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ABSTRACT

The purpose of this study was to investigate the association between coffee consumption 
and bone status (bone mineral density and bone metabolism-related markers) according 
to calcium intake level in Korean young adult males. Healthy and nonsmoking males (19-26 
years, n = 330) participated in this study. Anthropometric measurements, dietary habits, 
and nutrient intakes were surveyed. Bone status of the calcaneus was measured by using 
quantitative ultrasound (QUS). Bone metabolism-related markers including serum total 
alkaline phosphatase activity (TALP), N-mid osteocalcin (OC), and type 1 collagen C-terminal 
telopeptide (1CTP) were analyzed. The subjects were divided into two groups based on daily 
calcium intake level: a calcium-sufficient group (calcium intake ≥ 75% RI, n = 171) and a 
calcium-deficient group (calcium intake < 75% RI, n = 159). Each group was then further 
divided into three subgroups based on daily average coffee consumption: no-coffee, less 
than one serving of coffee per day, and one or more servings of coffee per day. There were no 
significant differences in height, body weight, body mass index, energy intake, or calcium 
intake among the three coffee consumption subgroups. QUS parameters and serum 1CTP, 
TALP, and OC were not significantly different among either the two calcium-intake groups 
or the three coffee consumption subgroups. Our results may show that current coffee 
consumption level in Korean young men is not significantly associated with their bone status 
and metabolism according to the calcium intake level.

Keywords: Coffee consumption; Calcium intake; Bone status; Young adult males

INTRODUCTION

Osteoporosis has been a global public health problem particularly among postmenopausal 
women, but its prevalence in males is getting increasing [1-3]. Recently, the prevalence 
of osteoporosis in Korean men aged over 65 years was reported as 15.2%, which was 
significantly lower than that in Korean women (57.6%), but osteoporosis is also becoming a 
major disease in aged men [4].

Bone mass increases primarily during the growth period, and peak bone mass is generally 
completed in between age 18 and 30. It has been reported that peak bone mass is one of 
important determinants of osteoporosis [5-7]. Genetic factors are the strongest determinants 
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of peak bone mass [7-9], but environmental factors such as calcium or vitamin D intake, and 
physical activity are also important determinants [10,11]. Particularly in men, risk factors for 
osteoporosis are not limited to aging, genetic factors, and inadequate dietary intake [12].

Demographically, drinking and smoking rates of young male adults in Korea are quite 
high. Our previous study reported that cigarette smoking accompanied by alcohol drinking 
during young adulthood reduced bone formation in Korean men [13]. On the other hand, 
the association between coffee or caffeine intake and bone metabolism is still controversial 
[14-17]. It has been suggested that the effects of caffeine intake on bone mass may depend 
on calcium intake; high caffeine consumption under insufficient calcium intake may have 
negative effects on bone metabolism [14,15]. Coffee consumption is rather higher in Korean 
man than in Korean [18]. According to the recent report of the Korean National Health and 
Nutrition Examination Survey (2013 KNHANES), Korean men over 19 years drank coffee 
14.3 times/week, while Korean women in the same age range drank coffee 9.6 times/week. 
In addition, calcium has been continually noted to be deficient in the average Korean diet 
[18]. In the case of Korean adult males, the average calcium intake level was reported to be 
517.0 mg/day (68.9% of Recommended Intake [RI]) for men aged 19-29 years, 581.9 mg/
day (77.6% of RI) for men aged 30-39 years, 571.1 mg/day (76.1% of RI) for men aged 40-49 
years, and 554.0 mg/day (79.9% of RI) for men aged 50-64 years [18]. As can be seen from 
this report, calcium consumption of Korean young males who were in the period of achieving 
peak bone mass was the lowest among the different age groups. Therefore, a study is needed 
to investigate the effects of coffee consumption on bone metabolism in Korean young males 
whose calcium intake is insufficient.

Harris and Dawson-Haghes’ prospective study provided practical information about coffee 
consumption to postmenopausal women for their bone health [15]. According to their study, 
among women with calcium intakes above the median (744 mg/day), 1-year rates of bone 
change did not differ by caffeine intake. However, among women consuming calcium less 
than the median, those with the highest caffeine intake (> 450 mg/day) had a significantly 
higher bone loss than did women consuming less caffeine. They calculated the caffeine 
amount to servings of brewed coffee and then concluded that daily consumption of caffeine 
in amounts equal to or greater than that obtained from about two to three servings of brewed 
coffee may accelerate bone loss in women with insufficient calcium intake. Through this 
study, limited coffee consumption (under two cups) is usually recommended for women’s 
bone health.

However, to our knowledge, though coffee has become the most popular beverage especially 
among young adult males in Korea, coffee intake is associated with bone metabolism-related 
markers according to their dietary calcium intake levels. Thus, the purpose of this study was to 
investigate the association between coffee consumption and bone mineral density and bone 
metabolism-related markers according to calcium intake level in Korean young adult males.

MATERIALS AND METHODS

Subjects
This study was secondary analysis of our previous study on the relation between bone 
metabolism and drinking and smoking status of Korean young males [13]. Poster and 
announcement notices were used to recruit 483 Korean adult males aged 19-26 at Ajou 
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University (Suwon, Korea). All subjects completed a questionnaire upon study entry and were 
absolved of anthropometrical characteristics. Bone mineral density of either calcaneus was 
measured by quantitative ultrasound and bone metabolism-related markers including serum 
total alkaline phosphatase activity (TALP) and N-mid osteocalcin (OC) concentrations were 
analyzed for each subject. Of the 483 participants, 153 subjects were excluded from the study 
because of a history of prior medication and cigarette use that may have led to alterations of 
bone metabolism. The study was approved by the Ajou University institutional review board, 
and informed consent was obtained from all participants.

Study design
The subjects were divided into two groups based on daily calcium intake level: a calcium-
sufficient group (calcium intake ≥ 75% RI, n = 171) and a calcium-deficient group (calcium 
intake < 75% RI, n = 159). In this study, we considered subjects calcium-deficient if their 
calcium intake was below 75% of the calcium RI for their age [19]. Each group was then 
further divided into subgroups based on coffee consumption: no-coffee, less than one 
serving of coffee per day (< one-coffee group), and one serving or more of coffee per day 
(≥ one-coffee group) (Table 1). One serving was defined as 150 mL liquid coffee, based on 
the subjects’ most commonly consumed serving size. In this study, the most commonly 
consumed coffee type was an instant mixed coffee which contained instant coffee powder 
and some sugar or cream.

Anthropometrical measurements
Height was measured with a vertical measuring board from floor level. Subjects were weighed 
in the standing position lightly clothed. Body Mass Index (BMI) was calculated from the 
measured weight and height as weight/height2 (kg/m2).

Questionnaire interview
Each participant completed a questionnaire conducted by the investigators. The 
questionnaire included the participant’s age, health status, cigarette smoking status, alcohol 
drinking history, doing regular exercise, sleep duration, and beverage consumption status 
including milk, carbonated beverage, and coffee. Questions about coffee consumption 
concerned whether they consumed coffee, their weekly frequency of coffee consumption, and 
the amount of coffee consumed per occasion were asked.

Food intake data were surveyed for 2 days under the guidance of investigators using the 24-
hour recall method. Food models, cups, and spoons of various sizes were used to help the 
subjects recall the estimated portions eaten. Energy and nutrient intakes were analyzed using 
the CAN-Pro 3.0 (The Korean Nutrition Society, Seoul, Korea).

Measurement of bone mineral density (BMD)
Bone mineral density (BMD) of the calcaneus was measured a single time for each subject 
by quantitative ultrasound (Sahara, Hologic, Bedford, MA, USA). Using a Quality Control 
Phantom, the instrument was calibrated daily. The measurement values obtained included 
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Table 1. Distribution of the subjects by calcium and coffee intake

Coffee intake No. (%) < 75% of recommended Ca intake ≥ 75% of recommended Ca intake χ2-value
No coffee 90 (27.27) 39 (11.82) 51 (15.45) 1.7154NS

< 1 serving coffee a day 179 (54.24) 87 (26.36) 92 (27.88)
≥ 1 serving coffee a day 61 (18.48) 33 (10.00) 28 (8.48)
Total 330 (100.0) 159 (48.18) 171 (51.82)
NS, not significantly different by χ2-test.



the broadband ultrasound attenuation (BUA), speed of sound (SOS), and Quantitative 
ultrasound index (QUI), from which BMD and T-score estimations were computed. The 
coefficients of variation (%CV) for BMD, BUA, SOS, and QUI of the calcaneus were 3%, 3.7%, 
0.22%, and 3.7%, respectively.

Blood bone metabolism marker analysis
Ten milliliters of fasting blood were drawn from all subjects, and serum was separated by 
centrifugation at 3,000 rpm for 15 minutes and stored in a freezer at -70°C until analysis. The 
serum samples were analyzed for TALP (Autoanalyzer, Toshiba, Japan), OC (Osteo-RIACT, 
CIS bio international, France), and 1CTP (UniQ ICTP RIA, Orion Diagnostica, Finland).

Statistical analysis
The data were given numerically as means with standard deviations. The three coffee 
intake subgroups underwent ANOVA analysis (One-Way Analysis of Variance) and Duncan's 
multiple range tests to determine any significant differences. Chi-square tests were used 
to test significance of distribution proportions within the groups. Analysis of covariance 
(ANCOVA) was also used to compare least squares means (LSM) of the QUS and bone 
metabolism markers among the three coffee subgroups. The LSM represents the mean value 
adjusted for the average value of the covariate (age, energy intake, calcium intake, protein 
intake, milk intake, and carbonated beverage intake) among the three groups. Data analysis 
was conducted using the statistical software package for Windows (SAS version 9.03, SAS 
institute, Cary, NC, USA).

RESULTS

General characteristics
General characteristics of the subjects are shown in Table 2. The mean age of the subjects 
was 22.6 years, which was not significantly different among the three coffee consumption 
subgroups of the calcium-sufficient group. But, in the calcium-deficient group, the mean age 
of the ≥ one-coffee group was significantly higher than that in the non-coffee and < one-
coffee groups. There were no significant differences in height, weight, and BMI between the 
calcium intake groups or among the three coffee consumption subgroups.

Energy, nutrients, and beverage intake status
Intake status of energy, nutrients, and beverages of the subjects is shown in Table 3. There 
were no significant differences in intakes of energy, calcium, and most of the nutrients 
among the three coffee consumption subgroups. In the calcium-deficient group, however, 
protein intake in the ≥ one-coffee group was significantly lower than that in the non-
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Table 2. General characteristics by coffee intake in healthy adult males with below and above 75% of recommended calcium intake

Variables < 75% of recommended Ca intake ≥ 75% of recommended Ca intake
non-coffee 

(N = 39)
< 1 serving coffee 

a day (N = 87)
≥ 1 serving coffee 

a day (N = 33)
non-coffee 

(N = 51)
< 1 serving coffee 

a day (N = 92)
≥ 1 serving coffee 

a day (N = 28)
Age, yr 22.21 ± 2.49† 22.29 ± 2.48† 22.48 ± 1.89* 22.80 ± 2.59 22.55 ± 2.30 23.18 ± 2.14
Height, cm 173.77 ± 4.36 174.90 ± 6.13 174.79 ± 3.97 174.31 ± 4.86 175.28 ± 5.33 174.50 ± 3.97
Weight, kg 67.90 ± 7.32 68.17 ± 9.99 68.94 ± 8.05 67.86 ± 7.99 68.76 ± 8.88 71.11 ± 9.62
BMI, kg/m2 22.47 ± 2.17 22.24 ± 2.74 22.55 ± 2.32 22.31 ± 2.27 22.35 ± 2.51 23.30 ± 2.67
Doing regular exercise, % 28.21 25.29 37.50 33.33 34.78 42.86
Sleep duration, hr/day 7.08 ± 1.29 7.23 ± 1.14 7.36 ± 1.09 6.84 ± 1.01 6.90 ± 1.14 6.80 ± 0.90
Mean ± S.D.
*,†Values with different superscripts within a row are significantly different at p < 0.05 as determined by Duncan's multiple range test.



coffee and < one-coffee groups. Beverage intake status of the subjects was significantly 
different according to the coffee consumption status. In the calcium-deficient group, milk 
and carbonated beverage intake of the ≥ one-coffee group was significantly higher than 
those of the other groups in both calcium-deficient and calcium-sufficient subjects. But, 
no significant difference was found in alcohol drinking amount and BMI between the two 
calcium intake groups or among the three coffee consumption subgroups.

Quantitative ultrasound parameters and blood bone turnover markers
QUS parameters and serum 1CTP were not significantly different among either calcium 
intake groups or the three coffee consumption subgroups (Table 4). In the calcium-deficient 
subjects, serum TALP level was significantly lower (p < 0.05) in individuals who consumed 
over one serving of coffee a day compared to the other subgroups. Also, serum OC levels 
in individuals who consumed one or more servings of coffee a day tended to be higher 
than in individuals who consumed under one serving of coffee a day (Table 5). However, 
after adjusted for age, and energy, calcium, protein, and milk and carbonated beverage 
intakes, serum ALP and OC levels were not significantly different among the three coffee 
consumption groups in calcium-deficient subjects (Figure 1).

DISCUSSION

This study analyzed and compared the BMD and bone metabolism-related biomarkers 
according to coffee intake depending on calcium intake levels in young adult males. The 
major result was that the daily coffee intake at levels presently consumed by Korean young 
males was not significantly associated with bone status and metabolism according to the 
calcium intake level.

Previous studies have shown various results on the relationship between coffee intake 
and BMD. While Lloyd et al. [16] reported no association between caffeine intake and 
the frequency of fractures or changes in BMD, other studies have reported significant 
associations between caffeine intake and BMD [15]. This discrepancy may be due to 
differences in the methods of analyzing BMD, the study targets, the methods used to evaluate 
caffeine or coffee intake, and caffeine or coffee exposure levels in the study populations.
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Table 3. Daily energy, nutrients, and beverage intake by coffee consumption in healthy adult males with below and above 75% of recommended calcium intake

Variables < 75% of recommended Ca intake ≥ 75% of recommended Ca intake
non-coffee 

(N = 39)
< 1 serving coffee 

a day (N = 87)
≥ 1 serving coffee 

a day (N = 33)
non-coffee 

(N = 51)
< 1 serving coffee 

a day (N = 92)
≥ 1 serving coffee 

a day (N = 28)
Energy, kcal/day 2,123.82 ± 741.34* 2,105.80 ± 628.72* 1,820.94 ± 340.62† 2,350.17 ± 556.74 2,394.80 ± 598.36 2,486.01 ± 697.96
Protein, g/day 79.10 ± 25.31* 77.82 ± 26.73* 64.97 ± 20.12† 88.49 ± 24.49 90.85 ± 23.93 94.57 ± 25.95
Fat, g/day 66.81 ± 30.25 64.53 ± 31.35 52.20 ± 21.68 72.67 ± 27.17 75.99 ± 29.93 76.28 ± 31.08
Carbohydrate, g/day 286.71 ± 71.41 295.21 ± 84.69 269.58 ± 62.99 337.49 ± 77.32 338.24 ± 85.16 346.17 ± 110.81
Ca, g/day 355.22 ± 16.38 352.81 ± 98.04 327.88 ± 116.26 745.53 ± 244.54 767.73 ± 220.13 808.68 ± 274.48
P, g/day 951.14 ± 305.58* 959.29 ± 309.37* 803.29 ± 224.91† 1,220.55 ± 332.53 1,289.59 ± 333.19 1,331.00 ± 338.04
Fe, mg/day 13.51 ± 4.68 15.31 ± 12.25 10.60 ± 4.27 17.00 ± 9.50 16.75 ± 7.67 16.32 ± 8.69
Na, mg/day 3,851.95 ± 1,223.90 3,989.58 ± 1,435.79 3,466.80 ± 996.60 5,222.81 ± 1,361.48 5,180.99 ± 1,576.31 5,374.83 ± 1,625.12
K, mg/day 2,176.94 ±  688.24 2,204.82 ± 689.26 1,926.66 ± 522.39 2797.30 ± 763.07 2,932.57 ± 870.77 3,088.36 ± 729.11
Vitamin C, mg/day 73.56 ± 43.31 75.72 ± 48.11 68.08 ± 44.10 94.13 ± 53.50 107.27 ± 82.03 102.10 ± 81.87
Coffee, mL/wk 0.00 ± 0.00‡ 390.17 ± 224.09† 2063.64 ± 960.49* 0.00 ± 0.00‡ 399.45 ± 233.56† 1,829.46 ± 976.03*

Milk, mL/wk 355.40 ± 321.40† 576.74 ± 436.20* 696.96 ± 563.74* 555.10 ± 786.09† 763.33 ± 547.19† 1,278.57 ± 1,592.89*

Carbonated beverages, mL/wk 362.77 ± 377.42† 573.21 ± 457.56† 826.87 ± 879.23* 315.11 ± 302.46† 628.47 ± 573.53* 829.62 ± 676.42*

Alcohol, mL/wk 214.36 ± 353.63 216.67 ± 231.21 238.13 ± 228.93 255.15 ± 302.46 246.61 ± 324.17 308.26 ± 364.66
Mean ± S.D.
*,†,‡Values with different superscripts within a row are significantly different at p < 0.05 as determined by Duncan's multiple range test.



In this study of targeted young adult males, the BMD of the calcaneus according to coffee 
intake was not significantly different. Rico et al. [20] who measured bone status with the 
same method used in this study, reported that the caffeine intake of postmenopausal women 
had no significant relationship with the phalangeal bone ultrasound. Conlisk and Galuska 
[21] also reported no association between caffeine intake and BMD of the femoral neck and 
lumbar spine using dual-energy X-ray absorptiometry (DXA) in young adult males aged 19-26, 
a finding similar to that of this study. Although the subjects and the measurement method of 
BMD were different from those in this study, the results of no association between caffeine 
and coffee intake and BMD are consistent. Because the subjects were young under the age of 
30 when peak bone mass is completed, it should be considered that their coffee consumption 
period was relatively short and the difference in BMD among the subjects may have been low. 
Consequently, we analyzed the difference in bone metabolism-related biomarkers according 
to coffee intake level. As a result, serum TALP as a bone formation marker of the subjects 
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Table 4. Bone status by coffee intake in healthy adult males with below and above 75% of recommended calcium intake

Variables < 75% of recommended Ca intake ≥ 75% of recommended Ca intake
non-coffee 

(N = 39)
< 1 serving coffee 

a day (N = 87)
≥ 1 serving coffee 

a day (N = 33)
non-coffee 

(N = 51)
< 1 serving coffee 

a day (N = 92)
≥ 1 serving coffee 

a day (N = 28)
Estimated BMD, g/cm2 0.53 ± 0.12* 0.55 ± 0.11 0.56 ± 0.10 0.53 ± 0.08 0.57 ± 0.11 0.55 ± 0.08
QUI 95.26 ± 18.99 99.48 ± 17.10 100.33 ± 15.49 96.05 ± 12.26 101.83 ± 17.38 98.40 ± 13.39
BUA, dB/MHz 70.84 ± 17.49 75.80 ± 17.75 76.01 ± 14.00 72.47 ± 13.77 77.45 ± 17.43 73.85 ± 14.23
SOS, m/s 1,554.15 ± 30.91 1,559.38 ± 25.99 1,561.38 ± 27.20 1,554.51 ± 18.53 1,563.40 ± 26.82 1,558.83 ± 21.23
T-score -0.31 ± 1.25 -0.05 ± 1.13 0.03 ± 1.02 -0.25 ± 0.81 0.12 ± 1.15 -0.04 ± 0.806
Mean ± S.D.
BMD, bone mineral density; QUI, quantitative ultrasound index; BUA, broadband ultrasound attenuation; SOS, speed of sound.
*Values without any superscripts within a row are not significantly different by ANOVA test.

Table 5. Serum bone metabolism-related parameters by coffee intake in healthy adult males with below and above 75% of recommended calcium intakes

Variables < 75% of recommended Ca intake ≥ 75% of recommended Ca intake
non-coffee 

(N = 39)
< 1 serving coffee 

a day (N = 87)
≥ 1 serving coffee 

a day (N = 33)
non-coffee 

(N = 51)
< 1 serving coffee 

a day (N = 92)
≥ 1 serving coffee 

a day (N = 28)
TALP, U/L 87.00 ± 22.77* 84.94 ± 1.13* 75.79 ± 14.63† 81.94 ± 17.23 77.48 ± 17.04 82.50 ± 20.07
OC, µg/L 24.48 ± 5.81 26.49 ± 22.34 22.81 ± 6.05 24.04 ± 8.05 23.41 ± 7.02 24.04 ± 6.55
1CTP, µg/L 4.86 ± 1.34 4.85 ± 8.95 4.49 ± 0.97 4.58 ± 1.22 4.52 ± 1.25 4.32 ± 0.85
Mean ± S.D.
TALP, total alkaline phosphatase; OC, N-mid osteocalcin; 1CTP, Type 1 collagen C-terminal telopeptide.
*,†Values with different superscripts within a row are significantly different at p < 0.05 as determined by Duncan's multiple range test.

Figure 1. Least square means of serum total alkaline phosphatase (TALP), N-mid osteocalcin (OC), and type 1 
collagen C-terminal telopeptide (1CTP) in calcium-deficient subjects after adjusting for age, regular exercise 
status, and intake of energy, protein, calcium, sodium, milk, and carbonated beverages.



who consumed one or more servings of coffee per day with a calcium-deficient diet was lower 
than that of the low or no-coffee consumers. This result indicates that continuous drinking 
of one or more servings of coffee a day in young adult males may contribute to a deterioration 
of bone status by reducing bone formation. However, in the further analysis adjusting for 
possible confounders such as age, intake amount of energy, protein, calcium, milk, and 
carbonated beverage on bone metabolism, the significant difference in serum TALP level 
among the three coffee groups disappeared.

Although studies on the relation between caffeine or coffee intake and BMD are primarily 
targeted to women, only few studies have been conducted among the population of men. 
Studies of female subjects are divided into the premenopausal and postmenopausal women 
research because their bone metabolisms are dramatically different. This study is original 
in that it is a research conducted in the target population of young men with different 
consumption of coffee and during the period of accomplishing peak bone mass. Hallström 
et al. [22] reported that high coffee consumption, over 4 cups a day, had 4% lower BMD at 
the proximal femur compared with low or non-consumers of coffee in elderly men, but not 
in women. However, other previous studies targeting men showed no association between 
coffee consumption and BMD [25,26]. In this study, the significant association between 
coffee intake and BMD and bone metabolism markers was not observed. Considering the 
results of Hallström et al. [22] and the tendency of reduced bone formation markers in one 
or more servings of coffee per day of young adult males with a calcium-deficient diet in 
this study, high coffee consumption may be connected to a decrease in BMD. However, a 
longitudinal study on the effects of coffee consumption on bone status should be conducted 
in the future.

Studies that evaluate caffeine or coffee intake and its relation to BMD mainly use the food-
frequency questionnaire method. However, accurate assessment of the intake of caffeine 
is difficult because the range of caffeine content in coffee is broad depending on the type 
of coffee and its production method. In addition, because coffee contains a variety of 
ingredients including caffeine, the effect of coffee consumption on BMD can be different 
with that of caffeine only. Nevertheless, the relevance of coffee intake to BMD in most studies 
is interpreted by the effect of caffeine. The caffeine content of instant coffee investigated in 
this study was about 50 mg/cup (150 mL). Therefore, the daily caffeine intake of the subjects 
in this study was calculated under 20 mg for the < one-coffee group and about 100 mg for 
the ≥ one-coffee group. Caffeine is an ingredient in not only coffee but also tea, some soft 
drinks, cocoa, chocolate, etc. Lloyd et al. [16] reported that 90% of total caffeine intake/d 
is achieved through coffee and tea. Therefore, the actual caffeine intake of the subjects who 
consumed two cups of coffee per day in this study may have been slightly higher than 100 mg. 
Even though serum ALP of the ≥ one-coffee group tended to be lower than that of the other 
groups, their average caffeine intake of about 100 mg/day was not high enough to affect BMD 
and metabolism-related biomarkers.

Conlisk and Galuska [21] reported that the average caffeine intake evaluated using the intake 
frequency and amount of coffee, tea, caffeinated soft drink, and chocolate in 177 young adult 
women was 99.9 mg/day and caffeine intake at this level was not significantly related to BMD. 
Hasling et al. [23] reported that 112 mg of caffeine intake increases calcium loss by 0.24 mM/
day (up to 10 mg). However, Rico et al. [20] reported that when the subjects were stratified 
into the no more and more than 100 mg/day of caffeine, the BMDs between the two groups 
were not significantly different. Choi et al. [24] reported that the BMDs of the femoral neck 
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or lumbar spine among the premenopausal subjects who consumed less than a cup of coffee/
day, one cup, two cups, and three cups were not significantly different. These results of 
previous studies with a similar level of caffeine or coffee intake to that in this study showed 
no significant relationship with BMD, in line with the result of this study.

Interestingly, we found a positive association between coffee consumption and other 
beverage consumption such as milk and carbonated beverage. In other words, young adult 
males who consumed more coffee were more likely to drink milk or carbonated beverages. 
The effects of milk and carbonated beverages on bone are contradictory. Some studies have 
proved positive effects of milk on BMD in Koreans [27,28]. In contrast to milk, some of the 
epidemiologic studies reported negative effects of carbonated beverage (soda) consumption 
on bone health [29-31]. Several mechanisms have been suggested to explain a potential 
association between soda consumption and bone health [29], one of which is caffeine, an 
ingredient in many sodas and a risk factor for osteoporosis via the interference with calcium 
absorption and excretion [32]. These contrasting two factors are high in the higher coffee 
consumption group; therefore, we included both factors as confounders when comparing 
bone status and serum bone metabolism markers among the coffee consumption subgroups.

There are some limitations to generalize the results of this study. First, BMD, the main 
dependent variable, was measured by quantitative ultrasound of the calcaneus instead of the 
major sites of the femoral neck and lumbar spine using DXA measurements, so interpretation 
of the relevance of coffee intake to BMD may be restricted. Second, since coffee intake in this 
study was evaluated using self-report of the subjects, this level may be slightly different from 
the real coffee and caffeine intake. Third, even after some adjustments were made, potential 
confounding factors may have remained. Lastly, the study had a small sample size and thus 
needs to be repeated using a larger population. Despite these limitations, this study has 
strength in its originality and significant findings on the relevance of coffee intake to BMD and 
bone metabolism markers in young adult males, an understudied population in such research.

CONCLUSION

This study analyzed and compared the BMD and bone metabolism markers according to 
coffee intake in Korean young adult men aged 19-26 years. No significant associations were 
found between current coffee consumption level in Korean young men, and bone status and 
metabolism according to the calcium intake levels. Considering that coffee consumption is 
continuously increasing, while the problem of dietary calcium-deficient intake has not been 
solved, continued research on the effects of coffee intake and bone health in men relative to 
calcium intake is required.
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