examined milk intakes from
12 cities or provinces in 2004, 2006, 2009, 2011 in China,
and reported a greater mean intake of 30.9 g/d in urban
populations, compared to only 5.1 g/d in rural residents.
Zhang et al. [68] reported lower mean daily dairy intakes
in a rural area in 2002 of 11.4 g/d, compared to 65.8 g/d in
urban residents in the same study.

Wang et al. examined differences in reported dairy
intakes from urban and rural areas from 1989 to 2011
using data from CHNS. The authors reported that urban
residents had a significantly higher consumption than
people living in rural areas across these years (P<0.0001)
[63]. Most recently, He et al. reported a significant differ-
ence in high milk consumption in urban and rural areas
among 31 provinces in China, with a high percentage of
consumers (74.17%) are living in urban areas. The high
milk consumption in this study was classified as >200
ml/day and >5 day/week [72]. In addition, one paper
analyzed dietary intake data from national survey CHNS
in 1991, 2000 and 2015, reporting a significant differ-
ence of mean daily intake between urban and rural resi-
dents with 40.4 g in urban areas and 10.6 g in rural areas
(P<0.05) [65].

Of the papers that examining dairy consumption in
other geographical location groups, Li et al. [67] com-
pared milk intakes between coastal and inland areas,
reporting that people living in coastal areas had higher
milk intakes than those living in inland, reporting mean
intakes of 32.65 and 25.62 g/d, respectively. Research
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also found that those living in Northern China reported
higher milk intakes than those living in Southern China
in three separate studies [38, 67, 79]. For example, Li et al.
[67] found that, at a national level in 2002, those in north-
ern regions consumed more milk than people living in
southern regions, with reported intakes of 33.38 g/d and
22.24 g/d, respectively. A difference in dairy consumption
was also found among people living in Eastern, Central
and Western areas, where it was reported that people liv-
ing in Eastern cities had significant higher intakes than
people living in the other two areas [64, 71]. Furthermore,
only one study compared milk consumption according to
the size of the city and type of rural area, demonstrating
that people living in big cities consumed much more milk
than those living in smaller sized cities and normal rural
areas, with 64.3 g/d in big cities, 24.2 and 9.1 g/d in other
areas respectively [46].

Dairy consumption in different sex groups

Table 4 summarises the results from 16 papers that con-
sidered differences in dairy consumption across reported
sex groups (male and female). All but four of these papers
reported higher dairy consumption in females than males
[47, 54, 55, 60, 61, 63-65, 69, 72, 78, 79, 84, 86, 92, 95].
Within those papers, eleven studies analysed data at the
national level. Specifically, 8 papers analysed data from
the national survey CHNS, while focusing on the differ-
ent age groups and/or different collection years [47, 54,
55, 60, 61, 63—65]. One used data from the CNHS study
in 2010-2012 [69]. One study analyzed the data from
CNSSPP [72]. In addition, one study conducted across
different regions in China [92]. The other five studies
were conducted in individual cities (Beijing, Shanghai or
Guangzhou) [78, 79, 86], Tibet [84] or regional locations
(northern China) [95].

At the national level, papers that studied the survey
data in different years from 1989 to 2011 reported higher
dairy intakes among females, with significant differences
found by Wang et al. [63] and Tian et al. [47], whilst the
difference between sexes was either not significant or not
statistically tested in other papers [54, 60, 61, 64].

Mirroring the findings from these national studies,
Zong et al. [79] examined dairy consumption in males
and females aged 50-70 years in Beijing and Shanghai
in 2005, and found that females in this age group con-
sumed higher amounts of dairy than males, with only
25.8% of those who consumed more than one serving
of dairy foods per day being male. Sun et al. [78] col-
lected information on milk consumption in older Chi-
nese (aged over 50 years) in Guangzhou across two
time periods ((Phase 1 (2003—2004) and Phase 2 (2005-
2006)), and reported a slight difference between males
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and females, with 27% females and 25% males consum-
ing over 250 ml whole cow’s milk per week, however,
the results were not statistically analysed, and thus are
observational. Guo et al. [95] examined the proportion
of sexes across quartiles of reported dairy consumption
in people living in northern China, finding that females
had higher dairy intakes than males, with 47.23% males
in Q1 (mean intake 6.42 ml/d), compared to 35.02%
males in Q4 (mean intake 227.89 ml/d).

Four of the 16 papers examining differences in reported
dairy intake across sex groups found that, for those who
consumed dairy products, males had higher dairy intake
compared to females with only one study reported sig-
nificant difference [55, 65, 84, 92]. Xu et al., who exam-
ined reported intakes using data from CHNS 2009 [55]
reported that more males met the recommended intakes
for dairy than females in older adults, with median
intakes in males and females aged 60—69 years 200 g/d
and 167 g/d respectively. However, the differences were
not statistically tested, and only provided as descriptive
figures. Another study, which collected data during the
COVID-19 lockdown period from March to April 2020,
which examined dietary behavior across China showed
that males consumed milk more frequently (P<0.001)
and more dairy in general compared to females [92].
Finally, another study examining intakes in the Tibetan
plateau, showed greater consumption of dairy foods
in males compared to females, however the amount of
intake was not reported and statistically tested [84].

Consumption of different types of dairy products
Differences in the consumption of the different types of
dairy products were reported in six papers [38, 62, 90,
91, 95, 96] (Table 5). Two of the six studies reported the
mean amount consumed or the range on intakes for milk,
yogurt, milk powder and ice cream [38, 90]. One reported
the percentage of consumers of each product among peo-
ple aged 60 years and over with a focus on milk, yogurt,
milk powder and other dairy products [62]. The other
three focused on specific products, namely; milk, yogurt
and milk powder [95], milk and yogurt [91] and only milk
and butter [96].

All six papers showed that participants had highest
intake of milk among these types of dairy products in
China. Fuller et al. [38], examining intakes in Beijing,
Shanghai and Guangzhou in 2001, reported that of the
annual dairy products consumed, milk consumption was
highest in these three cities, with yogurt consumption
ranked second, followed by ice cream and milk powder.
They also reported that younger, more educated par-
ticipants consumed more yogurt, whilst elderly partici-
pants tended to consume more milk powder. Similarly,
the other three studies also reported much higher milk
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consumption than other types of dairy products (yogurt,
milk powder, butter) [91, 95, 96]. Silanikove et al. [96]
reported remarkably lower annual intakes of butter than
milk in 2011 with 0.1 kg/y of butter and 9.1 L/y of milk.
More recently, Huang et al. [62] investigated the dairy
consumption in 4921 participants aged 60 years and over,
and reported the percentage of consumers of each type
of dairy product, finding that milk and yogurt were the
main dairy products consumed in this group. Yang et al.
[91] who examined the dairy consumption among adults
in China during the COVID-19 lockdown, reported that
the median intakes of milk and yogurt were 71.5 ml/d
and 17.8 ml/d separately.

Changes in dairy consumption over time

Seven papers report analysis of dairy consumption over
time at a national level using data from CHNS [47, 56, 58,
63, 65], CNNHS [68] and NBS [66]. Of the five papers that
analysed data from CHNS, one examined dairy intakes in
adults aged 18—45 across 6 survey years (1989, 1991, 1993,
1997, 2000, 2004) [56], and one studied dairy intakes
across four survey years (2004, 2006, 2009, 2011) among
people aged 20-59 years [47]. Batis et al. [58] reported
the percentage of consumers of animal-based milk dur-
ing survey years 1991-2009. The other reported the dairy
consumption data of adults aged 18—-59 years, covering all
of nine survey years (1989-2011) [63]. In addition, Wang
et al. [65] examined dietary intake data in 1991, 2000
and 2015 among people aged>60 years in China. Data
from these studies showed an increase in dairy intakes.
For example, during the period 1989-2004, consump-
tion of dairy products was reported to increase six-fold
from 2 g/d to 12 g/d [56]. From 2004 to 2009, consump-
tion of milk and its products then appeared to experi-
ence a decreasing trend, reaching its lowest consumption
in 2009, of 25 g/d. However, from 2009 to 2011, reported
intakes increased to 35 g/d, which was higher than that of
the previous year [47]. Additionally, from 1991 to 2015,
the average intake of dairy foods among elders had signifi-
cant increase, with 8.0 g/d in 1991, 14.1 g/d in 2000 and
20.3 g/d in 2015 (P<0.001) [65].0f the other two papers,
Fu et al. [66] reported increasing consumption of dairy
products from NBS for both urban and rural areas from
1990 to 2010, with reported dairy intakes from 0.64 kg/y
to 3.55 kg/y in rural area, 4.60 kg/y to 18.10 kg/y in urban
area, whereas the dairy intakes in urban residents experi-
enced a significant decline from 22.54 to 18.10 kg/y from
2006 to 2010. The remaining paper using the data from
CNNHS reported a similar increase in reported intakes
of dairy products from 1982, to 1992 and 2002, report-
ing intakes of 8.1, 14.9, and 26.5 g/d separately [68]. It also
further reported the specific changes in urban and rural
areas. Compared to rural areas, urban residents reported
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a significantly greater increase in dairy consumption dur-
ing this period, with 9.9 and 65.8 g/d reported in 1992 and
2002 in urban groups, compared to 7.3 and 11.4 g/d in
rural groups. When considering differences within indi-
vidual provinces, one paper reported changes in dietary
intakes from 1982 to 2012 in the Hunan province, report-
ing that dairy intakes experienced a rapid increase from
1982 (5.9 g/d) to 2002 (95.5 g/d), but this then decreased
to 16.6 g/d in 2012 [75].

In addition, researchers examined the changes of eating
habits in elderly residents during COVID-19 lockdown in
March 2020 in Wuhan city in China, finding that dairy
consumption was reduced during this period [85]. Spe-
cifically, a 24.5% reduction was observed among males,
and 45.3% among females. Considering age groups, dairy
consumption reduced by 38.8% in 60—69 year old, 40.0%
in 70-79 year old and 25% in those aged 80 and over.

Discussion

Based on published literature between 2000 and 2022,
which reported the consumption of total or individ-
ual dairy foods in China, some consumption patterns
of dairy can be observed. Our review found notewor-
thy differences in dairy consumption across population
groups of age, geographic location and sex, as well as
differences by type of dairy. Specifically, milk and yogurt
were reported to be the main dairy foods consumed in
China with milk powder playing an important role in the
intake of dairy in older adults. In terms of sex-related
differences in dairy consumption, evidence showed that
females had higher intakes than males. Clear patterns of
dairy emerged across different geographical locations.
The intake of dairy products among the urban popula-
tion was higher than rural areas and also greater than the
national average. Furthermore, coastal citizens and those
in northern and eastern regions consumed more dairy
products than others. Meanwhile, residents in larger cit-
ies had higher intakes than smaller cities or rural area.
To the best of our knowledge, this is the first systematic
review to summarise reported dairy intakes to determine
factors that influence the consumption of dairy in differ-
ent groups in China.

When examining dairy intake in the studies, both
total dairy and also the following individual dairy foods
were considered: milk, yogurt, ice cream, milk powder,
butter. Much of the reporting considered total dairy
and did not break down reported intakes into these
individual dairy foods. From studies included in this
review, milk, yogurt and milk powder were the main
dairy foods reported among Chinese adults. In contrast,
consumption of butter and cheese were particularly
low, albeit data on these dairy products is limited. It is
important to note that comparisons of reported intake
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of total and specific dairy products across studies are
often challenging due to the manner in which dairy can
be grouped and/or reported in many studies. For exam-
ple, in a previous study in Poland, the main reported
dairy foods were ‘Milk, ‘Cheese and cottage cheese;
and ‘Yoghurt and milk drinks’ [97]. Similarly, a study
in America grouped milk, cheese and yogurt into ‘total
dairy, excluding other dairy products [98]. In Korea,
one study analysed the national data (from 2007-2009)
and defined dairy products as a ‘combination of milk
and yogurt, without cheese being included, due to the
extremely low consumption of cheese [99]. With such
differences in the definition of dairy and grouping of
dairy foods, caution must be given to comparisons
across studies, since the intakes of dairy are dependent
on the definition used within each study. To overcome
these issues, the present review also reported on indi-
vidual dairy foods when possible.

In terms of the individual dairy foods consumed, this
review showed that milk was the largest contributor to
dairy consumption in China, similar to other countries
such as Australia [100] and Spain [101]. The present
review also found that intake of yogurt was the second
highest of dairy consumption, with younger and more
educated consumers purchasing more yogurt than others
[38]. This is different to intakes reported in other coun-
tries, where for example yogurt and fermented milk con-
sumed among people aged 18—64 years in Spain, was less
than older adults (64-75 years) [102]. In addition, data
from the National Health and Nutrition Examination
survey 1999-2004 in the US showed that consumption
of cheese instead of yogurt ranked second among adults
[103]. In contrast to western countries, we found that
the consumption of cheese and butter was exceedingly
low and was hardly examined in reported dairy intakes
in China. One possible reason is that cheese and butter
are relatively new to the market, and mostly imported,
which may lead to the higher price than milk and other
dairy products [44]. This may go some way to explain
why consumers of these products are mostly limited to
the younger and wealthier population [44]. However,
more work is needed to fully understand this finding. Sig-
nificant differences in the consumption of milk powder
were also noticeable in the papers reported in this review.
Within three identified studies reporting milk powder
consumption in different survey years and locations, and
among different age groups, we found that milk powder
played a particular role in the diet of the Chinese popula-
tion. Evidence showed that milk powder was consumed
by many older adults. Before the purchase of milk and
yogurt became convenient and modern refrigeration
availability improved, milk powder was the most practi-
cal dairy product for consumption in China [38].
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This review identified 16 papers that reported dif-
ferences in dairy intakes across sex groups. Most of
the available evidence showed the females had higher
intakes of dairy foods than males, although not all the
studies reported or conducted statistical analysis. The
association between gender and dairy consumption was
also observed in other recent studies examining dietary
intakes in Europe [104, 105]. One study evaluated dairy
intake pattern in older adults across Europe including 16
European countries, and reported that males had lower
intakes of dairy than females [104]. In addition, Pellay
et al. [105] analysed the socio-demographic character-
istics and dietary intake among the elderly in France,
finding that women were more likely to have the highest
frequency of consumption of dairy foods, including milk
and fresh dairy products, which also indicates that sex
was a factor associated with dairy consumption. Sex has
been noted as a factor which is related to dietary habits.
A previous study of dietary status in China found that
male participants had significantly higher consumption
of vegetables, cereal, meat and legumes than females [47].
Interestingly, there was one study that reported higher
dairy consumption in males than females and found that
more males met the recommended intake of dairy, but
these differences were not found to be significant. Since
this paper didn't give additional details of the two sex
groups, we were not able to identify the reason for this
result [55]. The factors that contributed to the difference
of dairy consumption in females and males still need to
be further investigated, but it’s clear that sex differences
exist in dairy consumption in China. It is also important
to note that the results in the included papers were not
energy-adjusted. Therefore with the findings showing
that females tend to consume higher amount of dairy
than males, this need to be taken into consideration.

Associations between different regions and dairy con-
sumption in China are considered in this present review.
Based on the available papers’ comparisons across differ-
ent location sub-groups including urban v rural, north
south east and west, costal vs. inland, and size of city
were examined. One of the main findings was that people
living in urban areas had a significantly higher consump-
tion of dairy than those living in rural areas, and this
gap appears to have existed for a long time period. For
example, data from a national survey in 2002 reported
that the mean dairy intakes among urban residents were
65.8 g/d, whereas the amount in rural was only 11.4 g/d
[67]. More recently, in 2011, the dairy intake in urban
population was 52.52 + 115.47 g/d while it was only 8.53
+ 43.38 g/d in rural area [63], suggesting no change in
either of these areas. Similarly, people living in a large or
even a small size city had a much higher consumption of
dairy compared to those in rural areas. There are many
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possible reasons behind these findings such as differ-
ences in income, education level and convenience [38],
which need to be explored further. People living in urban
areas usually have higher incomes and are more likely to
have higher education, which may have contributed to
the rapid increase in consumption of dairy [44]. More
supermarkets and therefore, availability of dairy prod-
ucts in urban areas means more choice and availability of
high-quality dairy products for these population groups,
which may have contributed to this difference [106]. In
addition, lack of knowledge of the importance or impact
of dairy products on health (or risk of disease) may also
be a contributor to low dairy consumption behavior in
people living in rural area [107]. The evidence also dem-
onstrated that northern and costal populations con-
sumed more dairy than those living in southern areas and
inland cities. Compared to eastern and central regions,
people living in western cities had lower dairy consump-
tion. These differences might be due to the difference in
geographic environment, food resources, social culture,
and economic disparities in these regions [71]. For exam-
ple, coastal and northern cities were opened to foreigners
in the nineteenth century, and evidence has shown that
greater exposure to western culture had a positive influ-
ence on dairy consumption [108]. Therefore, the impact
of western culture on dietary patterns in those regions
could be in part responsible for these differences.
Knowledge of these differences in the amount (and
type) of dairy products consumed across regions, sex
and age groups are of importance, as it is known that
the type, and amount of dairy products consumed, can
have different effects on human health [109, 110]. Dairy
foods vary considerably in their nutrient compositions
[109] and, evidence shows that health effects are sub-
stantially modified by the food matrix. For example,
one previous study found that, dairy fat consumed in
the matrix of cheese resulted in significantly lower low
density lipoprotein (LDL) and total cholesterol com-
pared with the same components eaten in the matrix of
butter [110]. Many of the studies identified in the pre-
sent review only considered the consumption of total
dairy. The studies which did examine individual dairy
foods reported considerable differences in consumption
of these products within China, which merits further
investigation [38, 90, 94]. We would therefore recom-
mend that future studies capture and report details
of intakes of individual dairy foods. Although dairy
intakes in China have increased greatly [47], much of
the data was old and more recent data was not found in
published papers. With the constant change in dietary
habits and more choices within food products within
China, such as non-dairy plant-based milk alterna-
tives, which are being adopted by a growing number of
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consumers, it is possible that a reduction of some dairy
products in the Chinese population may be observed.

Whilst this review comprehensively examined the avail-
able literature, due to the complexities in reporting dis-
cussed previously, and the limited number of papers for
the question being considered, the findings reported here
are limited and merit further investigation. This review
only presented the findings from existing comparison
within the studies, therefore no analysis was conducted
to compare across the studies. And there might be some
published studies not identified for inclusion in this review
due to the search terms used in our search. Furthermore,
although limited to papers published since 2000, many
of the studies use older datasets, and it is likely that dairy
intakes have changed considerably and work on more
recently collected data is needed. Therefore, there is a need
for a detailed analysis of more recent intake data, to deter-
mine if the trends reported here are a true reflection of the
current status. In addition, in this present review, we only
focused on the influence of key factors - age, gender and
regions which were most frequently studied and reported
in published studies to investigate the difference in dairy
consumption in the population group. Many other factors
could be examine in future reviews.

Regardless of these limitations, this review demonstrates
clear differences in consumption of different types of dairy
products, and in population groups (such as males and
females, age groups, urban and rural residents). When
considering incorporation of dairy consumption into
healthy guidelines, it is important to note these differences,
and adapt recommendations and promotions accordingly.
Furthermore, more detail on how dairy is specifically con-
sumed within the diet is needed, which would support fur-
ther development of nutrition recommendations through
modelling scenarios for differing population groups.

Conclusion

This review has shown deviations in dairy intake across
different population groups in China, including age,
sex, and geographic location as well as across the dif-
ferent types of dairy products. The main findings of
this review demonstrate that middle-aged adults tend
to consume less dairy than other age groups, females in
generally had higher intakes of dairy foods than males,
and that milk and yogurt and milk powder are the main
types of dairy products consumed in China. Whilst this
review highlighted some novel and interesting findings,
it also highlights a detailed lack of understanding of the
use of dairy within the diet, and differences in the dairy
consumption among different population groups.
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