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A B S T R A C T

Background: Previous evidence on the associations of dairy intake with risk of cardiometabolic diseases has been inconsistent with studies 
showing inverse, null, or positive associations.
Objectives: We aimed to assess these associations in China, where dairy consumption level is low and cardiometabolic disease patterns 
differ from those in the West.
Methods: The China Kadoorie Biobank is a prospective cohort study with ~512,000 adult participants recruited from 10 diverse localities 
in China during 2004–2008. At baseline and periodic resurveys, information on the consumption frequency of major food groups was 
collected using a validated interviewer-administered laptop-based questionnaire. During ~ 5.4 million person-years of follow-up, 18,306 
diabetes, 33,946 ischemic heart diseases [IHD, including 3888 acute myocardial infarction (MI)], 33,670 ischemic stroke, 7191 intrace-
rebral hemorrhage (ICH) cases, and 13,241 cardiovascular deaths were recorded. Cox regression was used to calculate adjusted hazard 
ratios (HRs) relating dairy intake to cardiometabolic disease risk.
Results: At baseline, 10.7% of participants regularly consumed (i.e., ≥4 d/wk) dairy products, whereas 70.0% reported never or rare 
consumption. After adjusting for potential confounders including body mass index, dairy consumption was significantly and positively 
associated with IHD but inversely associated with risks of acute MI, ICH and cardiovascular death, with HRs for regular consumers 
compared with nonconsumers being 1.09 (95% CI: 1.06, 1.12), 0.88 (0.80, 0.98), 0.69 (0.62, 0.76), and 0.82 (0.77, 0.87), respectively, but 
not with diabetes and IS. These associations were largely independent of systolic blood pressure.
Conclusions: In Chinese adults, higher dairy consumption was associated with lower risks of acute MI, ICH, and cardiovascular death. 
Future studies are warranted to further elucidate these relationships and their causality.
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Introduction

Cardiometabolic diseases remain one of the leading causes of 
morbidity and mortality globally, encompassing a range of 
conditions such as diabetes, ischemic heart disease (IHD), and 
stroke [1]. In China alone, the burden of cardiometabolic dis-
eases is substantial, with >3 million deaths diagnosed annually 
being attributed to these conditions [2]. Although factors such 
as hypertension, obesity, dyslipidemia, and raised blood glucose 
are well-established risk factors for cardiometabolic diseases, 
emerging evidence suggests that dietary habits, including dairy 
intake, may also play a role [3].

Numerous prospective studies and meta-analyses, primarily 
conducted in Western populations, have explored the rela-
tionship between dairy intake and risk of cardiometabolic dis-
eases, yielding mixed findings: some suggest an inverse 
association between dairy intake and risk of diabetes [4,5], 
IHD, and stroke [5–8], whereas others indicate no significant 
association [7,9,10] or even a positive association with certain 
cardiovascular disease (CVD) risks [7,11]. The complexity of 
dairy's impact on cardiometabolic health may be attributed to 
its heterogeneity in the dairy matrix and diverse nutritional 
composition, including SFAs, vitamins, minerals such as calcium, 
magnesium, potassium, bioactive peptides and probiotics, 
each potentially exerting different effects on cardiovascular 
physiology [6,12].

However, research on large prospective studies on the as-
sociations of dairy intake with incident cardiometabolic dis-
eases in non-Western populations remains very limited. 
Disparities in dietary habits, types of dairy products consumed 
[13,14], and genetic factors influencing dairy metabolism be-
tween Western and other populations [15] underscore the need 
for research in diverse populations. In China, for example, 
despite an increase in per capita milk supply over recent de-
cades [16], the mean dairy milk consumption remains signifi-
cantly lower than the recommended 300 mL/d intake by the 
2022 Chinese dietary guidelines [17], with distinctive dairy 
consumption patterns that include extremely low cheese intake 
[18] and highly prevalent lactase nonpersistence [15] (>99%). 
In addition, the higher incidence of certain cardiometabolic 
diseases, particularly of intracerebral hemorrhage (ICH), in 
China than in the West [19] may provide a higher statistical 
power to these studies and therefore help to clarify the associ-
ations of dairy consumption with these diseases as well as their 
subtypes.

Therefore, we examined the associations between habitual 
dairy consumption and the incidence of major cardiometabolic 
outcomes, including diabetes, IHD, acute myocardial infarction 
(MI), ischemic stroke (IS), ICH, and cardiovascular death in the 
China Kadoorie Biobank (CKB) study, a comprehensive nation-
wide prospective cohort study of Chinese adults. Additionally, 
we explored the associations of dairy intake with car-
diometabolic disease-related traits (including adiposity and 
blood pressure) and biomarkers to elucidate the potential 
mechanisms linking dairy intake and cardiometabolic diseases. 
Potential modifying effects of sociodemographic factors and 
other lifestyle factors on observed associations were also 
examined.

Methods

Study design and population
The CKB is a population-based prospective study of over half 

a million adults recruited from 10 diverse regions (5 urban and 5 
rural) across China. As described elsewhere [20], the study 
design aimed at capturing a broad spectrum of risk exposures 
and disease patterns. Between June 2004 and July 2008, in-
vitations were sent to all adult permanent, not severely disabled 
residents aged 35–74 y in preselected rural villages or urban 
residential committees. Approximately one-third (33% in rural 
and 27% in urban areas) responded and were enrolled in the 
study. In total, 512,726 participants were enrolled, including a 
few slightly outside the original target age range (i.e., aged 
30–34 or 76–79 y). Trained health professionals administered a 
laptop-based questionnaire at local study assessment clinics, 
capturing information on sociodemographic characteristics, 
personal and family medical history, self-reported health status, 
and lifestyle factors. Standard protocols were followed for 
physical measurements of anthropometrics, body composition 
(TANITA), and blood pressure, whereas venous blood samples 
were collected for long-term storage and onsite blood tests, 
including spot test for random plasma glucose (RPG, Johnson & 
Johnson SureStep Plus Meter). All participants provided written 
informed consent, and ethical approvals were obtained at local, 
national, and international levels before the start of the 
recruitment.

Dietary intake assessment
Dietary intake information was collected using a validated 

interviewer-administered laptop-based questionnaire. This 
included the habitual consumption frequency (5 frequency 
categories including daily, 4–6 d/wk, 1–3 d/wk, monthly or 
never/rarely) of 12 major food groups over the preceding year 
[21]. A validation study, conducted among 432 CKB partici-
pants during 2015–2016, demonstrated good reproducibility 
and validity of the questionnaire, for example, weighted kappa 
statistics for the total dairy consumption frequency were 0.82 
and 0.75 for reproducibility and validity, respectively [22]. 
Furthermore, 2 resurveys were carried out in 5%–6% of 
randomly selected surviving participants to account for regres-
sion dilution bias by estimating long-term usual levels of various 
baseline exposures [23]. Additional dietary information, 
including daily portions of food groups and consumption of 
dairy subtype products, that is, cow milk, yogurt, and other 
dairy products (e.g., cheese and milk powder), was also 
collected during the second resurvey (2013–2014) among ~25, 
000 participants. As previously reported [24], using the infor-
mation from the second resurvey, the mean usual amount of 
total dairy consumption (i.e., mean intake level during the 
follow-up period) was estimated for each consumption fre-
quency category at baseline.

Follow-up for cardiometabolic morbidity and 
mortality

The vital status of participants was collected periodically 
from the Disease Surveillance Points system (local death
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registry) in China [25], checked annually against local resi-
dential records and health insurance data and actively confirmed 
by street committees or local residential administrators. 
Furthermore, data on hospitalized events were collected through 
electronic linkages via unique personal identification numbers to 
major chronic disease registries and the national health insur-
ance claim system, which has almost universal (~99%) coverage 
of all hospitalizations for our participants. Fatal and nonfatal 
events were coded according to the International Classification 
of Diseases, 10th revision (ICD-10) by trained clinical staff, who 
were blinded to baseline information [20]. The main car-
diometabolic disease events examined in the present study were 
the incidence (both fatal and nonfatal events) of diabetes 
(E10-E14), IHD (ICD-10 code I20-I25), acute MI (I21), IS (I63), 
and ICH (I61), plus cardiovascular death (I00-I25, I27-I88, and 
I95-I99 as underlying cause of death). All analyses were 
restricted to first disease events, with cardiovascular events of 
IHD, acute MI, ICH, and IS being censored for each other. The 
disease events from enrollment until 1 January, 2019 (global 
censoring date) were included in these analyses, by which time 
only 3672 (0.8%) participants were lost to follow-up.

Measurement of circulating biochemical markers 
and metabolites

Seventeen biochemical markers (Supplemental Table 1) were 
quantified using standard clinical biochemistry assays at the 
Wolfson Laboratory, CTSU, University of Oxford in baseline 
plasma samples of ~18,000 CKB participants from a nested case-
control study of CVD [26]. A smaller subset of CKB participants 
from this nested case-control study of CVD [26] and 2 other 
different case–subcohort studies for diabetes [27] and pancre-
atic cancer were selected for metabolomics measurements 
(n~7000). Nuclear magnetic resonance (NMR) spectroscopy 
(Nightingale Laboratory) was used to quantify simultaneously 
147 metabolites and 78 derived traits, either as absolute con-
centrations of each metabolic measure or as ratios.

Statistical analysis
CKB participants with major prevalent diseases, including 

stroke, transient ischemic attack (n = 8884), IHD (n = 15,472), 
cancer (n = 2578), or diabetes (n = 30,300) at baseline and 
those with missing values for BMI (n = 2) were excluded, leaving 
461,046 participants in the current analysis.

Participants were classified into 4 frequency categories of 
dairy consumption (i.e., never/rarely, monthly, 1–3 d/wk, and
≥4 d/wk) to ensure adequate numbers of cases in each con-
sumption category. Baseline characteristics were described as 
means and SDs or percentages across dairy consumption cate-
gories, with adjustments for sex, age and region as appropriate, 
by means of either multiple linear regression (for continuous 
outcomes) or logistic regression (for binary outcomes). Cross-
sectional associations of dairy consumption with BMI, RPG, sys-
tolic blood pressure (SBP) and diastolic blood pressure (DBP) in 
each sex group were analyzed using linear regression, adjusting 
for age, region, education, annual household income, smoking, 
alcohol consumption, total physical activity, consumption of 
fresh fruit, red meat, poultry, fish and eggs and family history of 
CVD or diabetes accordingly. Analyses for RPG, SBP, and DBP 
were also adjusted for BMI and waist circumference (WC). In the 
analyses involving biochemistry and metabolomics data, all

plasma biomarkers were standardized to have an SD of 1. Linear 
regression models were used to estimate the means of biomarker 
levels by dairy intake, adjusting for the aforementioned cova-
riates plus age [2], sex, and fasting time. Inverse probability of 
sampling weights was applied to account for the nested 
case-control study design of the study on biochemical markers 
and metabolites, as described previously [26]. To correct for 
multiple testing, Benjamini–Hochberg method was used to 
calculate the false discovery rate (FDR) at 0.05.

Cox regression analysis was used to calculate the hazard ra-
tios (HRs) and 95% confidence intervals (CIs) for dairy con-
sumption in relation to each cardiometabolic disease outcome, 
stratified by age-at-risk (in 5-y intervals), sex, and region and 
adjusted for the aforementioned potential confounders plus 
baseline age and BMI. Blood pressure (SBP) was also added in as 
a covariate (Supplemental Table 2). The floating absolute risk 
method, which provides variance of log risk for each category 
(including the reference group), was used to facilitate compar-
isons between any 2 exposure groups rather than just with an 
arbitrarily chosen reference group [28]. The dairy consumption 
was entered into models as either a categorical variable or as a 
continuous variable, which was used to estimate the HRs for 
each 50 g/d increment in usual dairy consumption to quantify 
the linear association and to account for regression dilution 
bias [23].

Subgroup analyses by baseline factors (e.g., age-at-risk, sex, 
and region) were performed, and Chi-square values for trend or 
heterogeneity were calculated. The proportional hazards 
assumption was tested by comparing the HRs for the first and 
second halves of follow-up, with no strong evidence of departure 
being observed. Sensitivity analyses were done by additionally 
adjusting for other covariates, including other dietary variables, 
anthropometric factors, and RPG and by excluding the first 2 y 
of follow-up. All analyses were carried out using SAS (version 
9.4, SAS Institute), and figures were generated using R 4.3.3 
(https://www.R-project.org/).

Results

Among the 461,046 participants included in the study, the 
mean baseline age was 51.2 (SD 10.5), and the estimated usual 
mean dairy consumption was 41.7 g/d (Table 1). At baseline, 
10.7% of the participants were regular consumers (i.e., those 
who reported consuming dairy ≥4 d/wk), whereas 70.0% were 
nonconsumers (i.e., reported never or rare consumption). Par-
ticipants with more frequent dairy intake were more likely to be 
female, urban residents, had higher education and annual 
household income levels, and included a higher proportion of 
regular consumers of red meat, fish, and fresh fruit. The mean 
values of total physical activity (metabolic equivalent-h/d), WC, 
and RPG were similar across the 4 dairy intake groups.

Mean levels of dairy intake varied largely across the 10 re-
gions in both sexes, with the proportion of regular dairy con-
sumers being 45-fold different in males and 32-fold different in 
females, and with Qingdao having the highest (followed by 
Harbin) and Zhejiang having the lowest (followed by Hunan) 
proportions (Supplemental Figure 1). Between rural and urban 
areas, the proportion of dairy consumers also showed distinct 
age distribution patterns. In urban areas, there was a slightly 
higher proportion of females than males before the age of ~60 y,
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but this sex difference disappeared after ~60 y. However, in 
rural areas, there was a gradual increase in the proportion of 
regular dairy consumers with age in both males and females 
(Supplemental Figure 2). Among the 5 urban regions, Suzhou 
and Haikou (where a large proportion of participants came from 

suburban areas) had the lowest values of estimated mean dairy 
intake in both sexes (Supplemental Figure 3). Among 11,692 
participants who answered 3 questionnaire surveys, there was 
an increasing trend of dairy consumption (Supplemental 
Figure 4) and milk was the most frequently consumed dairy 
product, followed by yogurt (Supplemental Figure 5).

After adjustment for potential confounders, dairy consump-
tion was significantly and inversely associated with BMI, SBP, 
and DBP in both sexes, with regular consumers having a 0.5 and 
0.6 kg/m 2 lower BMI, 2.2 and 1.9 mmHg lower SBP, and 1.4 and 
1.0 mmHg lower DBP than nonconsumers in males and females, 
respectively. No clear association was evident between dairy 
consumption and RPG (Supplemental Figure 6).

Dairy intake was positively associated with levels of total 
triglycerides, apolipoprotein A1, albumin (ALB), and uric acid 
(Supplemental Table 1 and Supplemental Figure 7). The ma-
jority of these associations tended to be linear, with regular 
dairy consumers having higher levels of these biochemical 
markers than nonconsumers (Supplemental Figure 7). Among

the 225 NMR-based circulating metabolites and derived traits, 
dairy intake was significantly associated with levels of 57 
metabolites after FDR correction (Figure 1A and B). In partic-
ular, dairy consumption was positively associated with total 
triglycerides, triglycerides in all lipid measures of all 14 
lipoprotein subclasses, ALB, and valine, but inversely associated 
with sphingomyelins, absolute measures and ratios of total 
cholesterol and cholesterol esters in small and very small VLDL, 
intermediate-density lipoprotein, small LDL and small HDL as 
well as PUFAs to total fatty acids ratio.

Over a mean follow-up period of 11.8 (SD 2.1) y, there were 
18,306 diabetes cases, 33,946 IHD (including 3888 acute MI), 
33,670 IS, 7191 ICH, and 13,241 cardiovascular deaths recor-
ded. Before adjusting for BMI, dairy consumption was positively 
associated with IHD but inversely associated with all other 
cardiometabolic disease endpoints under investigation 
(Table 2). Compared with nonconsumers, regular dairy con-
sumers had 9% (95% CI: 6%, 12%) higher risk of IHD but 11% 

(6%, 15%), 11% (2%, 20%), 6% (3%, 9%), 32% (25%, 39%) and 
19% (13%, 24%) lower risk of diabetes, acute MI, IS, ICH, and 
cardiovascular death, respectively. Additional adjustment for 
BMI greatly attenuated the association with diabetes to null, but 
did not essentially modify the associations with other CVD 
outcomes, although the association between dairy intake and IS

TABLE 1
Characteristics of participants by frequency of dairy intake at baseline survey (2004–2008)

Characteristic Frequency of dairy intake Overall
(n = 461,046)Never/rarely Monthly 1–3 d/wk ≥4 d/wk

(n = 322,781) (n = 50,754) (n = 38,265) (n = 49,246)

Usual dairy intake 1 (g/d) 24.9 47.1 79.5 116.7 41.7
Mean age (SD) (y) 51.2 (10.8) 50.8 (10.6) 49.8 (10.9) 52.5 (11.2) 51.2 (10.5)
Females (%) 58.3 57.3 60.2 64.1 59.0
Urban (%) 29.7 53.3 81.6 82.9 42.3
Education >6 y (%) 42.6 55.6 68.5 72.8 49.4
Household income >20,000 yuan/y (%) 36.0 51.7 58.7 64.2 42.6
Ever regular smoking in males 2 (%) 76.2 73.7 68.2 69.0 74.6
Ever regular alcohol drinking in males 3 (%) 38.7 34.7 32.7 33.4 37.2
Family history of CVD (%) 19.4 20.3 20.7 22.5 19.9
Regular dietary intake (%) 4

Red meat 44.7 48.6 51.5 56.4 47.0
Fish 7.8 9.3 10.3 14.7 8.9
Fresh fruit 21.5 28.3 41.6 56.5 27.7

Mean physical activity (SD), MET-h/d 22.1 (12.6) 21.6 (12.3) 21.0 (12.6) 21.2 (13.0) 21.9 (13.9)
Mean BMI (SD) (kg/m 2 ) 23.6 (3.3) 23.5 (3.3) 23.3 (3.4) 23.2 (3.5) 23.5 (3.3)
Mean WC (SD) (cm) 79.9 (9.5) 79.9 (9.3) 79.5 (9.6) 79.0 (9.9) 79.7 (9.6)
Mean RPG (SD) (mmol/L) 5 5.7 (1.2) 5.7 (1.1) 5.7 (1.2) 5.6 (1.2) 5.7 (1.1)
Mean SBP (SD) (mmHg) 130.9 (20.1) 129.2 (19.6) 128.0 (20.2) 126.8 (20.8) 130.0 (20.8)
Mean DBP (SD) (mmHg) 77.9 (11.3) 77.1 (11.1) 76.6 (11.4) 76.1 (11.7) 77.5 (11.1)
Self-rated poor health (%) 9.0 8.8 7.7 8.2 8.8

Linear regression (for continuous outcomes) or logistic regression (for binary outcomes) were used to calculate the means (SDs) or percentages of 
various baseline characteristics across 4 frequency categories of dairy consumption (i.e., never/rarely, monthly, 1–3 d/wk and ≥4 d/wk), with 
adjustments for age (continuous), sex (dichotomous variable) and region (10 regions), where appropriate.
Abbreviations: CVD, cardiovascular disease; DBP, diastolic blood pressure; MET, metabolic equivalent of task; RPG, random plasma glucose; SBP, 
systolic blood pressure; WC, waist circumference.
1 Crude mean values from second resurvey (2013–2014) of randomly selected 20,084 participants without CVD, diabetes, or cancer at either 

baseline or second resurvey.
2 Percentage values of ever regular smoking in females were 3.2%, 2.9%, 2.2%, 2.0%, and 3.0% for dairy intake of “never/rarely,” “monthly,” 

“1–3 d/wk,” “≥4 d/wk” and overall, respectively.
3 Percentage values of ever regular alcohol drinking in females were 2.3%, 2.4%, 2.7%, 3.6%, and 2.5% for dairy intake of “never/rarely,” 

“monthly,” “1–3 d/wk,” “≥4 d/wk” and overall, respectively.
4 Percentage values of participants who reported ≥4 d/wk intake.
5 Values for RPG were missing for 7961 participants.
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became only borderline significant [0.96 (0.93, 0.99) P trend = 

0.13]. When BMI and other potential confounders were taken 
into account, each 50 g/d higher usual dairy intake was asso-
ciated with 6% (4%, 8%) higher risk of IHD, but 7% (1%, 12%) 
lower risk of acute MI, 2% (0%, 4%) lower risk of IS, 17% (12%, 
21%) lower risk of ICH, and 10% (6%, 13%) lower risk of car-
diovascular death. Furthermore, adjustment for SBP only 
essentially altered the associations of dairy consumption with 
ICH (from 17% to 12%) and cardiovascular death (from 10% to 
6%), but not others (Supplemental Table 2).

The positive association between consumption of dairy 
products and risk of IHD was more pronounced in females than 
in males (HR = 1.15 in females compared with 1.06 in males for 
regular compared with nonconsumers, P heterogeneity = 0.03), but 
no such sex difference was observed in the associations of dairy 
consumption with other disease outcomes (Figure 2). In addi-
tion, stratified analyses by study area showed dairy consump-
tion to be inversely associated with diabetes risk in urban areas,

but positively associated in rural areas (Supplemental Figure 8). 
No such pronounced differences were found in associations of 
dairy consumption with other CVD endpoints (Supplemental 
Figure 8 and Supplemental Figure 9). Furthermore, region-
specific analysis on diabetes found that the inverse association 
between dairy consumption and diabetes risk in urban areas was 
mainly driven by data from Suzhou [HR per 50 g/d dairy intake
= 0.86 (0.79, 0.94)], whereas the positive association in rural 
areas was mainly driven by data from Sichuan and Henan, with 
HRs being 1.18 (1.07, 1.30) and 1.36 (1.19, 1.55), respectively, 
for each 50 g/d increase in usual dairy intake (Figure 3).

The associations of dairy intake with risks of acute MI, ICH, 
and cardiovascular death tended to be inverse in almost all of 
the subgroups by baseline factors, with no statistically signifi-
cant heterogeneities (Bonferroni-corrected P <0.001 = 0.05/63 
subgroup analyses) being observed (Supplemental 
Figures 10–12). However, the positive association of dairy 
intake with IHD risk was more pronounced in never regular

FIGURE 1. Associations of dairy intake with 225 NMR circulating metabolites and derived traits at baseline survey (2004–2008). (A) Bubble 
heatmap showing the associations of dairy intake [consumers (n = 1510) compared with nonconsumers (n = 4543)] with metabolomic markers. 
Negative log10 P values represent the FDR-corrected P values, and the size of the bubble is inversely proportional to the P value, indicating the 
strength of association (smaller P values correspond to larger bubbles). The color gradient represents the magnitude and direction of the as-
sociations, with red indicating positive associations and blue indicating negative associations. The intensity of the color corresponds to the 
magnitude of the effect: darker shades signify stronger associations, whereas lighter shades approach neutrality. White represents a neutral or 
zero effect. (B) Volcano plot showing the top dairy-associated metabolites. The x-axis represents the effect size of the association between dairy 
(consumers vs. nonconsumers) and the metabolites, whereas the y-axis indicates the negative log10 P values (FDR-corrected values). Red dots 
denote positive FDR-corrected associations, blue dots denote negative FDR-corrected associations, and grey dots denote nonsignificant associ-
ations. Values of circulating metabolites were standardized and analysis was adjusted for age (continuous), age 2 (continuous), sex (dichotomous), 
region (10 regions), fasting time (continuous), batch number (3 categories), education (4 categories), income (4 categories), smoking (4 cate-
gories), alcohol consumption (4 categories), total physical activity (continuous), family history of CVD (dichotomous) and consumption of fresh 
fruit (5 categories), red meat (4 categories), poultry (3 categories), fish (4 categories) and eggs (4 categories) and BMI (continuous). Inverse 
probability of sampling weighting was used to account for the ascertainment status of the participants. Participants with prevalent CVD, diabetes, 
or cancer were excluded from the analysis. APOA1, apolipoprotein A-I; APOB apolipoprotein B; APOB:APOA1, ratio of apolipoprotein B to 
apolipoprotein A-I; CVD, cardiovascular disease; FDR, false-discovery rate; IDL, intermediate-density lipoprotein; L, large; M, medium; S, small; 
VL, very large; VS, very small; XL, extra large.
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alcohol drinkers and people with lower annual household 
income status (P heterogeneity or trend <0.001, respectively; 
Supplemental Figure 13). The observed associations 
remained essentially unchanged across various sensitivity 
analyses with further exclusions and adjustments (Supplemental 
Table 3).

Discussion

In this comprehensive study involving a large number of 
Chinese adults with relatively low dairy intake, higher dairy 
consumption was associated with higher risk of IHD but with 
lower risks of diabetes, acute MI, IS, ICH, and cardiovascular 
death, with regular consumption (compared with no consump-
tion) being associated with HRs of 1.09, 0.89, 0.89, 0.94, 0.68, 
and 0.81, respectively, before adjusting for BMI. However, after 
additional adjustment for BMI, the overall association with 
diabetes was attenuated to null, whereas the associations with 
CVD outcomes remained largely unchanged. Besides an inverse 
association with BMI, dairy intake was also inversely associated 
with SBP and DBP. Nonetheless, the prospective associations 
observed were largely independent of SBP, suggesting the 
involvement of other mechanisms through which dairy

consumption could influence CVD risks. The blood biomarkers 
including ALB, triglycerides, small LDL particles, and total 
cholesterol and cholesterol esters in small HDL might also play a 
role in the mechanisms underlying the association between 
dairy consumption and CVD risk.

Consistent with previous studies in China [18,29,30], we 
observed noteworthy differences in patterns of dairy intake by 
sex, age, and rural/urban residence, with much higher intake 
among urban areas than in rural areas. In addition, as reported 
previously [31], dairy intake in China [18] has been rising in the 
past decades, although it still remains much lower than in the 
West [16,32]. All these likely suggest that socioeconomic status 
and availability of dairy products [13,29,33,34] might be the 
main determinants of dairy consumption, rather than lactase 
persistence [35].

Our findings of the inverse association between dairy con-
sumption and BMI, as well as blood pressure, align with previous 
research in Chinese populations [36–38] and previous 
meta-analyses of cohort studies [6,39]. The inverse association 
with BMI might be partly due to the protein content in dairy 
products that can enhance satiety and reduce overall caloric 
intake [40]. Moreover, the potential impacts of dairy products on 
blood pressure regulation might be partially attributed to

TABLE 2
Adjusted HRs of major cardiometabolic diseases 1 associated with dairy intake 2

Cardiometabolic 
disease type

Dairy products intake P-trend HR (95% CI) per
50 g/d of usual 
dairy intake

Never/rarely Monthly 1–3 d/wk ≥4 d/wk

Diabetes
No. of events 12,855 1744 1347 1718
Model 1 3 1.00 (0.97, 1.03) 0.99 (0.95, 1.04) 0.97 (0.92, 1.02) 0.89 (0.85, 0.94) 0.0005 0.95 (0.92, 0.98)
Model 2 4 1.00 (0.97, 1.03) 1.04 (0.99, 1.09) 1.04 (0.98, 1.10) 1.00 (0.95, 1.06) 0.50 1.01 (0.98, 1.04)

Heart disease 
IHD
No. of events 20,781 4031 3485 5649
Model 1 3 1.00 (0.98–1.02) 1.05 (1.02, 1.08) 1.08 (1.04, 1.11) 1.09 (1.06, 1.12) <0.0001 1.05 (1.03, 1.07)
Model 2 4 1.00 (0.98, 1.02) 1.05 (1.02, 1.09) 1.09 (1.05, 1.13) 1.11 (1.08, 1.15) <0.0001 1.06 (1.04, 1.08)

Acute MI
No. of events 2699 472 271 446
Model 1 3 1.00 (0.95, 1.05) 1.03 (0.94, 1.13) 0.93 (0.82, 1.05) 0.89 (0.80, 0.98) 0.05 0.93 (0.88, 0.99)
Model 2 4 1.00 (0.95, 1.05) 1.03 (0.94, 1.13) 0.92 (0.81, 1.04) 0.88 (0.80, 0.98) 0.04 0.93 (0.88, 0.99)

Stroke
IS
No. of events 22,332 4208 2883 4247
Model 1 3 1.00 (0.98, 1.02) 1.04 (1.01, 1.07) 0.99 (0.95, 1.03) 0.94 (0.91, 0.97) 0.006 0.97 (0.95, 0.99)
Model 2 4 1.00 (0.98, 1.02) 1.05 (1.01, 1.08) 1.00 (0.96, 1.04) 0.96 (0.93, 0.99) 0.13 0.98 (0.96, 1.00)

ICH
No. of events 5693 724 357 417
Model 1 3 1.00 (0.96, 1.04) 0.92 (0.85, 0.98) 0.85 (0.76, 0.95) 0.68 (0.61, 0.75) <0.0001 0.83 (0.78, 0.87)
Model 2 4 1.00 (0.96, 1.04) 0.92 (0.86, 0.99) 0.86 (0.77, 0.95) 0.69 (0.62, 0.76) <0.0001 0.83 (0.79, 0.88)

Cardiovascular death 
No. of events 10,030 1465 693 1026
Model 1 3 1.00 (0.97, 1.03) 0.99 (0.94, 1.04) 0.88 (0.82, 0.95) 0.81 (0.76, 0.87) <0.0001 0.90 (0.87, 0.93)
Model 2 4 1.00 (0.97, 1.03) 0.99 (0.94, 1.04) 0.89 (0.82, 0.96) 0.82 (0.77, 0.87) <0.0001 0.90 (0.87, 0.94)

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; IHD, ischemic heart disease; HR, hazard ratio; ICH, intracerebral hemorrhage; 
IS, ischemic stroke; MI, myocardial infarction.
1 Events of IHD, acute MI, ICH, and IS were censored for each other.
2 Analysis was performed among 461,047 participants with no prior self-reported history of CVD, diabetes or cancer at baseline.
3 Model 1: analysis was stratified by age-at-risk (continuous variable), sex (dichotomous variable) and individual regions (10 regions) and were 

adjusted for baseline age (continuous), education (4 categories), income (4 categories), smoking (4 categories), alcohol consumption (4 cate-
gories), total physical activity (continuous variable), family history of CVD (dichotomous variable), consumption of fresh fruit (5 categories), red 
meat (4 categories), poultry (3 categories), fish (4 categories), and eggs (4 categories).
4 Model 2: as for model 1, additionally adjusted for BMI (continuous variable).
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minerals, such as calcium and potassium, and bioactive peptides 
in dairy products, which have been shown to have antihyper-
tensive properties [41,42]. Mendelian randomization (MR) 
studies, however, showed a positive association between genet-
ically predicted milk intake and BMI [43,44], and a nonsignifi-
cant association between milk intake and blood pressure [45], 
with the majority of these studies being conducted in Western 
populations. Among the Chinese population and in CKB, >99% 

of the individuals have the lactase nonpersistence genotype [15, 
35], limiting therefore the possibility of conducting MR analysis 
to confirm/refute the causal role of dairy intake in health, for 
example, body weight and blood pressure management.

The null association between dairy consumption and dia-
betes after adjustment for BMI in our study is somewhat in line

with the evidence from a prospective study in China, which 
included 22,843 participants (735 incident diabetes cases), 
where the associations of total dairy, milk, and yogurt with 
diabetes incidence were attenuated by additionally adjusting for 
BMI [46]. This finding and the results from previous prospective 
studies conducted in Europe [47,48] suggest a strong 
confounding and/or mediating role of BMI in diet–diabetes 
association, and more particularly in the association with dairy 
intake. A recent systematic review of 6 MR studies in Western 
populations also revealed a null association between milk 
intake and diabetes risk, highlighting the potential confounding 
effect that BMI and lipid metabolism have on the genetic 
variant–diabetes association [49]. However, we cannot clearly 
explain the significant, but in opposite direction, associations

FIGURE 2. Associations of usual dairy intake (g/d) with incidence of (A) diabetes, (B) IHD, (C) acute MI, (D) IS, (E) ICH, and (F) cardiovascular 
death, by sex. Events of IHD, acute MI, IS, and ICH were censored for each other. Analysis was stratified by age-at-risk (continuous), sex 
(dichotomous), and region (10 regions) and were adjusted for baseline age (continuous), education (4 categories), income (4 categories), smoking 
(4 categories), alcohol consumption (4 categories), total physical activity (continuous), family history of CVD or diabetes (dichotomous), con-
sumption of fresh fruit (5 categories), red meat (4 categories), poultry (3 categories), fish (4 categories) and eggs (4 categories) and BMI 
(continuous). The y-axis was plotted on a log scale with the lowest intake group as a reference category. The squares represent HRs with the size 
being inversely proportional to the variance of the log of HR, and the vertical lines represent 95% CIs. The numbers next to the squares are point 
estimates for HRs. Solid squares represent males and open squares represent females. CI, confidence interval; CM, chylomicrons; CVD, cardio-
vascular disease; HR, hazard ratio; ICH, intracerebral hemorrhage; IHD, ischemic heart disease; IS, ischemic stroke; MI, myocardial infarction.
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between dairy consumption and diabetes risk after adjusting for 
BMI in 3 of 10 CKB study areas. This could be a chance finding or 
due to some unknown factors, for example, gut microbiota 
variations. For instance, a previous study in China showed that

the residential area of participants had the strongest impact on 
associations between gut microbiome composition and meta-
bolic diseases [50]. In addition, the observed geographic het-
erogeneity may partly reflect regional differences in the types of 
dairy products consumed, which could not be examined in the 
present study. Future gut microbiome studies and more detailed 
intake assessment of various types of dairy products in CKB 
would provide more insights into the distinct association be-
tween dairy intake and diabetes across different regions.

The observed inverse association between dairy intake and 
risk of acute MI in the current study is in line with rather limited 
previous evidence from a Swedish cohort study [51], although 
the dairy intake examined in this study was specified to be fer-
mented dairy intake. Nonetheless, a recent meta-analysis of 6 
prospective cohort studies from the United States, Europe, and 
Iran (16,478 cases) reported that higher consumption of high-fat 
milk was associated with a higher risk of coronary artery disease 
(CAD) [11], which is consistent with the positive association 
between dairy intake and IHD risk observed in our study. 
However, the same meta-analysis and another recent 
meta-analysis have also reported moderate inverse associations 
of cheese intake (7 cohort studies with 14,698 cases) [11] and of 
total dairy consumption (24 risk estimates from cohort studies in 
United States, Europe, and Asia with 34,248 cases) [6] with risk 
of CAD, respectively. Furthermore, another recent prospective 
study in China observed no association with milk intake and IHD 
risk [52]. Therefore, there is still no consistent global evidence 
on the potential role of dairy consumption in IHD development. 
The observed effect modifications by sex and annual household 
income in our study, as well as the opposite associations of dairy 
consumption with acute MI and IHD, suggest that the inconsis-
tent associations reported in the literature might stem from re-
sidual confounding by sociodemographic factors and from 

differences in IHD outcome definition.
Fewer number of studies have investigated the association 

between dairy intake and stroke subtypes (ischemic and ICH). A 
large prospective study of 9 European countries [8] and a 
meta-analysis (combining the results from 3 cohort studies from 

Europe and North America with 3691 cases) [11] have reported 
a moderate inverse association between milk intake and IS risk, 
that is, 4%–7% lower risk per 200 g/d higher milk intake, 
whereas others have found no significant association [7,53]. 
Although the inverse association observed in our study was 
attenuated to be only borderline significant after adjusting for 
BMI, the strength of association (i.e., 2% lower risk per 50 g/d 
intake) was similar to those of the previous studies. With respect 
to ICH risk, we found a much stronger inverse association with 
dairy consumption, compared with the findings of another 
recent Chinese study (664 hemorrhagic stroke cases), which 
showed that there was a 14% lower risk per 100 g/d higher milk 
intake [52]. Furthermore, vegans (not consuming any animal 
foods including dairy) in EPIC-Oxford study had a higher risk of 
hemorrhagic stroke than meat eaters (consuming all animal 
foods), which somewhat aligns with our results, although the 
estimates were not statistically significant due to the very small 
number of cases (173 and 8 hemorrhagic stroke cases in meat 
eaters and vegans, respectively) [54].

The inverse association of dairy consumption with cardio-
vascular death (30.6% due to ICH) is consistent with, but much 
stronger than the 7% lower risk of CVD mortality for highest

FIGURE 3. Adjusted HRs (95% CIs) for diabetes per 50 g/d of usual 
dairy intake by region. Analysis was stratified by age-at-risk 
(continuous), sex (dichotomous), and region (10 regions) and were 
adjusted for baseline age (continuous), education (4 categories), in-
come (4 categories), smoking (4 categories), alcohol consumption (4 
categories), total physical activity (continuous), family history of 
diabetes (dichotomous), consumption of fresh fruit (5 categories), red 
meat (4 categories), poultry (3 categories), fish (4 categories) and 
eggs (4 categories) and BMI (continuous). Overall HR per 50 g/ 
d usual dairy intake after correcting for regression dilution bias. Black 
squares represent HRs (size is inversely proportional to the variance 
of the log of HR); horizontal lines represent 95% CIs; white diamonds 
represent overall HRs (95% CIs); “No of events” refers to the number 
of incident diabetes events in each group; the subscript numbers in 
the Chi-square values represent the degrees of freedom. CI, confidence 
interval; Het, heterogeneity; HR, hazard ratio.
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compared with lowest total dairy consumption, which was 
previously reported in a meta-analysis of 16 cohort studies 
(29,359 CVD mortality cases) [55]. Two prospective studies 
with Chinese adults also reported an inverse association of milk 
intake with CVD mortality risk [52,56].

Several mechanisms may underlie the mostly inverse asso-
ciations between dairy intake and CVD subtypes observed in the 
current study, which were largely independent of adiposity and 
blood pressure. First, the higher ALB levels in dairy consumers 
compared with nonconsumers may explain at least partially the 
observed inverse associations. Previous studies have found that 
plasma ALB levels were inversely associated with the incidence 
of various CVD types [57] and MR studies demonstrated that 
genetically determined low serum ALB concentration was 
associated with increased risks of certain CVDs, including stroke 
[58] and hypertension [59]. Second, dairy consumption was 
associated with lower plasma levels of total cholesterol and 
cholesterol esters in small HDL. Previous studies have shown 
that smaller HDL particles are associated with a higher CVD risk, 
whereas larger HDL particles are associated with a lower CVD 
risk [60]. Third, dairy intake was inversely associated with 
concentration of total cholesterol and cholesterol esters in small 
and very small VLDL, which have been reported to be markers of 
residual atherosclerotic CVD risk [61]. A reduction in small 
VLDL could be associated with a reduction in residual athero-
sclerotic CVD risk, independent of changes in LDL cholesterol 
levels [61]. Lastly, additional mechanisms potentially underly-
ing the observed inverse dairy-CVD associations might involve 
vitamin B12 [62], essential amino acids [63], calcium, potas-
sium, and bioactive peptides [41] contained in dairy products 
and the beneficial alterations in the gut microbiome associated 
with higher milk intake [64]. However, the evidence gap is still 
large and further studies (including MR studies to establish 
causality of associations) are needed to better understand these 
associations. Such knowledge would also help us to interpret the 
conflicting findings in dairy consumption with blood tri-
glycerides (positive) and CVD risk (largely inverse) in the cur-
rent study, as available evidence generally supports that blood 
levels of triglycerides are a risk factor for CVD conditions [65].

Strengths of this study include its large sample size, pro-
spective design, long follow-up period, comprehensive adjust-
ment for a wide range of potential confounders and 
investigating the potential impact of reverse causality. The use 
of repeated measurements for the dairy intake also allowed us to 
account for regression dilution bias. Additionally, our study 
population had relatively low dairy consumption compared 
with Western populations, which could enhance the generaliz-
ability of our findings to other populations with low dairy 
intake, for example, some vegetarians such as ovo-vegetarians 
and East Asian populations. However, several limitations 
should be considered. First, the study's dietary data at baseline 
were based only on a rather crude frequency questionnaire 
collecting information on consumption of major food groups 
rather than individual food items, limiting the ability to adjust 
for specific nutrients and total energy intake. Second, the asso-
ciations between intake of different types of dairy products (i.e., 
milk, yogurt, and other dairy products) and cardiometabolic 
disease risk could not be reliably assessed, because this infor-
mation was only available among a subset of CKB participants 
who attended the second resurvey in 2013–2014. Therefore, the

sample size is relatively small (n ~20,000), and the follow-up 
duration is short (i.e., mean ~4 y of follow-up). Third, the 
observed cross-sectional association between dairy consumption 
and biomarkers (particularly NMR metabolites) was of very 
weak strength. Such findings need to be interpreted with caution 
as the differences in dairy consumers and nonconsumers may 
also reflect the dairy-independent differences between lactase 
persistent and lactase nonpersistent individuals [15]. Lastly, 
residual confounding cannot be ruled out, despite adjusting for a 
wide range of covariates in our analysis, and thus causality of 
associations could not be robustly established.

In conclusion, our study in a large sample of Chinese adults 
with relatively low dairy (mainly milk and yogurt) intake 
showed that a higher consumption of dairy products was asso-
ciated with a higher risk of IHD but lower risks of acute MI, ICH, 
and cardiovascular death independent of adiposity and blood 
pressure. Future studies are warranted to further elucidate these 
relationships and their causality, investigate the impact of spe-
cific dairy products (e.g., milk, cheese, and yogurt) on various 
cardiometabolic outcomes and to explore the underlying 
mechanisms in greater detail. These findings, in combination 
with future research, might inform dietary recommendations 
aimed at improving cardiovascular health in China, where the 
levels of dairy intake are low but increasing.
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