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Background: Milk consumption is associated with bone mineral density (BMD), but reports are limited in terms of
participant age, sex, and number of study subjects. We investigated the association between milk consumption and
BMD in South Korean adults (>20 years).

Methods: We analyzed men and women aged >20 years who participated in the Korean National Health and Nutri-
tion Examination Survey, 2008-2011. We used linear regression to calculate the mean BMD and 95% confidence
interval (CI) based on the frequency of milk consumption. Multivariate logistic regression analysis was used to esti-
mate the odds ratios (ORs) and 95% CI for T-scores <-2.5 (osteoporosis) in both men aged >50 years and postmeno-
pausal women.

Results: In total 8,539 subjects were studied. Drinking milk more than once a day was associated with higher BMD
in the total femur and femoral neck in men aged <50 years and lumbar spine in men aged =50 years, compared to
less than once a week. It was also associated with lower ORs for osteoporosis of the femoral neck and lumbar spine
in men aged =50 years (OR, 0.35; 95% CI, 0.125-0.979 and OR, 0.34; 95% CI, 0.143-0.804, respectively). In post-
menopausal women who consumed milk 2-6 times weekly, higher BMD and lower OR for osteoporosis were ob-
served in the total femur (OR, 0.23; 95% CI, 0.055-0.958).

Conclusion: This study suggests that frequent milk consumption could potentially reduce osteoporosis incidence
in South Korean adults. Further prospective study is necessary to elucidate the effect of milk consumption on BMD.
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INTRODUCTION

In metabolic bone diseases such as osteopenia and osteoporosis, bone
mineral density (BMD) decreases, while the susceptibility to fractures
increases. Osteoporosis and other related bone fractures are recog-
nized as a global disease burden; in South Korea, the prevalence of os-
teoporosis was reported to be 7.5% and 35.5% in men and women, re-
spectively.” While genetic predispositions for low BMD and osteopo-
rosis have been previously reported, modifiable factors such as lifestyle
modification in nutritional intake can mitigate these tendencies.

Dietary calcium has been reported to prevent osteoporosis and os-
teoporotic fractures.*¥ According to the 2015 Dietary Reference In-
takes for Koreans, proposed by the Korean Nutrition Society, a daily
calcium intake of 700-800 mg or above is recommended for adults.”
Milk is a major source of calcium. One cup of milk (approximately 200
g of milk) contains approximately 210 mg of calcium, which is one-
third of the recommended daily intake of calcium. Milk consumption
in South Korea has increased since 1960; however, dairy products are
not part of the traditional Korean diet, and milk consumption per cap-
ita has steadily declined from 1997 to 2015.” According to the Korea
National Health and Nutrition Examination Survey (KNHANES) 2018,
the daily calcium intake in Korean men and women (572 mg and 459
mg, respectively) was inadequate compared to the aforementioned
recommended intake.”

Cross-sectional studies in Caucasian women aged 18-31 years® and
20-49 years” reported that milk consumption during childhood and
adolescence was related to greater bone mass. In a study of Chinese
adolescent girls aged 12-14 years, milk intake was shown to be a better
nutritional determinant of bone mineral content than the intake of any
particular nutrient found in milk.'” The association between milk and
BMD has also been studied in the Korean population. Studies on fe-

male college students,'

perimenopausal women (aged 40-70 years),
and postmenopausal women aged 50 years or above indicated that
milk promoted optimal BMD.'? However, these studies assessed only
women of particular age groups, and the study populations used were
mostly small. This cross-sectional study aimed to determine whether
the frequency of milk consumption is associated with BMD in the gen-

eral adult population (aged 20 years or above) in South Korea.

Subjects aged 20 or older who underwent
the survey from 2008 to 2010 (n=28,071)

JiSooKim, etal. ® Milk Consumption and Bone Mineral Density

METHODS

1. Research Plan and Study Population

The KNHANES is a national cross-sectional survey conducted by the
Korea Centers for Disease Control and Prevention. The process of se-
lecting household units and participants was based on a stratified,
multi-stage, clustered probability sampling design considered to be
representative of the non-institutionalized population of South Korea.
The data used in this study were obtained from the 2008 to 2011
KNHANES, in which BMD was assessed using dual-energy X-ray ab-
sorptiometry (DXA). The study population included both male and fe-
male adults aged 20 years or older. Participants diagnosed with thyroid
disease, osteoporosis, rheumatoid arthritis, chronic liver disease,
chronic kidney disease, or cancer were excluded, as were those who
did not provide the necessary data during the survey. Finally, the study

population comprised 8,849 men and women (Figure 1).

2. Measurements of Anthropometric Parameters

The anthropometric measurements used in the KNHANES were made
by well-trained nurses and, in addition to the age of the participants,
included the following: height (SECA 225; Vogel & Halke, Hamburg,
Germany), weight (GL-6000-20; CAS Korea, Seoul, Korea), and body
mass index (BMI) (weight/height* [kg/m?).

3. Consumption of Milk and Calcium

The frequency of milk consumption, including milk-based recipes,
was categorized using one of the following categories: never, 6-11
times per year, once per month, 2-3 times per month, once per week,
2-3 times per week, 4-6 times per week, once per day, twice per day, 3
times per day, or unsure/no response. After excluding data from the
unsure/no response category, participants who consumed milk were
further divided into three groups: once per week or less, 2-6 times per
week, and more than once per day. A 24-hour diet recall method and
nutrition database that includes packaged food were used to quantify
overall dietary and calcium intake.

4. Bone Mineral Density

The Hologic DXA System (Discovery QDR 4500W; Hologic Inc., Den-
ver, Co, USA) was used to measure the BMD of the lumbar spine (L1-
L4), the neck of the femur, and the total femur. The values obtained

Excluded (n=19,523)
- Missing values for DXA (n=9,892)

A

A

- Diagnosed with thyroid disease, osteoporosis, rheumatoid arthritis,
chronic liver disease, chronic kidney disease, or cancer (n=2,200)

- Missing values for frequency of milk consumption (n=2,297)

- Missing values for covariates (n=>5,143)

Study population (n=8,539)
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Figure 1. Flow diagram of the study subjects.
DXA, dual-energy X-ray absorptiometry.
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were recorded at five decimal places.

5. Other Variables Related to Bone Mineral Density

Potential confounding variables such as alcohol intake were catego-
rized as one of the following: no intake within 1 year, less than once a
month, once per month, 2-4 times per month, 2-3 times per week,
and 4 times or more per week. Smoking status, menopause, and hor-
mone treatment were also recorded in the survey. Serum levels of vita-
min D were measured using a gamma counter (1470 Wizard; Perki-
nElmer, Turkuy, Finland) using a radioimmunoassay kit. Data pertain-
ing to physical activity during the previous week (number of days and
hours of walking, vigorous-intensity exercise, or moderate-intensity
exercise) were collected and converted into metabolic equivalents of
task-minutes per week. Diabetes was defined using the questionnaire

as a case, which was diagnosed by doctors in the past.

6. Statistical Analysis
Statistical analyses were conducted using STATA/SE ver. 16.0 (Stata
Corp., College Station, TX, USA). Weighted variables were used with

regard to the composite stratified samples. We used linear regression

Table 1. Baseline characteristics of the study population
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to calculate mean BMDs and 95% confidence intervals (Cls) regarding
the frequency of milk consumption. We also considered the following
potential confounding covariates: age, sex, BMI, physical activity, se-
rum vitamin D, calcium intake, smoking, alcohol intake, and diabetes.
Multivariate logistic regression analyses were conducted to estimate
the odds ratios (ORs) and 95% ClIs for T-scores of -2.5 or less (osteopo-
rosis) in men aged 50 years or above and post-menopausal women
with regard to the frequency of milk consumption. The lowest intake

category was used as a reference.

7. Ethical Considerations

The Seoul National University Hospital Institutional Review Board ap-
proved this study (IRB approval no., E-2007-070-1141). The require-
ment for informed consent from the participants was waived, as the
KNHANES database is anonymized according to strict confidentiality
guidelines.

RESULTS

Table 1 lists the baseline characteristics of the study population. The

Frequency of milk consumption

Characteristic Total P-value
<1/wk 2—6/wk >1/d
Men
No. of study population 5,684 3,505 1,274 905
Age (y) 49.5+15.9 52.6+15.4 45.0£15.3 44.2+15.5 0.890
Body mass index (kg/m?) 24.0+3.1 23.9+3.1 24.2+3.2 24.0+3.1 0.414
Plasma vitamin D (ng/mL) 20.3+7.1 20.5+7.3 19.9+7.1 20.0+6.8 0.054
Calcium intake (mg/d) 569.1+£363.5 524.7+£349.9 602.1+357.8 694.8+388.7 <0.001
Physical activity (MET min/wk)* 3,644.2+5,251.0 3,610.1+5,307.8 3,722.8+5,161.8 3,665.5+5,158.3 0.346
Alcohol drinking frequency (%) <0.001
Never or none within 1 year 871 590 (67.7) 159 (18.3) 122 (14.0)
4 or less than 4 times per month 2,619 1,443 (55.1) 668 (25.5) 508 (19.4)
2 or more times per week 2,194 1,472 (67.1) 447 (20.4) 275 (12.5)
Current smoking (%) 3,644 2,282 (62.6) 807 (22.1) 555 (15.2) 0.087
Diabetes (%) 472 301 (63.8) 100 (21.2) 71(15.0) 0.282
Women
No. of study population 2,855 1,453 797 605
Age (y) 46.6£14.7 49.7+15.0 43.7+13.8 42.7£13.5 <0.05
Body mass index (kg/m?) 23.3+3.5 23.5+£3.5 23.2+3.5 22.9+3.3 0111
Plasma vitamin D (ng/mL) 16.1+6.0 16.0+6.1 16.1+£5.9 16.3+5.6 <0.05
Calcium intake (mg/d) 4751+£311.3 404.7+£273.5 495.5+315.2 617.1+338.1 <0.001
Physical activity (MET min/wk)* 2,187.0+3,498.6 2,187.8+3,650.7 2,194.6+3,554.3 2,175.0+3,024.8 <0.001
Alcohol drinking frequency (%) <0.05
Never or none within 1 year 905 492 (54.4) 227 (25.1) 186 (20.6)
4 or less than 4 times per month 1,691 821 (48.6) 504 (29.8) 366 (21.6)
2 or more times per week 259 140 (54.1) 66 (25.5) 53 (20.5)
Current smoking (%) 152 77 (50.7) 37 (24.3) 38 (25.0) 0.399
Diabetes (%) 147 93 (63.3) 29 (19.7) 25(17.0) <0.05
Menopause (%)’ 1,164 712 (61.2) 279 (24.0) 173 (14.9) <0.001
Hormone therapy (%) 230 117 (50.9) 71(30.9) 42 (18.3) 0.408

Values are presented as mean=standard deviation or number (%), unless otherwise stated. P-values were derived by analysis of variance and Pearson’s chi square test.

MET, metabolic equivalent of task.

*Physical activity was used, according to the protocol of the Korean version of the International Physical Activity Questionnaire-Short Form, to calculate MET-minutes per week.

*In menopause, surgical menopause was included.

https://doi.org/10.4082/kjfm.20.0182
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mean age of the male and female study population was 49.5 and 46.6
years, respectively. The mean calcium intake was lowest in the group
who drank milk once per week or less in both the male and female
study population. Women who drank milk more than once a day were
younger and had lower physical activity than other groups, but this dif-
ference did not appear in men. Tables 2 and 3 shows the adjusted
mean BMD values for the total femur, femoral neck, and lumbar spine
according to the frequency of milk consumption. High levels of milk
consumption, defined as more than once per day, were associated
with higher BMD of the total femur and femoral neck in men aged <50
years. Milk consumption was also significantly associated with a high-
er BMD of the lumbar spine in men aged 50 years or above and in the
total femur in postmenopausal women. In premenopausal women,
no significant association was observed between BMD and the fre-
quency of milk consumption.

The ORs for osteoporosis (T-score <-2.5) according to the frequency
of milk consumption in both men aged 50 years or above and post-
menopausal women are shown in Table 4. In both groups, milk con-
sumption was associated with a reduced OR for osteoporosis. In men,

the ORs for osteoporosis of the femoral neck and lumbar spine were

JiSooKim, etal. ® Milk Consumption and Bone Mineral Density

significantly lower in the group with the highest intake (OR, 0.35; 95%
CI, 0.125-0.979 and OR, 0.34; 95% CI, 0.143-0.804, respectively). In
women, the OR for osteoporosis of the total femur was significantly
lower in the group that consumed milk 2 to 6 times per week than in
the lowest intake group (OR, 0.23; 95% CI, 0.055-0.958).

DISCUSSION

Our study examined the association between the frequency of milk
consumption and BMD in Korean adults, including both young adults
acquiring peak bone mass and older adults undergoing bone loss, us-
ing data from the KNHANES database. Frequent milk consumption
was associated with a significantly high BMD and low OR for osteopo-
rosis.

Previous studies on milk consumption and BMD have based their
data on milk intake history during childhood or adolescence, and
many are limited to the female population alone.*” Sandler et al."” re-
ported the effect of frequent milk consumption in childhood and ado-
lescence on higher bone density during menopause. Similarly, Mur-
phy et al."” found that frequent milk consumption before the age of 25

Table 2. Adjusted means (95% confidence intervals) of BMDs in Korean adults (men) grouped by milk consumption frequency according to the Korea National Health and

Nutrition Examination Survey 2008—2011 after covariates* adjustment

Measurement  Frequency of milk BMD (g/cm?)
site consumption <50 years old (n=2,969) P-value >50 years old (n=2,912) P-value
Total femur <1/wk 0.994 (0.987-1.002) 0.939 (0.933-0.945)
2—6/wk 1.003 (0.994-1.012) 0.133 0.942 (0.930-0.954) 0.649
>1/d 1.011 (1.001-1.021) 0.010 0.947 (0.932-0.962) 0.283
Femur neck <1/wk 0.857 (0.849-0.864) 0.760 (0.754-0.765)
2—6/wk 0.865 (0.856-0.874) 0.144 0.762 (0.751-0.774) 0.702
>1/d 0.875 (0.865-0.886) 0.005 0.768 (0.753-0.782) 0.294
Lumbar spine <1/wk 0.986 (0.979-0.993) 0.947 (0.940-0.954)
2—6/wk 0.986 (0.977-0.996) 0.969 0.951 (0.937-0.965) 0.568
>1/d 0.988 (0.977-0.998) 0.847 0.972 (0.952-0.992) 0.017

Values are presented as mean (95% confidence interval). Bold letters emphasize the significant difference from reference (<1/wk) adjusted mean statistically.

BMD, bone mineral density.

*Age, body mass index, physical activity, serum 25-0H-vitamin D levels, daily calcium intake, frequency of alcohol intake, smoking, and diabetes.

Table 3. Adjusted means (95% confidence intervals) of BMDs in Korean adults (women) grouped by milk consumption frequency according to the Korean National Health and

Nutrition Examination Survey 2008—2011 after covariates' adjustment

Measurement Frequency of milk BMD (g/cm?)
site consumption Pre-menopause (n=1,735) P-value Post-menopause (n=1,233) P-value
Total femur <1/wk 0.894 (0.885-0.903) 0.791 (0.781-0.801)
2—6/wk 0.886 (0.877-0.895) 0.245 0.812 (0.798-0.825) 0.013
>1/d 0.894 (0.884-0.904) 0.997 0.812 (0.794-0.830) 0.056
Femur neck <1/wk 0.766 (0.756-0.775) 0.650 (0.642—-0.659)
2—6/wk 0.765 (0.755-0.774) 0.890 0.659 (0.645-0.672) 0.312
>1/d 0.767 (0.754-0.779) 0.921 0.664 (0.646—-0.683) 0.207
Lumbar spine <1k 0.987 (0.978-0.997) 0.835 (0.822-0.847)
2—6/wk 0.982 (0.970-0.994) 0.470 0.844 (0.829-0.859) 0.299
>1/d 0.980 (0.967-0.993) 0.375 0.851 (0.825-0.877) 0.257

Values are presented as mean (95% confidence interval). Bold letters emphasize the significant difference from reference (<1/wk) adjusted mean statistically.

BMD, bone mineral density.

*Age, body mass index, physical activity, serum 25-0H-vitamin D levels, daily calcium intake, frequency of alcohol intake, smoking, diabetes, and hormonal therapy for women.

https://doi.org/10.4082/kjfm.20.0182
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Table 4. ORs (95% Cls)* for osteoporosis (T score <-2.5) in men aged 50 or above and postmenopausal women according to milk consumption frequency after covariates®

adjustment
Measurement site Frequency of milk consumption OR (95% Cl) P-value
Men (n=2,912)

Total femur <1/wk 1
2—6/wk 0.31(0.062-1.550) 0.153
>1/d 0.29 (0.030-2.815) 0.284

Femur neck <1/wk 1
2—-6/wk 0.15 (0.055-0.409) 0.000
>1/d 0.35 (0.125-0.979) 0.046

Lumbar spine <1/wk 1
2—6/wk 0.84 (0.474-1.494) 0.555
>1/d 0.34 (0.143-0.804) 0.014

Women (n=1,233)

Total femur <1/wk 1
2—-6/wk 0.23 (0.055-0.958) 0.044
>1/d 0.55 (0.117-2.610) 0.452

Femur neck <1/wk 1
2—6/wk 0.61 (0.352-1.071) 0.085
>1/d 0.47 (0.203-1.096) 0.080

Lumbar spine <1/wk 1
2—6/wk 0.69(0.441-1.086) 0.109
>1/d 0.65(0.339-1.245) 0.193

Bold letters emphasize statistically significant odds ratio difference (P<0.01, P<0.05).

OR, odds ratio; Cl, confidence interval.

*ORs and 95% Cls were obtained using binary logistic regression. fConfounding variables include age, body mass index, physical activity, serum 25-0H-vitamin D levels, daily
calcium intake, frequency of alcohol intake, smoking, diabetes, and hormonal therapy for women.

years influenced hip bone mass in middle-aged and older women in
Cambridge, United Kingdom. A study on both elderly women and
men (aged 66-96 years) in Iceland revealed a strong association be-
tween midlife milk consumption and BMD in old age. In this study, a
food frequency questionnaire was used to obtain data pertaining to
the frequency of milk consumption during adolescence, midlife (age
40-50 years), and the present moment; however, BMD was measured
using quantitative computed tomography, and the study did not in-
clude young adults."” Additionally, the populations assessed in these
reports have usually been females and belonged to particular age
groups.

A few studies in Korea have shown an association between milk
consumption, BMD, and osteoporosis. In a 4-year prospective cohort
study on postmenopausal women, a milk intake exceeding 5-6 serv-
ings per week decreased the risk of radial but not tibial osteoporosis
(hazard ratio, 0.60; 95% CI, 0.42-0.87) compared with 0 weekly serv-
ings.' Studies have also been conducted using the KNHANES. Hong
et al.'” found varying degrees of osteoporosis risk compared to those
who consumed no dairy; those who consumed either less than once
or more than once daily had an OR of either 0.96 (95% CI, 0.66-1.38) or
0.71 (95% ClI, 0.53-0.96), respectively. Although this study included
adults aged over 20 years, the consumption of milk was not discrimi-
nated from that of dairy products. Similarly, Baek et al.'” used the
KNHANES and found that men (aged 30-39 years) who consumed
milk more than once per day had a higher femur BMD, a finding that

reflects those of or study. The OR for osteoporosis was lower in the

group that consumed milk more than once per day, but specific bone
sites were not analyzed. In addition, bone loss has been found to occur
atan older age in men than in women. However, the population of the
study was between 19 and 64 years of age, a range that does not take
into consideration elderly men.

Several mechanisms explain the association between the frequency
of milk consumption and BMD. First, the direct and indirect effects of
various components of milk may collectively promote increased BMD.
Milk is composed of inorganic ions, such as calcium, magnesium, po-

19)

tassium, lactose, vitamins, fats, and proteins. In addition, lactose'” and

casein®”

are known to enhance calcium absorption, while milk protein
stimulates insulin-like growth factor I and promotes bone formation.”
Second, milk consumption may influence BMD by means of skeletal
muscle. Milk consumption frequency has been suggested to be associ-
ated with skeletal muscle mass and strength, which are known to cor-
relate with BMD and osteoporosis in both young and elderly adult
populations.?*¥ Finally, milk consumption may increase bone miner-
al content through the inhibition of bone resorption. In a meta-analy-
sis, milk had a significant effect on bone metabolism and BMD.?

Our results showed that frequent milk consumption was associated
with a low OR for osteoporosis, particularly at the lumbar spine in men
aged 50 years or above and in the total femur in postmenopausal
women. A high BMD was observed in the same bone sites when milk
was consumed frequently. This tendency based on sex may be due to
the site-specific pattern of cortical and trabecular bone loss, as well as,

men having a predisposition to greater periosteal apposition and a

https://doi.org/10.4082/kjfm.20.0182
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higher BMD in the hip during aging.**” Thus, the effect of milk con-
sumption may not be as significant at this site in men as it is in women.
Consequently, in women, a low OR for osteoporosis was observed in
the total femur. Both a continued habit of milk consumption during
aging and the influence of milk consumption on BMD later in life may
have positively influenced BMD and the OR for osteoporosis in adults
aged 50 years or above. This explanation is supported by the findings
of prior reports in postmenopausal women.'?

In contrast to premenopausal women, men aged <50 years who
consumed milk more than once per day had high femoral BMD in our
study. In a population-based study from the KNHANES IV (2008-
2009), peak bone mass was achieved at age 21 years in men, and a
subsequent accelerated phase of age-related bone loss was observed
in the femur.?® Specifically, the mean annual rate of bone loss in the
femurs of men aged 23-29 years was highest among those aged 10-80
years in both sexes. In addition, BMD at the lumbar spine increased
until the age of 28 years in women. Another study by Kristensen et al.*”)
showed that 10 days of milk intake significantly decreased bone turn-
over in young men aged 22-29 years. Thus, femoral BMD and BMD in
men aged <50 years may be more susceptible to change by modifiable
factors, such as an increased frequency of milk intake. Factors other
than milk consumption, such as estrogen levels, may play a greater
role in BMD during early adulthood in women.*”

This study has several limitations. First, as milk is composed of sev-
eral nutrients, the association observed between milk consumption
and BMD cannot be explained by one particular component. Al-
though the positive effect of milk on BMD is often attributed to calci-
um, other milk components may also have an effect. In our study, the
results were not significantly affected by adjusting for daily calcium in-
take. These findings suggest that the positive effect of milk on BMD
may not be solely due to calcium intake. Second, milk intake was mea-
sured by frequency rather than by the total amount, and the type of
milk was not specified (for example, low-fat milk). In addition, the di-
etary questionnaire may not accurately represent an individual’s daily
diet, and any supplements or other dairy products may not have been
accounted for. Third, data used in this study were limited to the
KNHANES conducted from 2008 to 2011. Subsequent surveys did not
include BMD and therefore, could not be used for this study. Fourth,
medications that may affect BMD, such as steroid and hormone prep-
arations, could not be adjusted for in the analysis. Finally, this cross-
sectional study does not provide an explanation for the cause-and-ef-
fect relationship between the frequency of milk consumption and
BMD. Despite these limitations, the results of our study are generaliz-
able to the adult population as a whole and are not limited to a certain
age group or sex. The use of standardized DXA measurements and ad-
justments for multiple covariates enhance the reliability of our find-
ings.

In conclusion, frequent milk consumption was associated with a
significantly high BMD and reduced OR for osteoporosis. In post-
menopausal women, frequent milk consumption was associated with

a high BMD and low OR for osteoporosis in the total femur; men aged

https://doi.org/10.4082/kjfm.20.0182
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50 years or above showed similar results in the lumbar spine alone,
and moreover, a low OR for osteoporosis at the femur neck. Further-
more, in men aged <50 years, consumption of milk more than once
per day was associated with a high femoral BMD. Further prospective
study is necessary to elucidate the effect of milk consumption on
BMD.
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