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INTRODUCTION

Dairy products including milk have been reported to have a 
beneficial effect on hypertension1 and insulin sensitivity,2 as 
they are rich in various nutrients, such as calcium, magnesium, 
potassium, and other food components. Despite their contri-

bution of saturated fatty acid to the diet, there is no clear evi-
dence that dairy products are associated with a higher risk of 
cardiovascular disease (CVD).3 In prospective cohort studies, 
milk intake was not associated with total mortality but may 
have been inversely associated with overall CVD risk4 and myo-
cardial infarction risk.5 Furthermore, three servings of dairy 
food consumption per day was found to lead to a better nutri-
ent status, improved bone health, lower blood pressure, and re-
duced risk of CVD and type 2 diabetes.6,7 In a Japanese study, 
drinking milk 1–2 times a month and 3–4 times a week were as-
sociated with lower all-cause mortality in men and women, re-
spectively, compared to those who never drank milk.8

On the other hand, harmful effects of milk consumption have 
been reported as well. Although the role of dairy product con-
sumption in mortality generally appeared to be neutral in men, 
dairy fat intake was reported to be associated with slightly in-
creased all-cause and ischemic heart disease mortality.9 In a 
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recent large cohort study (mean follow-up of 20.1 years), three 
or more glasses of milk a day was associated with higher mor-
tality in men and women and higher fracture incidence in wo-
men.10 In addition, one meta-analysis reported that dairy prod-
uct consumption was associated with a non-significant incre-
ased risk of gastric cancer.11 The Framingham Risk Score (FRS), 
which is based on data obtained from the Framingham Heart 
Study, is generally considered to be a useful tool for assessing 
future cardiovascular risk.12 It is a gender-specific algorithm 
used to estimate the 10-year cardiovascular risk of an individu-
al. The FRS can be calculated based on gender, age, total cho-
lesterol (TC), high-density lipoprotein cholesterol (HDLC), 
blood pressure, and smoking status. The original FRS was pub-
lished in 1998,13 and the current version of the FRS was pub-
lished in 2002.14 A recent study15 indicated that 70% of subjects 
aged 40 years or older from the National Health and Nutrition 
Examination Survey (2003–2004) were found to have low (<10%) 
10-year CVD risk, while 19% had intermediate (10–20%) risk 
and 11% had high (≥20%) risk.

Given this controversy surrounding the effect of milk con-
sumption on CVD risk and the lack of a related report in Korea, 
the association between milk consumption and FRS in the 
Korean population, which consumes relatively low amounts of 
dairy products, was evaluated using data from the Korean Na-
tional Health and Nutrition Examination Survey (KNHANES, 
2008–2011).

MATERIALS AND METHODS

Study data 
The KNHANES has been conducted periodically by the Korea 
Centers for Disease Control and Prevention. This study pro-
vides comprehensive information on health status, health be-
havior, nutritional status, and socio-demographics in 600 na-
tional districts in Korea. For this cross-sectional study, data 
were used from the fourth (IV-2 and IV-3; 2008, 2009) and fifth 
(V-1 and V-2; 2010, 2011) KNHANES; these contained infor-
mation on milk consumption and elements required for FRS 
calculation, such as age, gender, TC, HDLC, smoking status, 
systolic blood pressure (SBP), and presence of hypertension 
or medication for hypertension. In our data, the ranges (means) 
of FRS in men and women were -10 to 19 (8.5) and -8 to 26 (7.4), 
respectively. Data on demographic characteristics, diet, and 
health-related variables were collected through personal in-
terviews and self-administered questionnaires. Physical ex-
aminations and blood sampling were carried out at a mobile 
examination center. From an initial total of 37753 men and 
women, 18796 people were excluded due to missing data from 
FRS elements and age limitations (<20 and >80 years). Addi-
tionally, 5221 subjects were also excluded due to missing data 
from 25-hyroxyvitamin D [25(OH)D], milk consumption, and 
any supplement use. Ultimately, the analysis in this study was 

conducted using data from 13736 subjects (5718 males and 
8018 females), as shown in Fig. 1. Although we excluded a 
large number of subjects due to the exclusion criteria, the se-
lected data were nevertheless representative, considering 
their relatively even distribution for each year (25.8% in 2008, 
27.9% in 2009, 23.7% in 2010, and 22.6% in 2011). All partici-
pants provided written informed consent before the survey. 

Measurements
Blood samples, after an 8-h fast, were collected year-round. 
They were immediately processed, refrigerated, and trans-
ported in cold storage to the central testing institute (NeoDin 
Medical Institute, Seoul, Korea), where they were analyzed 
within 24 hours. Serum 25(OH)D concentration was mea-
sured with a radioimmunoassay kit (DiaSorin Inc., Stillwater, 
MN, USA) using a γ-counter (1470 Wizard; PerkinElmer, Turku, 
Finland) at the same institute, which conducted quality con-
trol every other week throughout the analysis period to mini-
mize the analytical variation. The TC, triglyceride (TG), 
HDLC, and creatinine concentrations were measured using 
an Hitachi 7600-110 chemistry analyzer (Hitachi, Tokyo, Ja-
pan). Fasting blood sugar was measured using an automated 
analyzer with an enzymatic assay (Pureauto S GLU: Daiichi, 
Tokyo, Japan). 

Physical examinations were performed by a trained exam-
iner following a standardized procedure. Body weight and hei-
ght were measured in light indoor clothing without shoes to the 
nearest 0.1 kg and 0.1 cm, respectively. Body mass index (BMI) 
was calculated as the ratio of weight/height2 (kg/m2). SBP and 
diastolic blood pressure were measured in the right arm using a 
standard mercury sphygmomanometer (Baumanometer, Ba-
um, Copiague, NY, USA). We used a self-administered question-

Fig. 1. Selection of study data. KNHANES, Korea National Health and 
Nutrition Examination Survey; FRS, Framingham Risk Score.

n=37753 assessed for eligibility
• KNHANES (2008–2011)

n=18957
• Men, n=8185
• Women, n=10772

n=13736
 • Men, n=5718
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n=18796 excluded
• Age <20, >80 (10550)  
• Missing data for FRS calculation (8246)

n=5221 excluded due to
• Missing data of 25(OH)D (592)
• Missing data of milk consumption (2492)
• Supplement users (2137)
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naire to collect information on hypertension, smoking status, 
alcohol intake, job, moderate physical activity, and total ener-
gy intake. In women, the questionnaire further collected infor-
mation about menopausal status, hormone replacement ther-
apy, and oral contraceptive use, which was used to make app-
ropriate adjustments. Current smokers were defined as those 
who had smoked more than five packs of cigarettes during their 
life and were currently smoking, past smokers were those who 
had smoked in the past but had quit smoking, and nonsmok-
ers had no history of smoking. Regular alcohol drinkers were 
defined as those who had one drink or more at least once a 
month, and others were all deemed nondrinkers. Nutrient in-
take including total calories was assessed with a 24-hour di-
etary recall questionnaire administered by a trained examiner. 
The results were calculated using the Food Composition Table 
developed by the National Rural Resources Development In-
stitute (seventh revision).16 Milk consumption was determined 
by a food frequency questionnaire, and the results were re-
corded by a trained examiner. We categorized milk consump-
tion into four groups, according to the food-frequency questi-
onnaire: rarely (almost never or several times per year), mont-
hly (several times per month), weekly (several times per week), 
and daily (1–3 times per day). In this study, milk intake refers 
to consuming whole milk, low-fat milk, skim milk, processed 
milk, or nonfat dry milk. Physical activity was assessed using a 
questionnaire and categorized as yes or no, with yes meaning 
>30 minutes of moderate physical activity three or more times 
in the last week in which the subject was tired compared to 
ordinary levels.

Statistical analysis
A complex sample analysis was used for the KNHANES data so 
as to weigh all values according to the statistical guidelines of 
the Korea Centers for Disease Control and Prevention. General 
characteristics including age, BMI, blood pressure, TC, HDLC, 
TG, fasting blood glucose, smoking status, alcohol intake, and 
moderate physical activity were presented for both genders 
after weighting the data. An ANCOVA was performed to eval-
uate the differences in FRS (as a dependent variable) among 
the milk consumption groups (as fixed factors; rarely, month-
ly, weekly, and daily) in both genders after adjusting for age, 
BMI, job, alcohol intake, moderate physical activity, and se-
rum 25(OH)D. In women, menopause, hormone replacement 
therapy, and oral contraceptive use were also used as adjust-
ment factors. For further comparison of FRS, we divided the 
data into age groups (20–39 years, 40–59 years, and ≥60 years) 
and compared FRS in each age group via ANCOVA after rele-
vant factor adjustment. Finally, the odds ratio for the highest 
quartile of FRS was determined in men over 60 years old, in 
whom significant differences in FRS were found according to 
milk consumption. A logistic regression analysis was performed 
(FRS quartile as a dependent factor, milk consumption group 
as a fixed factor) after adjusting for age, BMI, job, alcohol in-

take, moderate physical activity, and serum 25(OH)D in Model 
1 and further adjusting for total calorie intake and calcium in-
take in Model 2. All p values were used to assess the signifi-
cance of all analyses, and p values <0.05 were considered sta-
tistically significant. Data were analyzed using SPSS 19.0 (SPSS 
Inc., Chicago, IL, USA).

RESULTS

With respect to general characteristics, the mean ages of males 

Table 1. Framingham Risk Scores and General Health-Related Charac-
teristics of Study Subjects

Variables Men (n=5718) Women (n=8018) p value
Age (yrs) 43.3 (0.3) 44.8 (0.3) <0.05

20–39 1740 (30.4) 2685 (33.5)
40–59 2182 (38.2) 3064 (38.2)
≥60 1796 (31.4) 2269 (28.3)

BMI (kg/m2) 24.1 (0.1) 23.2 (0.1) <0.05
SBP (mm Hg) 117.7 (0.3) 113.4 (0.3) <0.05
DBP (mm Hg) 77.4 (0.2) 72.6 (0.2) <0.05
TC (mg/dL) 186.8 (0.6) 185.8 (0.2) <0.05
HDL (mg/dL) 49.4 (0.2) 55.5 (0.2) <0.05
Triglyceride (mg/dL) 157.4 (2.2) 109.3 (1.1) <0.05
FBS (mg/dL) 98.4 (0.4) 95.1 (0.3) <0.05
25(OH)D (ng/mL) 19.4 (0.2) 16.8 (0.2) <0.05
Energy intake (kcal/day) 2363.8 (16.2) 1660.3 (10.5) <0.05
Calcium intake (mg/day) 574.4 (5.7) 453.8 (4.8) <0.05
FRS 6.53 (1.14) 5.74 (0.14) <0.05

Q1 -10–4  -8–0
Q2 5–10 1–8
Q3 11–13 9–14
Q4 14–19 15–26

Smoking, n (%) <0.05
Yes 2449 (42.8) 423 (5.3)
No 3269 (57.2) 7595 (94.7)

Alcohol, n (%) <0.05
Yes 4192 (73.6) 3058 (38.3)
No 1505 (26.4) 4930 (61.7)

Activity, n (%) <0.05
Yes 815 (14.3) 1119 (14.0)
No 4902 (85.7) 6887 (86.0)

Milk consumption, n (%) <0.05
Rarely 1806 (31.6) 2389 (29.8)
Monthly 995 (17.4) 1106 (13.8)
Weekly 2010 (35.2) 2727 (34.0)
Daily 907 (15.9) 1796 (22.4)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; TC, total cholesterol; HDL, high-density lipoprotein; FBS, fasting 
blood sugar; FRS, Framingham Risk Score; 25(OH)D, serum 25-hyroxyvitamin 
D; energy intake, total calorie intake; smoking, current smoking status; alco-
hol, current alcohol consumption; activity, moderate physical activity.
Data are expressed as mean (standard error). p values are from a general lin-
ear model and χ2 test after data weighting.
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and females were 43.3 and 44.8 years old, respectively. The 
mean 25(OH)D levels were 19.4 ng/mL (males) and 16.8 ng/
mL (females), and dietary calcium intake levels were 574.4 
mg/day (males) and 453.8 mg/day (females). As presented in 
Table 1, 31.6% of Korean adults consumed milk rarely, and 
only 15.9% of adults drank milk daily. The mean FRSs in males 
and females were 6.53 and 5.74, respectively. Other metabolic 
parameters were within their normal ranges (Table 1). 

On comparing FRS according to milk consumption in each 
gender, FRS decreased as milk consumption increased after 
adjustment for age, BMI, job, alcohol intake, moderate physi-
cal activity, and serum 25(OH)D, as well as menopause, oral 
contraceptive use, and hormone replacement therapy in wom-
en. Particularly, FRS in males of the daily milk consumption 
group was significantly lower than that in males of the rarely 
and monthly groups (p=0.007). FRS in females of the daily milk 

consumption group was also significantly lower than that in 
females of the rarely, monthly, and weekly groups (p=0.001) 
(Table 2). To further compare FRS, we stratified the data into 
different age groups (20–39 years, 40–59 years, and ≥60 years) 
for each gender. In males over 60 years old, the FRS of the dai-
ly milk consumption group was significantly lower than that 
of those in the other groups (p<0.001). In females (Table 3), al-
though not clinically significant, the FRS of the 20–39 years 
age group showed a significant p for trend (p=0.018). Finally, 
the odds ratio for the highest quartile of FRS in males over 60 
years old significantly increased in the weekly [OR=2.21; 95% 
confidence interval (CI) 1.12–4.10], monthly (OR=2.36; 95% 
CI 1.21–4.70), and rarely (OR=4.00; 95% CI 2.17–7.38) milk con-
sumption groups in Model 1 [adjustment for age, BMI, job, al-
cohol intake, moderate physical activity, serum 25(OH)D]. In 
Model 2 (further adjusted for total calorie intake and calcium 
intake), the odds ratio was also increased in the weekly (OR= 
2.15; 95% CI 1.14–4.03), monthly (OR=2.29; 95% CI 1.15–4.54), 
and rarely (OR=3.79; 95% CI 2.01–7.14) milk consumption 
groups (Table 4). 

DISCUSSION

In this cross-sectional study, we found that milk consumption 
was inversely associated with FRS in males and females who 
consumed relatively low amounts of dairy products. In addi-
tion, daily milk consumption in males over 60 years old was 
found to be beneficial in lowering the risk of a high FRS. 

Previous studies suggest higher mortality rates from fracture17 
and ischemic heart disease,18 as well as from certain cancers,19,20 
in countries with high milk consumption. In addition, those 

Table 2. Framingham Risk Score (FRS) According to Milk Consumption

Groups
Men (n=5718) Women (n=8018)

n (%) FRS n (%) FRS
Rarely 1806 (31.6) 6.75 (0.12) 2389 (29.8) 5.89 (0.09)
Monthly 995 (17.4) 6.86 (0.15) 1106 (13.8) 5.98 (0.13)
Weekly 2010 (35.2) 6.46 (0.11)§ 2727 (34.0) 5.75 (0.09)
Daily 907 (15.9) 6.15 (0.17)*† 1796 (22.4) 5.42 (0.09)*†‡

p value 0.007 0.001
FRS are expressed as mean (standard error). p values represent p for trends 
found via ANCOVA after adjusting for age, body mass index, job, alcohol in-
take, moderate physical activity, and serum 25-hydroxyvitamin D. Further ad-
justments were made for menopause, oral contraceptive use, and hormone 
replacement therapy in cases of women.
*p<0.05 in the comparison between rarely vs. daily, †p<0.05 in the compari-
son between monthly vs. daily, ‡p<0.05 in the comparison between weekly 
vs. daily, §p<0.05 in the comparison between monthly vs. weekly.

Table 3. Framingham Risk Score (FRS) According to Milk Consumption by Age

Variables
FRS, mean (SE)/n (%)

20–39 yrs 40–59 yrs ≥60 yrs 
Men (n) 1740 2182 1796

Rarely 1.41 (0.39)/255 (14.7) 9.63 (0.12)/699 (32.0) 13.56 (0.06)/852 (47.4)
Monthly 1.53 (0.34)/261 (15.0) 9.83 (0.16)/417 (19.1) 13.36 (0.11)/317 (17.7)
Weekly 1.06 (0.18)/812 (46.7) 9.71 (0.12)/770 (35.3) 13.32 (0.08)§/428 (23.8)
Daily 0.92 (0.23)/412 (23.7) 9.45 (0.20)/296 (13.6) 12.96 (0.12)*†‡/199 (11.1)
P for trend 0.383 0.512 <0.001

Women (n) 2685 3064 2269
Rarely -1.61 (0.20)/405 (15.1) 8.40 (0.12)/831 (27.1) 16.69 (0.09)/1153 (50.8)
Monthly -1.20 (0.29)/336 (12.5) 8.21 (0.14)/468 (15.3) 16.50 (0.14)/302 (13.3)
Weekly -1.77 (0.14)/1102 (41.0) 8.11 (0.11)/1116 (36.4) 16.56 (0.14)/509 (22.4)
Daily -2.10 (0.15)/842 (31.4) 8.19 (0.13)/649 (21.2) 16.35 (0.15)/305 (13.4)
P for trend 0.018 0.332 0.222

FRS are expressed as mean (standard error). p values represent p for trends found via ANCOVA after adjusting for age, body mass index, job, alcohol intake, 
moderate physical activity, and serum 25-hydroxyvitamin D. Further adjustments were made for menopause, oral contraceptive use, and hormone replacement 
therapy in cases of women.
*p<0.05 in the comparison between rarely vs. daily, †p<0.05 in the comparison between monthly vs. daily, ‡p<0.05 in the comparison between weekly vs. daily, 
§p<0.05 in the comparison between monthly vs. weekly.
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who consumed high amounts of non-fermented milk were re-
ported to have less favorable cardiovascular risk factor profiles, 
with higher blood pressure, lower HDLC levels, and higher in-
sulin resistance.21 On the other hand, cheese and fermented 
milk consumption has been reported to be associated with an 
increased HDLC levels, reduced insulin resistance, and a low-
er risk of CVD. A possible mechanism for such different re-
sponses may be related to the D-galactose content in different 
types of dairy products,10,22 which is associated with oxidative 
stress, chronic inflammation,23 and the development of such 
diseases.24

In accordance with the current study, a prospective study 
(22.8 years of follow-up) reported that SBP was 10.4 mm Hg 
lower in the group with the highest milk consumption than in 
a group that did not consume milk.25 In addition, consump-
tion of milk and dairy products was inversely associated with 
CVD death among women in Japan26 and related to lower lev-
els of specific CVD risk factors in China,27 where milk con-
sumption is relatively low. We used the FRS to evaluate CVD 
risk according to different milk consumption groups. FRS is a 
simple tool to assess future CVD risk,12 and it significantly pre-
dicts coronary heart disease events.28 In our study, we were not 
able to determine the association between FRS and high milk 
consumption, as only 0.7% and 0.3% of males and 1.2% and 
0.3% of females were found to drink milk 2 and 3 times per 
day, respectively. In this low milk-consuming population, dai-
ly milk consumption was beneficial for lower FRS than week-
ly, monthly, or rare consumption. A more interesting result was 
that the odds ratio for the top quartile of FRS showed a gradu-
al increase with a decrease in milk consumption in older men 
(≥60 years old) even after adjustments for 25(OH)D, total cal-
ories, and calcium intake. This may indicate that proper con-
sumption of milk may be related to a lower FRS in men over 60 
years old who have a relatively higher risk of CVD. However, it 
is not clear why women over 60 years old did not show a simi-
lar effect on CVD risk. These results may be partially due to 
gender difference and different metabolic risks.

The current study has several limitations. First, this study 
used a cross-sectional design to evaluate the association be-
tween milk consumption and FRS in one ethnic group. Second, 

only the frequency of milk consumption was considered, and 
quantitative information on milk consumption was not. How-
ever, this is the first study to evaluate the association between 
milk consumption and FRS, a future CVD risk factor, using rep-
resentative data from the KNHANES. 

In conclusion, milk consumption was inversely associated 
with FRS in males and females. In addition, males over 60 years 
old who drank milk daily had a lower FRS and a lower risk of a 
higher FRS after relevant variable adjustment. A large and 
prospective study is warranted to determine the exact amount 
of milk consumption required and future CVD risk and mor-
tality in this ethnic group with low milk consumption.
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