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ABSTRACT

BACKGROUND/OBJECTIVES: Unhealthy dietary behaviors constitute one of risk the 
factors for chronic and cardiovascular diseases, which are prevalent in middle-aged and 
older populations. Milk and dairy products are high-quality foods and important sources 
of calcium. Calcium protects against osteoporosis and cardiovascular disease. Therefore, 
this study investigated the association of milk and dairy product consumption with cardio-
cerebrovascular disease incidence in middle-aged and older Korean adults.
SUBJECTS/METHODS: Data were derived from the Ansan–Anseong cohort study, and a 
total of 8,009 individuals aged 40–69 years were selected and followed up biennially. Cox 
proportional hazard models were used to examine the association of milk and dairy product 
consumption with cardio-cerebrovascular disease incidence.
RESULTS: During a mean follow-up period of 96.5 person-months, 552 new cases of cardio-
cerebrovascular disease were documented. Milk consumers (< 1 serving/day) exhibited a 23% 
lower risk of cardio-cerebrovascular disease incidence than non-milk consumers (hazard 
ratio [HR], 0.77; 95% confidence interval [CI], 0.61–0.97; P for trend = 0.842). High yogurt 
consumption was associated with a 29% lower incidence risk (≥ 0.5 servings/day vs. none: 
HR, 0.71; 95% CI, 0.53–0.96; P for trend = 0.049), whereas high ice cream consumption was 
associated with a 70% higher risk of cardio-cerebrovascular disease incidence (≥ 0.5 servings/
day vs. none: HR, 1.70; 95% CI, 1.01–2.88; P for trend = 0.070).
CONCLUSIONS: This study indicates that less than one serving of milk and high yogurt 
consumption are associated with a lower cardio-cerebrovascular disease risk in the middle-
aged and older populations.
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INTRODUCTION

Cardio-cerebrovascular disease is a term that encompasses cardiovascular and 
cerebrovascular diseases. Cardiovascular diseases are coronary artery diseases, such as 
including myocardial infarction and angina pectoris. Cerebrovascular diseases include 
stroke and cerebral infarction. These diseases often co-occur via the interaction of multiple 
common risk factors, resulting in an increased prevalence and mortality [1].

According to the World Health Organization (WHO), ischemic heart disease ranked first and 
stroke second as the leading causes of death worldwide in 2020 [2]. Globally, cardiovascular 
disease mortality increased by 12.5% from 2005 to 2015, and disease severity increased as 
well [3]. Cardio-cerebrovascular disease has emerged as a serious health problem worldwide. 
In particular, the high socio-economic burden posed by cardiovascular diseases is increasing 
in Korea due to an aging society. Effective strategies are urgently required for disease control 
and prevention, considering the substantial cardio-cerebrovascular disease burden in Korea.

The WHO suggests unhealthy eating behaviors, lack of physical activity, smoking, and 
excessive alcohol consumption as risk factors for cardio-cerebrovascular disease. Among 
them, dietary factors constitute one of the modifiable risk factors [4]. Health problems, such 
as chronic diseases, often commence in early-middle and older age. Therefore, customizing 
nutritional management to decelerate aging and disease progression and prevent cardio-
cerebrovascular disease development in necessary.

Milk is a major source of calcium, and it is rich in nutrients, including protein, vitamins 
B2 and B12, riboflavin, and potassium. High consumption of milk and dairy products has 
been reported to lower the risk of metabolic syndrome and cardio-cerebrovascular disease 
due to their high calcium content, which reduces blood pressure [5]. It has reported that 
calcium reduced calcitriol and fat production levels by regulating the leptin and glucagon-
like peptide-1 signaling, thereby ameliorated cardiovascular disease risk [6]. In addition, 
cardiovascular disease risk is low in Korean adult women with high calcium intake [7].

Various meta-analyses have reported that the consumption of milk and dairy products 
reduces the risk of various diseases, such as obesity, metabolic syndrome, and cardio-
cerebrovascular disease [8-11]. Most previous studies investigating the association of 
milk and dairy product consumption with metabolic disease among Korean populations 
followed a cross-sectional study design [12,13]. A cross-sectional study on milk intake and 
cardiovascular disease risk in Koreans was recently conducted [14]. Studies analyzing the 
efficacy of intervention studies on cardio-cerebrovascular disease suggested that longer 
follow-up periods were necessary to determine the ability of these intervention to reduce 
disease incidence and mortality [15]. Furthermore, a United Kingdom Biobank-based large 
population cohort study reported a negative association between cardiovascular disease 
outcome and the consumption of various types of milk [16]. Although a large-scale cohort 
study on milk and dairy product consumption in Korea found an association with metabolic 
syndrome [17], evidence regarding the association of milk and dairy product consumption 
with cardio-cerebrovascular disease risk based on large-scale, long-term longitudinal studies 
in Korea is limited. Therefore, this study utilized community-based cohort data to elucidate 
the association of milk and dairy product consumption with cardio-cerebrovascular disease 
incidence in middle-aged and older Korean adults.
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SUBJECTS AND METHODS

Study population
The research data were collected from the Ansan–Anseong cohort study (community-based 
cohort), a Korean Genome and Epidemiology Study (KoGES) conducted by the Korea 
Disease Control and Prevention Agency. The KoGES was conducted in 2001 and designed 
to investigate the effects of lifestyle, diet, and environmental factors on the chronic disease 
incidence in small and medium-sized cities and rural residents [18].

In brief, a baseline examination was conducted in 2001–2002, involving 10,030 adults aged 
40–69 years who resided in Ansan (urban region) or Anseong (rural region) [18]. Seven 
follow-up examinations were conducted in 2003–2004, 2005–2006, 2007–2008, 2009–2010, 
2011–2012, 2013–2014, and 2015–2016. Of the 10,030 participants, those who (1) had no 
information regarding cardio and cerebrovascular disease, were taking related medications, 
and refused to participate in follow-up examinations (n = 1,205); (2) had cardiocerebrovascular 
disease at baseline (n = 264); (3) had a history of cancer (n = 204); (4) did not complete the 
food frequency questionnaires (FFQ) at baseline and during follow-up examinations (n = 
77); (5) or had an implausible energy intake (< 500 kcal/day or > 5,000 kcal/day, n = 271) were 
excluded at baseline. Thus, 8,009 participants were included in the final analysis (Fig. 1).
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Individuals who participants
in Ansan (urban) and Anseong (rural) study

n = 10,030

n = 10,030

No information of cardio and cerebrovascular disease or
those taking related medications (n = 0)

n = 8,825

Refused to participate in the follow-up examinations
(n = 1,205)

n = 8,561

Had the cardio and cerebrovascular disease at baseline
(n = 264)

n = 8,357

With a history of cancer
(n = 204)

Study population
n = 8,009

Not complete the FFQ (n = 77) and with an implausible
energy intake (< 500 kcal/day or > 5,000 kcal/day, n = 271)

Fig. 1. Sampling process of study population of Ansan and Anseong study. 
FFQ, food frequency questionnaires.



The observation period for individuals who reported any diagnosis or treatment of cardio-
cerebrovascular disease during the follow-up was defined as the time between the baseline 
examination and the date of the first cardio-cerebrovascular disease diagnosis. The 
observation period for participants who did not develop cardiovascular disease during the 
follow-up period was considered the period from the date of entry into the baseline study 
to the date of the final follow-up visit. This study was approved by the Institutional Review 
Board of Ewha Womans University (No. ewha-202007-0004-01).

Dietary assessment
Dietary information was extracted at baseline by trained dietitians using a validated FFQ [19]. 
The frequency of milk and dairy product consumption was determined by calculating the 
number of servings per day. One serving was equal to 200 mL of milk, 120 mL of yogurt, 120 
g of ice cream, and 20 g of cheese [20].

For analysis, milk and dairy product consumption were converted to daily frequency 
based on the reported portion size of each food. According to the 2020 Dietary Reference 
Intakes for Koreans, adults aged 19–64 years are recommended to consume milk and dairy 
products once a day [21]. In this study, the frequency of milk consumption was established 
based on one serving per day. However, since dairy consumption is often lower than milk 
consumption, the frequency of dairy product consumption was established based on 0.5 
servings per day. Therefore, milk consumption was categorized into 3 groups (none, < 1 
serving/day, and ≥ 1 serving/day), and dairy product consumption (yogurt, ice cream, and 
cheese) was also categorized into 3 groups (none, < 0.5 servings/day, and ≥ 0.5 servings/day).

General characteristics
A questionnaire was administered to extract data on general characteristics, such as age, sex, 
residential area, education level, household income, and lifestyle variables, including current 
smoking status, current alcohol intake, and physical activity level, at each examination visit. 
Education and income levels were reclassified from a total of 8 categories into 4 categories, 
considering ease of interpretation and participant- response distribution. Educational 
level was categorized into 4 groups: elementary school graduation or lower, middle school 
graduation, high school graduation, and college graduation or higher. Average monthly 
household income was also categorized into 4 groups, ranging from < 1,000,000 KRW to 
≥ 4,000,000 KRW. Physical activity was evaluated using metabolic equivalent tasks (METs) 
hours per day. After establishing a MET value for each level of physical activity, the MET 
value for each physical activity level was calculated [20]. The MET is a method of displaying 
physical activity intensity according to the type of physical activity, and 1 MET indicates that 
3.5 mL of oxygen was consumed per minute during a break per 1 kg of body weight [22,23]. 
Disease History was confirmed in those who answered “yes” regarding a previous diagnosis 
of hypertension, diabetes, or dyslipidemia. Moreover, energy, carbohydrate, fat, protein, and 
calcium intakes are presented as mean daily intakes.

Definition of the cardio-cerebrovascular disease
Cardio-cerebrovascular disease refers to a disease affecting to the heart and blood vessels, 
and it has been reported to be highly associated with an increased risk of thrombosis caused 
mainly by fatty deposits in the cardiovascular and cerebrovascular vessels [24]. In this study, 
cardio-cerebrovascular disease was defined as a general term for (1) cardiovascular diseases, 
including myocardial infarction, angina pectoris, congestive heart failure, and coronary 
artery disease, and (2) cerebrovascular diseases, including stroke. Cardio-cerebrovascular 
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disease was confirmed based on the self-reporting of newly diagnosed myocardial infarction, 
congestive heart failure, coronary artery disease, or cerebrovascular disease or taking of 
anticoagulants or stroke medication during the biennial follow-up examinations. The 
concordance between self-reported disease diagnoses and those confirmed by medical record 
review has been reported to reach 93% [25].

Statistical analysis
Among the baseline characteristics, categorical variables are presented as percentages, 
and they were analyzed using the χ2 test, whereas continuous variables are presented as 
the mean ± SD, and P-values for trends were derived from general linear model analysis. In 
this study, analyses were performed after assuming a proportional risk model via survival 
analysis (Kaplan-Meier). Cox’s proportional hazard models were used in survival analysis to 
calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) for the risk of cardio-
cerebrovascular disease incidence during the follow-up period according to milk and dairy 
product consumption. Three covariate models were stratified and systemically analyzed 
to account for bias caused by confounding variables via Cox proportional hazard models. 
Potential confounding variables were identified from previous studies [26-29]. Model 1 was 
adjusted for age and sex and Model 2 was additionally adjusted for residential area, education 
level, household income, current smoking status, current alcohol intake, regular exercise, 
body mass index (BMI), and history of diseases. Model 3 was further adjusted for total energy 
intake (kcal/day), carbohydrate, fat, and protein intakes (g/d) and Ca intake (mg/d). SPSS 
25.0 (IBM SPSS Statistics for Windows Version 25.0; IBM-SPSS, Inc., Chicago, IL, USA) was 
used for all statistical analyses, and statical significance was set at P-value < 0.05.

RESULTS

Characteristics of the subjects according to milk consumption
The general characteristics of the study participants according to milk consumption 
are presented in Table 1. Compared with non-milk consumers, milk consumers tended 
to be younger and reside in Ansan (urban) (P < 0.001). Frequent milk consumers had 
higher education and income levels, were less likely to smoke, and had a higher alcohol 
consumption (P < 0.001). Physical activity MET values were highest in non-milk consumers 
(P = 0.001). The higher the milk consumption, the lower the rates of hypertension and 
diabetes (P = 0.001). The more frequent the milk consumption, the higher the daily total 
energy, carbohydrates, fat, protein, and calcium intakes (P < 0.001).

Characteristics of the subjects according to dairy product consumption
The general characteristics of the study participants according to dairy product consumption 
are presented in Table 2. Participants with higher dairy product consumptions tended to be 
younger, female, Ansan residents (urban) (P < 0.001). Compared with non-dairy product 
consumers, dairy product consumers had higher education and income levels (P < 0.001). 
Participants with higher levels of dairy product consumption were less likely to be current 
smokers (P < 0.001), consume alcohol (P = 0.019), and be physically active (P < 0.001). The 
more dairy products consumed, the less hypertension and diabetes reported (P = 0.001). The 
higher the dairy product consumption, the higher the daily total energy, carbohydrate, fat, 
protein, and calcium intakes (P < 0.001).
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Association between milk consumption and the risk of the cardio-
cerebrovascular disease incidence
The association between milk consumption and the risk of the cardio-cerebrovascular disease 
incidence is presented in Table 3. Milk consumers (< 1 serving/day) exhibited a 19% lower 
risk of cardio-cerebrovascular disease incidence than non-milk consumers after adjusting for 
confounders such as age and sex (HR, 0.81; 95% CI, 0.67–0.98). After adjusting for potential 
confounders, including age, sex, residential area, education level, household income, current 
smoking status, current alcohol intake, physical activity level, BMI, disease history, total 
energy intake, carbohydrate intake, fat intake, protein intake and Ca intake, individuals 
consuming < 1 serving of milk per day had a 23% lower risk of cardio-cerebrovascular disease 
incidence than non-milk consumers (HR, 0.77; 95% CI, 0.61–0.97).

Association between dairy product consumption and the risk of cardio-
cerebrovascular disease incidence
The association between dairy product consumption and the risk of cardio-cerebrovascular 
disease incidence are presented in Table 4. Yogurt consumers (≥ 0.5 servings/day) had a 
24% lower risk of cardio-cerebrovascular disease incidence than non-yogurt consumers after 
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Table 1. General characteristics of study participants at baseline according to milk consumption in Ansan and Anseong cohort study
Characteristics Milk consumption (serving/day)1) P-value2)3)

None < 1 ≥ 1
No. of participants 3,112 (38.9) 3,237 (40.4) 1,660 (20.7)
Age (yrs) 53.75 ± 9.16 50.56 ± 8.30 52.06 ± 8.68 < 0.001
Sex < 0.001

Men 1,467 (47.1) 1,686 (52.1) 706 (42.5)
Women 1,645 (52.9) 1,551 (47.9) 954 (57.5)

Residential area < 0.001
Ansan (urban) 1,270 (40.8) 1,689 (52.2) 892 (53.7)
Anseong (rural) 1,842 (59.2) 1,548 (47.8) 768 (46.3)

Educational level < 0.001
Elementary school graduation or lower 1,344 (43.5) 818 (25.3) 468 (28.4)
Middle school graduation 639 (20.7) 781 (24.2) 412 (25.0)
High school graduation 798 (25.9) 1,104 (34.2) 520 (31.6)
College graduation or higher 306 (9.9) 524 (16.2) 248 (15.0)

Household income (KRW/month) < 0.001
< 1,000,000 1,344 (43.9) 902 (28.3) 514 (31.4)
1,000,000–1,999,999 820 (26.8) 991 (31.0) 502 (30.6)
2,000,000–3,999,999 704 (23.0) 1,030 (32.3) 484 (29.5)
≥ 4,000,000 196 (6.4) 269 (8.4) 139 (8.5)

Current smoking status (yes) 841 (27.2) 831 (25.9) 361 (21.9) < 0.001
Current alcohol intake (yes) 1,368 (44.2) 1,685 (52.2) 786 (47.5) < 0.001
MET-h/d4) 24.87 ± 15.55 23.42 ± 14.76 24.07 ± 14.81 0.001
BMI (kg/m2) 24.65 ± 3.18 24.61 ± 2.97 24.36 ± 3.07 0.018
History of disease (yes)

Hypertension 526 (16.9) 414 (12.8) 234 (14.1) < 0.001
Diabetes 173 (5.6) 204 (6.3) 139 (8.4) 0.001
Dyslipidemia 68 (2.2) 84 (2.6) 38 (2.3) 0.544

Total energy intake (kcal/d) 1,824.77 ± 591.74 1,957.73 ± 611.32 2,163.62 ± 670.32 < 0.001
Carbohydrate intake (g/d) 332.25 ± 105.77 343.38 ± 105.91 367.07 ± 115.18 < 0.001
Fat intake (g/d) 26.26 ± 16.56 33.09 ± 17.72 41.26 ± 20.03 < 0.001
Protein intake (g/d) 59.42 ± 24.47 66.67 ± 25.50 77.27 ± 28.27 < 0.001
Ca intake (mg/d) 363.75 ± 193.74 457.70 ± 216.81 717.46 ± 277.69 < 0.001
Values are presented as number (%) or mean ± SD.
MET, metabolic equivalent of task; BMI, body mass index.
1)One serving is equal to 200 mL of milk.
2)P-values are derived from χ2 test for categorical variables.
3)P for trends are derived from general linear model analysis for continuous variables.
4)Physical activity level is calculated as MET-h/day.



adjusting for age and sex (HR, 0.76; 95% CI, 0.59–0.96, P for trend = 0.030). After further 
adjusting for potential confounders, such as age, sex, residential area, education level, 
household income, current smoking status, current alcohol intake, physical activity level, 
BMI, disease history, total energy intake, carbohydrate intake, fat intake, protein intake 

1231https://doi.org/10.4162/nrp.2023.17.6.1225

Milk intake and cardio-cerebrovascular disease

https://e-nrp.org

Table 2. Baseline characteristics of study participants at baseline according to dairy product consumption in Ansan and Anseong cohort study
Characteristics Dairy product consumption (serving/day)1) P-value2)3)

None < 0.5 ≥ 0.5
No. of participants 2,369 (29.6) 5,382 (67.2) 258 (3.2)
Age (yrs) 54.61 ± 8.88 51.04 ± 8.61 51.54 ± 8.42 < 0.001
Sex < 0.001

Men 1,203 (50.8) 2,557 (47.5) 99 (38.4)
Women 1,166 (49.2) 2,825 (52.5) 159 (61.6)

Residential area < 0.001
Ansan (urban) 803 (33.9) 2,925 (54.3) 123 (47.7)
Anseong (rural) 1,566 (66.1) 2,457 (45.7) 135 (52.3)

Educational level < 0.001
Elementary school graduation or lower 1,042 (44.4) 1,525 (28.5) 63 (24.4)
Middle school graduation 559 (23.8) 1,204 (22.5) 69 (26.7)
High school graduation 570 (24.3) 1,771 (33.1) 81 (31.4)
College graduation or higher 177 (7.5) 856 (16.0) 45 (17.4)

Household income (KRW/month) < 0.001
< 1,000,000 1,098 (47.3) 1,592 (29.9) 70 (27.8)
1,000,000–1,999,999 637 (27.4) 1,592 (29.9) 84 (33.3)
2,000,000–3,999,999 480 (20.7) 1,669 (31.4) 69 (27.4)
≥ 4,000,000 107 (4.6) 468 (8.8) 29 (11.5)

Current smoking status (yes) 706 (30.1) 1,273 (23.8) 54 (21.0) < 0.001
Current alcohol intake (yes) 1,143 (48.5) 2,595 (48.4) 101 (39.5) 0.019
MET-h/d4) 26.79 ± 16.00 22.95 ± 14.52 23.82 ± 15.28 < 0.001
BMI (kg/m2) 24.45 ± 3.19 24.61 ± 3.02 24.69 ± 3.04 0.193
History of disease (yes)

Hypertension 401 (16.9) 740 (13.7) 33 (12.8) 0.001
Diabetes 193 (8.2) 314 (5.8) 9 (3.5) < 0.001
Dyslipidemia 52 (2.2) 137 (2.5) 1 (0.4) 0.067

Total energy intake (kcal/d) 1,810.94 ± 596.73 1,979.09 ± 606.60 2,580.98 ± 865.52 < 0.001
Carbohydrate intake (g/d) 328.33 ± 107.01 346.55 ± 105.00 433.75 ± 143.43 < 0.001
Fat intake (g/d) 26.41 ± 16.48 33.70 ± 17.93 51.91 ± 29.25 < 0.001
Protein intake (g/d) 59.34 ± 24.57 67.73 ± 25.60 92.62 ± 38.52 < 0.001
Ca intake (mg/d) 396.82 ± 229.69 490.99 ± 242.37 860.27 ± 388.15 < 0.001
Values are presented as number (%) or mean ± SD.
MET, metabolic equivalent of task; BMI, body mass index.
1)One serving was equal to 120 mL of yogurt, 120 g of ice-cream and 20 g of cheese.
2)P-values are derived from χ2 test for categorical variables.
3)P for trends are derived from general linear model analysis for continuous variables.
4)Physical activity level is calculated as MET-h/day.

Table 3. Hazard ratio (95% confidence intervals) for cardio-cerebrovascular diseases according to milk consumption in Ansan and Anseong cohort study
Characteristics Milk consumption (serving/day) P for trend

None < 1 ≥ 1
No. of participants 3,112 3,237 1,660
No. of cases 248 189 115
Model 11) 1.00 0.81 (0.67–0.98) 0.93 (0.74–1.16) 0.729
Model 22) 1.00 0.77 (0.61–0.97) 0.93 (0.71–1.20) 0.845
Model 33) 1.00 0.77 (0.61–0.97) 0.85 (0.61–1.18) 0.842
Values are presented as hazard ratio (95% confidence interval).
BMI, body mass index.
1)Model 1: age, sex.
2)Model 2: age sex, residential area, educational level, household income, current smoking status, current alcohol intake, physical activity, BMI, and history of 
diseases.
3)Model 3: age sex, residential area, educational level, household income, current smoking status, current alcohol intake, physical activity, BMI, history of 
diseases, total energy intake (kcal/day), carbohydrate, fat, protein intake (g/d) and ca intake (mg/d).



and Ca intake, yogurt consumers (≥ 0.5 servings/day) exhibited a 29% lower risk of cardio-
cerebrovascular disease incidence than non-yogurt consumers (HR, 0.74; 95% CI, 0.53–0.96, 
P for trend = 0.049). No significant associations was noted between ice cream consumption 
and cardio-cerebrovascular disease incidence in Models 1 and 2. However, in the fully-
adjusted model, individuals consuming ≥ 0.5 servings/day of ice cream had a higher risk of 
cardio-cerebrovascular disease incidence than non-consumers (HR, 1.70; 95% CI, 1.01–2.88; 
P for trend = 0.070). No associations were found between cheese consumption and the risk of 
cardio-cerebrovascular disease incidence.

DISCUSSION

In this community-based prospective study involving a 96.5-person-month follow-up period, 
baseline data regarding milk and dairy product consumption and cardio-cerebrovascular 
disease incidence were collected from the KoGES. The results revealed that Korean adults 
consumed milk (< 1 serving/day) and yogurt (≥ 0.5 servings/day) exhibited a lower cardio-
cerebrovascular disease incidence than non-consumers.

Participants who consumed more milk and dairy products were younger and had a higher 
proportion of women. Middle-aged and older people are most likely to consume milk for 
health benefits [30]. Middle-aged women present a greater interest in nutrition and diet [31]. 
The higher the education and income levels of participants, the greater their consumption 
of milk and dairy products. Those of higher socioeconomic status consumed more milk and 
dairy products, exhibiting consistency with the results of a previous community-based cohort 
study [26]. This study demonstrated that the lower the METs, that is the physical activity 
index, the lower the consumption of milk and dairy products. Similar results were yielded 
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Table 4. Hazard ratio (95% confidence intervals) for cardio-cerebrovascular diseases according to yogurt, ice-cream, and cheese consumption in Ansan and 
Anseong cohort study
Characteristics Dairy consumption (serving/day) P for trend

None < 0.5 ≥ 0.5
Yogurt

No. of participants 3,352 3,017 1,640
No. of cases 260 203 89
Model 11) 1.00 0.92 (0.76–1.10) 0.76 (0.59–0.96) 0.030
Model 22) 1.00 0.91 (0.73–1.13) 0.71 (0.54–0.95) 0.027
Model 33) 1.00 0.92 (0.74–1.14) 0.71 (0.53–0.96) 0.049

Ice-cream
No. of participants 4,617 3,093 299
No. of cases 346 184 22
Model 11) 1.00 0.95 (0.79–1.14) 1.22 (0.79–1.89) 0.490
Model 22) 1.00 0.95 (0.76–1.18) 1.47 (0.90–2.38) 0.192
Model 33) 1.00 0.97 (0.78–1.21) 1.70 (1.01–2.88) 0.070

Cheese
No. of participants 6,921 977 111
No. of cases 481 62 9
Model 11) 1.00 1.10 (0.84–1.44) 1.28 (0.66–2.48) 0.432
Model 22) 1.00 1.06 (0.77–1.45) 1.31 (0.61–2.80) 0.472
Model 33) 1.00 1.11 (0.80–1.53) 1.36 (0.63–2.93) 0.411

Values are presented as hazard ratio (95% confidence interval).
BMI, body mass index.
1)Model 1: age, sex.
2)Model 2: age sex, residential area, educational level, household income, current smoking status, current alcohol intake, physical activity, BMI, and history of diseases.
3)Model 3: age sex, residential area, educational level, household income, current smoking status, current alcohol intake, physical activity, BMI, history of diseases, total 
energy intake (kcal/day), carbohydrate, fat, protein intake (g/d) and ca intake (mg/d).



by a study that utilized KoGES data to elucidate the relationship between dairy product 
consumption and metabolic syndrome [26]. Since this community-based cohort used MET 
values, which indicate physical activity intensity rather than regular physical exercise [20], its 
results suggest that physical activity intensity was low during the investigation period.

The lower the prevalence of hypertension, the higher the consumption of milk and dairy 
products; nevertheless, no significant difference in the prevalence of dyslipidemia was 
observed. However, the higher the proportion of people with diabetes, the higher the milk 
consumption, suggesting that whey in milk is insulinotropic and potentially increases the 
insulin index, which may interfere with insulin secretion [32].

In this study, the association between dairy product consumption and cardio-cerebrovascular 
disease incidence varied according to dairy product type. The incidence by milk consumption 
(< 1 serving/day), after adjusting for sex, age, demographic characteristics and nutritional 
factors, decreased significantly by 23%. The incidence by yogurt consumption (≥ 0.5 
servings/day) decreased by 29%; however, that by cheese consumption did not display a 
significant reduction. Moreover, the incidence according to ice cream consumption (≥ 0.5 
servings/day) was 70% higher than that in non-consumers after adjusting all factors.

According to the 2020 Dietary Reference Intakes for Koreans, 100 g of milk contains 113 
mg of calcium and 2.2 g of saturated fatty acids, 100 g of yogurt contains 141 mg of calcium 
and 2.5 g of saturated fatty acids, and 100 g of cheese contains 626 mg of calcium and 14.5 
g of saturated fatty acids [21]. However, 100 g of ice cream contains 80 mg of calcium and 
5.3 g of saturated fatty acids. It has less calcium than twice as much saturated fatty acids as 
milk and yogurt. On comparing nutrient content per serving size presented in this study, 
calcium content had the following order from highest to lowest; milk, yogurt, cheese, and ice 
cream, while saturated fatty acid content had the following order; ice cream, milk, yogurt, 
and cheese. The higher the calcium content and the lower the saturated fatty acid content 
per serving, the lower the risk of disease incidence, possibly explaining why milk and yogurt 
consumption lowers the risk of cardio-cerebrovascular disease incidence.

The European Prospective Investigation into Cancer and Nutrition Cohort Study reported 
that fermented dairy products reduced the risk of stroke. The consumption of low-fat dairy 
products also reduced coronary heart disease risk in normotensive patients [33]. Yogurt 
consumption was inversely associated with the risk of myocardial infarction and stroke in 
patients with hypertension [34]. A Swedish Malmo Diet and Cancer Cohort Study revealed 
that fermented milk consumption (including yogurt) reduced the incidence of cardiovascular 
disease [35]. The Swedish Mammography Cohort Study also reported that the consumption 
of all dairy products, including milk, reduced the incidence of myocardial infarction [36]. 
According to the Golestan Cohort Study in Iran, total dairy product consumption was 
associated with lower risks of all and cardiovascular mortality [37]. A Japanese cohort study 
using the NIPPON DATA80 also demonstrated that women with a lower consumption of milk 
and dairy products had an increased risk of cardiovascular disease, coronary artery disease, 
and stroke mortality [38]. A meta-analysis of Chinese cohort studies found the consumption 
of low-fat dairy products and cheese to have a negative association with coronary artery 
disease or stroke [39]. The consumption of fermented dairy products and yogurt was 
inversely associated with cardiovascular disease risk among middle-aged women in the 
Australian Longitudinal Study [40]. This research and the present study suggest that milk 
and dairy product consumption effectively reduces cardio-cerebrovascular disease risk.
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Although a negative perception of milk and dairy products generally exists, certain studies 
have proposed that the dairy fat contained in milk and dairy products is not associated with 
cardiovascular disease risk [41]. According to a cohort study of adults in the United States, 
milk fat reduces cardiovascular disease risk [42,43]. Fermented dairy products, such as yogurt 
and cheese, have a probiotic effect and do not negatively influence blood lipids [44]. Some 
studies have suggested that reducing saturated fatty acid intake by limiting dairy product 
consumption could have rather negative effects [45].

Studies confirming alterations in cardiovascular disease biomarkers between low-fat or 
fermented dairy products and non-fermented dairy products in adults reveal that non-
fermented dairy products have more than 3 times the saturated fatty acid content of low-fat 
dairy products [46]. In this study, interleukin-6, an inflammation marker, was found to be 
higher in non-fermented dairy products (cream and ice cream) than in low-fat dairy products. 
Non-fermented dairy products contained a higher saturated fat content and increased 
cardiovascular disease risk more than low-fat dairy products. The increase in cardio-
cerebrovascular disease incidence in this study might have been due to the consumption of ice 
cream, which is high in saturated fat. In addition, according to the 2005–2007 MONA LISA 
multicenter French study of middle-aged and older people, the consumption of low-fat dairy 
products exhibited an inverse correlation with low-density lipoprotein-cholesterol levels, and a 
higher consumption of low-fat dairy products reduced cardiovascular mortality scores [47].

In this study, the higher the proportion of women, the higher the consumption of milk and 
dairy products, and the factors that influence the relationship between disease risk and diet 
may differ by sex. In particular, middle-aged women are affected by sex hormones and physical 
and psychological changes that may increase cardio-cerebrovascular disease risk [48]. However, 
the possibility of result bias cannot be ruled out since both sexes were included in this study. 
Excluding the possibility of sex as an effect modifier is difficult, therefore, sex-stratification 
analysis is warranted in future studies. This may require sex-specific studies in the future.

This study has several limitations. Cardio-cerebrovascular disease included diverse conditions, 
such as myocardial infarction and stroke. Hence, results might have been influenced by the 
different mechanisms and causes of the various cardio-cerebrovascular diseases. Another 
limitation to this study might have been self-reported disease diagnosis based on biennial 
follow-up examination records. Although a previous study reported a degree of agreement 
between the self-reported disease diagnosis and medical records of up to 93% [25], only 
30 cases were studied, thereby compromising validity. Additionally, follow-up might have 
been rendered impossible by severe disease progression during the follow-up period, thus 
preventing study participation. In such cases, generalizing the results is complicated by 
increased loss of follow-up owing to actual disease dropout. Furthermore, the FFQ used in this 
study did not consider the types and contents of non-fat, low-fat, and whole-fat in commercial 
milk. The effects of fatty acids may vary depending on butterfat consumption, and studies 
have shown that components such as short-chain saturated fatty acids, long-chain saturated 
fatty acids, and unsaturated fatty acids differ considerably according to milk type (cow or 
goat). Therefore, future investigations must subcategorize the fat content of milk and dairy 
products. Finally, the present study was exclusively conducted only in 2 areas (Ansan and 
Anseong); thus, it may not be generalizable to the wider population.

Despite the foregoing limitations, this was a large-scale epidemiological study that 
investigated the association of milk and dairy product consumption with incident cardio-
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cerebrovascular disease. Its findings suggest that the consumption of less than one serving 
of milk and dairy products may prevent cardio-cerebrovascular disease in middle-aged 
and older Koreans. Randomized controlled trials are warranted to confirm these results 
and clarify the beneficial effects of milk and dairy product consumption on cardio-
cerebrovascular disease.
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