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Abstract
The purpose of this study was to compare the dietary habits, nutrient intake, bone mineral density (BMD) and bone metabolism in Korean male

collegians as related to smoking situation. One hundred sixty one young adult males at the age of 20-26 participated in this study. The subjects 
were divided into four groups: non smoker (n=42), light smoker (n=34), moderate smoker (n=49) and heavy smoker (n=36). The anthropometric 
characteristics, smoking situations, dietary habits and nutrient intakes were observed. Bone status of the calcaneus was measured by using quantitative
ultrasound (QUS). Bone metabolism markers including serum alkaline phosphatase activity (ALP) and N-mid osteocalcin (OC) were analyzed. There
were no significant differences in height, weight, BMI, energy and calcium intake among the four groups. Iron intake of moderate and heavy smoker
was significantly lower than that of light smoker. Heavy smokers consumed significantly lower vitamin C than moderate smokers, and their coffee 
consumption and lifetime alcohol consumption were significantly highest among the 4 groups. QUS parameters and serum ALP were not significantly
different among the four groups. Serum OC levels were significantly lower in heavy and non smoker group compared to the moderate smoker
group. In conclusion, heavy smokers in young male collegians had undesirable lifestyle and dietary habits, like as high consumption of coffee and
alcohol, and low intake of Fe and vitamin C. Although, there was no significant difference in their current bone status from the other groups,
these undesirable factors with heavy smoking may affect their bone health in the long term.
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Introduction7)

Osteoporosis is a metabolic disorder of the fracture-developing 
condition by the reduction of the bone mass (Spencer & 
Krammer, 1986). It was thought to be a common disorder in 
women in the past, but it is recognized as a main disease in 
men as the average life expectancy continues to increase. The 
bone loss in men also becomes a risk factor for developing 
fracture as in women. Melton et al. (1998) and Legrand et al. 
(1999) reported that osteoporotic men had almost 2~2.7 times 
the fracture risk than men with normal bone mineral density.

Osteoporosis is affected by numerous factors, including age, 
dietary factors, lack of exercise, menopause, underweight, 
excessive alcohol consumption, cigarette smoking, excessive 
caffeine consumption and so on, which are thought to contribute 
negatively to bone health (Ilich & Kerstetter, 2000). Especially 
cigarette smoking is negatively associated with Ca and vitamin 
D metabolism (Kim et al., 2003; Kwak et al., 2000). And 
smoking significantly reduced femoral bone mineral density in 
healthy postmenopausal women (Hansen et al., 1991). According 
to a study of meta-analysis by Law and Hackshaw (1997), there 
was no significant difference in hip fracture rates of the subjects 

at the age of 50 between smokers and nonsmokers, while those 
for smokers in their 60s’ were increased compared to that of 
nonsmoker counterpart. Seeman et al. (1983) indicated that 
smokers were likely to have vertebrae fractures by about 2.3 
times osteoporosis-related than non smokers. For that reason, 
smoking is thought to affect the bone health negatively. 

Also Midgette et al. (1993) reported that smokers ingested less 
healthier diets and more caffeine and alcohol. Caffeine and 
alcohol are risk factors for developing osteoporosis (Grazio et 
al., 2005; Sakamoto et al., 2001). A study by Dallongeville et 
al. (1998) showed that smokers ingested less vitamin C, vitamin 
E, Ca, and Mg good for bone health than non smokers, resulting 
in adverse effects on the bone health.

Statistics indicate that 52.3% of Korean men at 19 years or 
older smokes; among them 55.6% are 19 to 29 year olds (Korean 
Ministry of Health and Welfare, 2006). Smoking in the age of 
19 to 29 years may influence health over the course of their 
whole lifetimes, although it is not until after a long time that 
health trouble typically occurs. In the chronic disease like 
osteoporosis, prevention is more important than treatment. So 
it seems necessary to study the effect of smoking on the bone 
and nutrition status.
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The purpose of this study was to investigate the relationship 
between food habits, nutrient intake, bone status and the smoking 
situation in Korean healthy male collegians. For this study, 161 
healthy male collegians were recruited and divided into four 
groups as related to their current smoking situation. And the data 
on their nutrient intake, dietary habits and lifestyle were 
ascertained. Also, their bone status using ultrasound techniques 
and blood bone metabolism markers were assessed.

Subjects and Methods

Subjects and study design

The 483 male collegians aged 20-26 y were recruited from the 
Gyeonggi-do area in Korea through posters and announcement 
notices. All subjects completed a questionnaire upon study entry. 
161 subjects were selected and divided into 4 groups according 
to their smoking situations: non smoker (n=42), light smoker 
(n=34), moderate smoker (n=49) and heavy smoker (n=36). The 
heavy smoker group was composed of subjects who smoked over 
20 cigarettes a day. The moderate smoker group was composed 
of subjects who smoked 10~20 cigarettes a day. The light smoker 
group was composed of subjects who smoked under 10 cigarettes 
a day. This grouping was referred to previous studies (Webb 
& Carey, 2008). Anthropometric characteristics of the subjects 
were observed. The quantitative ultrasound was used for bone 
mineral density (BMD) of calcaneus and bone metabolism 
markers including serum alkaline phosphatase activity (ALP) and 
N-mid osteocalcin (OC) were analyzed. 

Anthropometric measurements

Height and weight was measured by using an electrical digital 
scale (DS-102, JENIX, Korea) in the standing position with light 
clothes. Body mass index (BMI) was calculated from the 
measured weight and height measurements as weight/height2 
(kg/m2).

Questionnaire interview

All volunteers completed a questionnaire conducted by the 
investigators. The questionnaire included the participant’s age, 
cigarette smoking history, alcohol drinking history, physical 
activity, and food habits like as frequency of meal, milk 
consumption and carbonated beverage consumption (Grainge et 
al., 1998). Questions about cigarette smoking situations included 
whether they had smoked or not, the number of cigarettes smoked 
a day, and the duration of smoking history. Also smoking status 
was expressed as pack-years (The sum of the number of cigarettes 
smoked per day in each year of life up until the time of the 
scan, divided by 20, the number of cigarettes in a packet). 
Questions about their alcohol consumption included whether they 

consumed alcohol or not, frequencies of alcohol drinking, 
amounts of alcohol consumed on each, and the duration of 
drinking history. Food intakes were surveyed by using 3 days 
24-hr recall method under the guidance of investigators. Food 
models, measuring cups, household glasses, bowl and spoons 
familiar to the respondents were used to help the subjects recall 
the portion sizes. Energy and nutrient intakes were calculated 
by using the CAN-Pro 2.0 (The Korean Nutrition Society, 2002).

Measurement of bone status

Bone status of the calcaneus was measured by using quantitative 
ultrasound (Sahara, Hologic, USA). The measurements obtained 
included the broadband ultrasound attenuation (BUA), speed of 
sound (SOS), and QUI (Quantitative ultrasound index) from which 
bone mineral density (BMD) and T-scores estimations were 
computed. The assessment of bone status using quantitative 
ultrasound (QUS) techniques may offer a possible alternative to 
the central dual-energy X-ray absorptiometry (DXA) assessment, 
because QUS is radiation free, relatively cheep and easily 
transportable (Gonnelli et al., 2005). Some studies have reported 
that QUS parameters at the calcaneus can discriminate male patients 
with fracture from control subjects (Pluskiewicz & Drozdzowska, 
1999).

Blood bone metabolism markers analysis

Ten milliliters of blood from each subject were collected using 
evacuated tubes. After blood samples were left at room temperature 
for about 30 minutes, they were centrifuged for 15 minutes at 
3,000 rpm for serum alkaline phosphatase (Autoanalyzer, Toshiba, 
Japan) and N-mid osteocalcin (Osteo-RIACT, CIS Bio Interna-
tional, France) analysis.

Statistical analysis

The data were given numerically as means with standard 
deviations. ANOVA analysis (One-Way Analysis of Variance) 
and Duncan's multiple range tests were carried out to identify 
any significant differences among the 4 groups. Chi-square tests 
were used to test significance on the distribution rate within the 
groups. Data analysis was conducted using statistical software 
package for Windows (SAS version 8.01, SAS institute, USA).

Results

General characteristics

The mean age of the subjects was 23.7 in non smoker group, 
23.3 in light smoker group, 23.8 in moderate smoker group, and 
24.6 in heavy smoker group. No significant differences were 
found in height, weight and BMI among the groups (Table 1). 
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Table 1. General characteristics of subjects 

Non smoker (n=42) Light smoker (n=34) Moderate smoker (n=49) Heavy smoker (n=36) Significance
Age (yrs)    23.7 ±  2.21)  23.3 ± 2.0  23.8 ± 1.7  24.6 ± 1.7 NS2)

Height (cm) 173.3 ± 3.9 175.0 ± 4.7 175.1 ± 4.5 175.0 ± 4.9 NS
Weight (kg)  66.8 ± 9.5  70.1 ± 7.9  69.2 ± 7.9  71.8 ± 9.8 NS
BMI (kg/m2)  22.2 ± 3.1  22.8 ± 2.1  22.5 ± 2.4  23.4 ± 2.9 NS
Smoking amount (cigarette/day)   0.0 ± 0.0d3)   4.2 ± 1.7c  11.5 ± 2.3b  20.1 ± 0.3a p<0.001
Smoking duration (years)   0.0 ± 0.0d   3.8 ± 2.1c   5.3 ± 1.9b   6.2 ± 2.4a p<0.001
Smoking history (pack years4))   0.0 ± 0.0d   0.9 ± 0.7c   3.1 ± 1.4b   6.1 ± 2.3a p<0.001
1) Mean ± SD
2) Not Significant
3) Values with different superscripts within a row are significantly different at a=0.05 as determined by Duncan's multiple range test.
4) The sum of the number of cigarettes smoked per day in each year of life up until the time of the scan, divided by 20, the number of cigarettes in a packet 

Table 2. Dietary habits and life styles of subjects

Variables Criteria Non smoker (n=42) Light smoker (n=34) Moderate smoker (n=49) Heavy smoker (n=36) Significance

Frequency of 
having meals

Breakfast Everyday  7 (16.7)1)  6 (17.6)  9 (19.6)  4 (11.8) NS4)

5~6 times/week  7 (16.7)  6 (17.6)  4 (8.7)  3 (8.8)
3~4 times/week  6 (14.3)  4 (11.8)  3 (6.5)  4 (11.8)
1~2 times/week 15 (35.7) 14 (41.2) 14 (30.4) 15 (44.1)
Never  7 (16.7)  4 (11.8) 16 (34.8)  8 (23.5)

Lunch Everyday 33 (78.6) 27 (79.4) 38 (79.2) 26 (72.2) NS
5~6 times/week  8 (19.1)  4 (11.8)  6 (12.5)  7 (19.4)
3~4 times/week  1 (2.4)  3 (8.8)  4 (8.3)  3 (8.3)
Under 2 times/week  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)

Dinner Everyday 95 (76.6) 24 (70.6) 41 (85.4) 24 (66.7) p<0.05
5~6 times/week 22 (17.7)  7 (20.6)  4 (8.3) 11 (30.6)
3~4 times/week  7 (5.7)  3 (8.8)  3 (6.3)  1 (2.8)
Under 2 times/week  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)

Alcohol drinking 
status

Yes 29 (69.1) 31 (91.2) 48 (98.0) 35 (97.2) p<0.001
No 13 (30.9)  3 (8.8)  1 (2.0)  1 (2.8)
Alcohol drinking frequency (times/week)   1.2 ± 1.42)   1.3 ± 1.1   1.6 ± 0.9   1.6 ± 0.9 NS
Alcohol drinking amount (pure alcohol g/day)  16.8 ± 26.8  17.0 ± 18.4  24.9 ± 20.9  23.4 ± 22.5 NS
Alcohol drinking duration (years)   4.6 ± 3.5c3)   5.1 ± 2.4b   6.3 ± 1.8a   6.3 ± 2.3a p<0.01

Non alcoholic 
beverage 
drinking status

Milk
Yes 38 (90.5) 32 (94.1) 42 (85.7) 31 (86.1) NS
No  4 (9.5)  2 (5.9)  7 (14.3)  5 (13.9)
amount (ml/week) 658.5 ± 959.4 617.6 ± 439.3 571.1 ± 541.3 527.3 ± 504.5 NS

Refreshing beverage
Yes 35 (83.3) 28 (82.4) 45 (91.8) 28 (77.8) NS
No  7 (16.7)  6 (17.6)  4 (8.2)  8 (22.2)
amount (ml/week) 439.8 ± 531.5b 459.4 ± 719.1b 881.8 ± 1321.6a 441.7 ± 460.7b p<0.05

Coffee
Yes 27 (64.3) 27 (79.4) 48 (98.0) 36 (100.0) p<0.001
No 15 (35.7)  7 (20.6)  1 (2.0)  0 (0.0)
amount (ml/week) 416.2 ± 588.3b 515.8 ± 578.0b 672.2 ± 784.1ab 891.2 ± 1018.4a p<0.05

Regular
exercise

Yes 18 (42.9)  8 (23.5) 11 (22.4)  9 (25.0) NS
No 24 (57.1) 26 (76.5) 38 (77.6) 27 (75.0)

1) n (%)  
2) Mean ± SD
3) Values with different superscripts within a row are significantly different at a=0.05 as determined by Duncan's multiple range test.
4) Not significant  

The average number of smoked cigarettes of the subjects was 
4.2 in light smoker group, 11.5 in moderate smoker group, and 
20.1 in heavy smoker group. 

Life styles and dietary habits

There was no significant difference in frequencies of having 
breakfast and lunch among the 4 groups (Table 3). However, 
frequency of having dinner in heavy smoker group was 
significantly higher than that in the other groups (p<0.05). The 
proportion of drinking alcohol in smoker groups was over 90%, 
and it was significantly higher than that of non smoker group 
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Table 3. Nutrient mean intakes as related to smoking situation

Nutrient Non smoker (n=42) Light smoker (n=34) Moderate smoker (n=49) Heavy smoker (n=36) Significance
Energy (kcal) 2256.2 ± 607.51) 2207.1 ± 745.0 2118.5 ± 546.2 2165.5 ± 709.0 NS2)

Protein (g)   83.3 ± 24.4   84.9 ± 31.9   79.3 ± 26.2   77.5 ± 31.2 NS
  Animal protein   45.7 ± 23.1   48.7 ± 29.8   42.7 ± 22.2   42.4 ± 27.4 NS
  Plant protein   37.6 ± 12.7   36.2 ± 13.4   36.5 ± 12.5   35.0 ± 9.8 NS
Fat (g)   67.3 ± 29.3   68.3 ± 37.0   61.2 ± 29.3   64.7 ± 40.7 NS
  Animal fat   38.4 ± 24.9   39.0 ± 37.0   36.5 ± 26.0   38.7 ± 39.3 NS
  Plant fat   28.8 ± 13.1   29.3 ± 15.0   24.7 ± 13.3   25.9 ± 16.7 NS
Carbohydrate (g)  323.9 ± 88.3  308.4 ± 93.8  304.0 ± 78.1  307.5 ± 83.2 NS
Fiber (g)    6.0 ± 3.2    6.4 ± 4.7    6.5 ± 3.0    5.8 ± 2.2 NS
Ash (g)   20.1 ± 6.4   20.9 ± 6.6   20.6 ± 7.3   19.9 ± 7.0 NS
Calcium (mg)  559.0 ± 262.1  625.8 ± 359.1  572.6 ± 251.0  512.7 ± 220.7 NS
  Animal calcium  293.0 ± 203.2  336.9 ± 291.7  291.5 ± 210.9  267.6 ± 192.6 NS
  Plant calcium  266.0 ± 126.9  288.8 ± 231.8  281.0 ± 126.8  245.1 ± 86.7 NS
Phosphorus (mg) 1094.3 ± 336.5 1157.6 ± 417.4 1081.9 ± 318.0 1032.8 ± 365.9 NS
Sodium (mg) 4587.5 ± 1571.0 4730.7 ± 1534.5 4886.4 ± 1696.3 4681.3 ± 1939.9 NS
Potassium (mg) 2629.8 ± 914.5 2585.8 ± 766.5 2564.6 ± 798.6 2495.9 ± 822.2 NS
Iron (mg)   15.9 ± 8.5ab3)   19.2 ± 18.6a   13.6 ± 5.9b   12.3 ± 5.1b p<0.05
  Animal iron    3.9 ± 2.0    4.5 ± 3.3    3.9 ± 2.2    3.5 ± 2.1 NS
  Plant iron   11.9 ± 7.9   14.6 ± 18.2    9.6 ± 5.0    8.7 ± 3.3 NS
Zinc (mg)   10.3 ± 3.0   10.1 ± 3.3    9.9 ± 3.3    9.2 ± 3.2 NS
Vitamin A (R.E.)  715.7 ± 376.6  835.8 ± 457.0  798.0 ± 423.5  816.7 ± 492.9 NS
  Retinol (μg)  162.3 ± 123.4  137.3 ± 94.8  129.7 ± 106.9  167.9 ± 231.6 NS
  Carotene (μg) 3052.9 ± 1932.5 3584.8 ± 2300.2 3722.8 ± 2333.8 3580.2 ± 2436.6 NS
Vitamin B1 (mg)    1.4 ± 0.5    1.4 ± 0.7    1.3 ± 0.6    1.4 ± 1.2 NS
Vitamin B2 (mg)    1.2 ± 0.5    1.3 ± 0.8    1.2 ± 0.5    1.3 ± 0.8 NS
VitaminB6 (mg)   17.8 ± 7.4   18.3 ± 8.6   16.8 ± 6.6   17.7 ± 12.3 NS
Niacin (mg)    1.9 ± 0.6    2.0 ± 0.6    2.0 ± 0.6    2.0 ± 0.7 NS
Folate (μg)  224.0 ± 109.6  232.7 ± 99.2  223.3 ± 83.0  210.5 ± 93.0 NS
Vitamin C (mg)   90.3 ± 67.7ab   83.4 ± 50.6ab  104.7 ± 72.3a   74.1 ± 39.5b p<0.05
Vitamin E (mg a-TE)   12.4 ± 6.3   12.6 ± 6.9   12.2 ± 6.3   12.7 ± 7.4 NS
Cholesterol (mg)  384.5 ±  274.2  409.7 ± 235.0  382.2 ± 233.7  386.9 ± 238.6 NS
1) Mean ± SD  
2) Not significant  
3) Values with different superscripts within a row are significantly different at a=0.05 as determined by Duncan's multiple range test  

(p<0.001) Drinking history was long in order: moderate and 
heavy smoker, light smoker and non smoker (p<0.01). The 
amount of drinking refreshing beverage in moderate smoker was 
higher than the other groups (p<0.05). The proportion of the 
subjects who drink coffee were higher in moderate (98.0%) and 
heavy smoker (100.0%) group than that in light (79.4%) and 
non smoker (64.3%) group (p<0.001). And the mean amount of 
coffee drunk in heavy smoker group was significantly higher than 
in non and moderate smoker group (p<0.05). There was no 
significance difference in exercise and milk consumption status 
among the 4 groups. 

Nutrient intakes

Nutrient intakes of each group are shown in Tables 3 and 4. 
No significant difference was found in the intakes of nutrients 
except vitamin C and iron among the four groups. Iron intake 
of moderate and heavy smoker group was significantly lower 

than that of light smoker group (p<0.05). The vitamin C intake 
in heavy smoker was significantly lower than that in moderate 
smokers (p<0.05). 

Quantitative ultrasound parameters and blood bone metabolism 
parameters

Quantitative ultrasound (QUS) parameters of the calcaneus 
among the four groups are shown in Table 5. QUS parameters 
of the calcaneus were not significantly different among the four 
groups. However, serum osteocalcin levels were significantly 
lower in heavy and non smoker group compared to the moderate 
smoker group (p<0.05). Serum ALP tended to be lower in heavy 
smoker than the other groups, although there were no statistical 
differences.
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Table 5. Bone mineral density and serum bone metabolism markers as related to smoking situation

Non smoker (n=42) Light smoker (n=34) Moderate smoker (n=49) Heavy smoker (n=36) Significance
Estimated BMD3) (g/cm2)    0.55 ± 0.081)    0.53 ± 0.09    0.54 ± 0.08    0.52 ± 0.08 NS2)

QUI4)/Stiffness  100.00 ± 13.41   97.26 ± 14.92   97.93 ± 12.68   96.83 ± 13.30 NS
BUA5) (dB/MHz)   75.74 ± 13.87   73.63 ± 16.76   75.59 ± 14.40   74.88 ± 14.00 NS
SOS6) (m/s) 1560.85 ± 21.23 1556.55 ± 21.90 1555.93 ± 18.27 1553.99 ± 20.52 NS
T-Score     0.03 ± 0.83   -0.17 ± 0.98   -0.12 ± 0.83   -0.21 ± 0.88 NS
Total alkalinephosphatase (U/L)   77.02 ± 17.67   76.00 ± 14.17   79.38 ± 21.52   75.08 ± 15.04 NS
N-mid osteocalcin (ng/mL)   22.00 ± 5.91b7)   23.00 ± 6.04ab   25.33 ± 7.87a   21.46 ± 4.57b p<0.05
1) Mean ± SD  
2) Not significant  
3) Bone Mineral Density
4) Quantitative Ultrasound Index
5) Broadband Ultrasound Attenuation
6) Speed Of Sound
7) Values with different superscripts within a row are significantly different at a=0.05 as determined by Duncan's multiple range test  

Table 4. Percentage of recommended intake (RI) and proportion of subjects who consumed under estimated average requirements as related to smoking situation

Nutrient Non smoker (n=42) Light smoker (n=34) Moderate smoker (n=49) Heavy smoker (n=36) Significance

%RI1) %People 
<EAR2) %RI %People 

<EAR %RI %People 
<EAR %RI %People 

<EAR %RI %People 
<EAR

Energy3)  86.6 ± 23.44) 73.8  84.8 ± 28.8 79.4  81.4 ± 21.0 79.6  83.2 ± 27.3 80.6 NS5) NS
Protein 150.7 ± 44.7  2.4 154.0 ± 58.6  8.8 144.1 ± 47.9  8.2 140.7 ± 57.1  8.3 NS NS
Calcium  77.7 ± 36.9 52.4  88.3 ± 52.1 47.1  81.2 ± 35.7 51.0  72.9 ± 32.0 63.9 NS NS
Phosphorus 152.7 ± 48.6  4.8 163.4 ± 61.8  5.9 153.7 ± 46.1  8.2 146.7 ± 53.5 11.1 NS NS
Iron 155.4 ± 87.0abab6) 14.3 190.8 ± 187.3a 11.8 135.6 ± 59.7b 12.2 122.4 ± 52.0b 11.1 p<0.05 NS
Zinc 103.1 ± 30.9 26.2 101.6 ± 33.5 29.4  99.6 ± 33.8 26.5  92.7 ± 32.6 38.9 NS NS
Vitamin A  94.3 ± 49.4 35.7 110.5 ± 60.2 32.4 106.2 ± 56.6 28.6 108.7 ± 65.9 36.1 NS NS
Vitamin B1 122.0 ± 50.3 21.4 118.4 ± 63.9 26.5 113.6 ± 52.6 28.6 120.7 ± 107.2 22.2 NS NS
Vitamin B2  85.6 ± 34.8 54.8  91.4 ± 54.1 61.8  84.1 ± 34.3 51.0  87.8 ± 57.6 69.4 NS NS
VitaminB6 127.3 ± 40.0 14.3 132.6 ± 43.3 11.8 135.6 ± 40.9  6.1 136.9 ± 51.9 19.4 NS NS
Niacin 110.7 ± 47.0 19.1 114.4 ± 54.6 20.6 105.3 ± 21.0 28.6 110.9 ± 77.6 27.8 NS NS
Folate  56.0 ± 27.4 83.3  58.2 ± 24.8 91.2  55.8 ± 20.8 87.8  52.6 ± 23.3 83.3 NS NS
Vitamin C  89.2 ± 65.3 50.0  83.1 ± 50.8 52.9 104.7 ± 72.4 38.8  74.1 ± 39.6 63.9 NS NS
1) Percent of Recommended Intake (RI)
2) Percent of people whose intakes do not meet Estimated Average Requirements (EAR)
3) Percent of Estimated Energy Requirements (EER) corresponds to the EAR for the other nutrients is suggested for energy
4) Mean ± SD  
5) Not significant  
6) Values with different superscripts within a row are significantly different at a=0.05 as determined by Duncan's multiple range test  

Discussion

Dietary habit and smoking

The current study result shows that the subject in heavy 
smoking group drinks more caffeine and alcohol than the other 
groups. In other words, heavy smokers appear to have undesirable 
lifestyle for bone health. This result is similar to some studies 
by Field et al. (2005), Saules et al. (2004), and Szule et al. (2002) 
that smokers consumed more alcohol as well as more frequently 
and they also drink more caffeine than nonsmokers.

Hoidrup et al. (1999) reported that the subjects with the higher 
alcohol consumption had the higher rates of hip fracture. Chronic 
alcohol consumption results in the deficiency of nutrients such 
as Ca, Mg, and Zn, which are essential for bone health, metabolic 
troubles such as abnormal vitamin D metabolism and functional 

deficiency of PTH, and the induction of direct toxicity on 
osteoblasts (Ilich & Kerstetter, 2000). 

Caffeine also may have a deleterious effect on bone health. 
Massey and Whiting (1993) reported that high caffeine intake 
resulted in increased Ca excretion and decreased Ca absorption. 
It was suggested that excessive caffeine intake might decrease 
bone mineral (Medras et al., 2000), and showed a negative 
association between caffeine intake and bone mineral density 
(Rubin et al., 1999). 

Nutrients intake and smoking

Lloveras et al. (2001) reported that male smokers had fewer 
intakes of dairy products and fruits than nonsmokers. Gamber 
et al. (1995) and Dyer et al. (2003) also reported that smokers 
had less Ca intake and lack of exercise. In this study, heavy 
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smokers ingested significantly less vitamin C than the moderate 
smoker and less Fe than the light smoker groups. Vitamin C 
and Fe play an important role for bone formation. Vitamin C 
is involved in the synthesis of collagen and the regulation of 
osteoblast differentiation. Fe also acts as a catalytic cofactor in 
collage maturation (Prockop, 1971). In the study by the Prynne 
et al. (2006), vitamin C showed a positive association with bone 
mineral status at several sites in boys aged 16 year to 18 year. 
That is, the boys achieved a greater increment of 0.003 (whole 
body) to 0.005 (femoral neck) g/cm2 on the increase of vitamin 
C intake. Medeiros et al. (1997) reported that Fe-deficient 
growing rats had less strength for bone fracture than Fe-adequate 
rats. In the study of Angus et al. (1988), Fe intake showed a 
positive association with BMD of thigh, even if Ca intake did 
not show a significant association with BMD. Like this, smoking 
may be harmful for bone health, because nutrient intake can be 
influenced by smoking. For that reason, low Vitamin C and Fe 
intakes of heavy smokers in our study seemed to have negative 
influences on the bone metabolism.

Smoking and bone health in male collegian

Smoking is known to act complexly on the bone health in 
the nutrition and bone metabolism. De Vernejoul et al. (1983) 
and Ramp et al. (1991) reported that toxic materials resulted from 
cigarette smoke, such as nicotine, Pb, Cd etc., might act 
negatively on the osteoblast and the collagen formation. Supervia 
et al. (2006) and Benson and Shulman (2005) reported that 
smokers had significantly lower BMD than nonsmokers and 
smoking increased bone resorption and altered the sex hormone 
metabolism. Lorentzon et al. (2007) also reported that BMD 
measurements of the lumbar vertebra in male smokers were 
significantly lower than those in nonsmokers. When Vogel et 
al. (1997) was assessed in 1303 male Japanese-Americans, BMD 
of heel bone (cancellous) and lumba (trabecula) in non smokers 
were significantly higher than those of current and past smokers. 
Ortego-Ceneno et al. (1997) also provided evidence that heavy 
smokers (more than 20 cigarettes/day) had significantly lower 
BMD in all skeletal sites than non smokers for healthy males 
at the age of 20 to 45 years. In our study, however bone mineral 
density was not significantly different among the groups as 
related to smoking situation. Thus, the disagreement of our results 
may be due to the characteristics of our study population, young 
adult males who have a relatively short history of cigarette 
smoking. Actually, the average smoking duration of smokers was 
3.8~6.2 years. In addition, our study only examined 1 bone site 
in the subjects. Further studies are therefore warranted to include 
various aged subjects to investigate the effects on BMD of 
smoking as well as measurement of several bone sites in men.

Some studies of smoking on osteocalcin have shown mixed 
effects. Laroche et al. (1994) reported that daily smoking resulted 
in a significant decrease in osteocalcin levels compared to 
nonsmoking subjects. In contrast to this study, Ortego-Centeno 

et al. (1997) found that there was no significant difference 
between smoking and serum osteocalcin depending on smoking 
in male subjects aged 27-28 years. 

In this current study, although serum osteocalcin levels in 
heavy smoker group were significantly lower than those in 
moderate smoker group, they were not significantly different 
from any other groups. Under the present conditions with some 
limitations as mentioned earlier, the conclusion may not be 
mentioned in the same breath. However, BMD by ultrasound 
and serum osteocalcin tend to be low in the male collegian 
subjects who smoke about one pack of cigarettes daily and have 
smoked for 5 years or more. 

In conclusion, heavy smokers in young male collegians had 
undesirable lifestyles and dietary habits such as high consumption 
of coffee and alcohol, and low intake of Fe and vitamin C. 
Although, there was no significant difference in their current 
BMD from the other groups, these undesirable factors with heavy 
smoking may affect their bone health in the long term. Therefore, 
in addition to antismoking education, intensive individualized 
education for smokers on desirable dietary habits and balanced 
nutrient intake appears to be necessary to have beneficial effects 
on bone health. 
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