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Association between sleep duration and bone mineral density density in Korean adults over 18years
old: Based on the Korea National Health and Nutrition Examination Survey, 2010

Gong-Myung Lee, Ji-Hye Hwang, Woo-Jeong Seo, Mi-Na Lee, Tae-Sung Kim, Hee-Cheol Kang’

Department of Family Medicine, College of Medicine, Yonsei University

Background: Sleep duration is associated with many diseases, yet few studies have been performed on the association between sleep duration and bone mineral density(BMD) in Korea.
In this study we investigated the association between sleep duration and bone mineral density in adults over 18 years of age.

Methods: Subjects of this study were adults over 18 years of age who responded to a questionnaire on sleep duration and underwent BMD measurement by dual X-ray absorptiometry.
Comprehensive data on the study sample was obtained from the Korean National Health and Nutrition Examination Survey(KHANES) conducted in 2010. Age- and sex-stratified
multiple regression analyses were conducted with adjustment for possible confounding factors.

Results: There was an inverse, dose-dependent association between sleep duration and BMD measured in the total femur, femur neck, lumbar spine and total bone in both women over
50 years of age and men between 30 and 49 years of age. Sex-stratified multiple regression analysis adjusted for age and body mass index revealed a negative correlation between
sleep duration and BMD in the total femur and femur neck in both genders over 50 years of age, as well as in women between ages 30 and 49. Initial significance disappeared after

adjustment for additional covariates including smoking, alcohol, and exercise.

Conclusion: Significant variations in regional BMD with sleep duration were observed among women and men between ages 30 and 49. Prolonged sleep duration appears to be a risk
factor for low bone mineral density. Thus, adequate sleep duration is important for preventing osteoporosis

Keywords: sleep duration, bone mineral density, Osteoporosis
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Table1. Baseline characteristics of male study subjects

Characteristic 18-29y(n=351) 30-49y(n=1064) 50(n=1140) p-value
Body composition
Height(cm) 174.71+0.36 171.8+0.23 167+0.23 <0.0001
Weight(kg) 71.64+0.68 72.2+0.41 66.32+0.38 <0.0001
Waist circumference(c m) 80.39+0.54 84.35+0.32 85.3+0.32 <0.0001
Body mass index(kg/m?) 23.45+0.21 2442+0.12 23.71+0.11 <0.0001
Social behaviors
Heavy drinker” 27(9.26%) 111(10.96%) 137(18.38%) 0.0005
Current smoker 172(57.51%) 848(82.06%) 927(84.16%) <0.0001
Regular exercise” 220(69.23%) 823(76.93%) 858(75.79%) 0.0319
Sleep duration, Mean(h) 7.09+0.15 7.04+0.20 7.12+0.27 0.9697
Serum vitamin D level(ng/mL) <0.0001
<12 88(23.40%) 160(16.38%) 190(16.21%)
12-20 190(55.30%) 528(48.74%) 433(38.23%)
>20 73(21.30%) 376(34.88%) 517(45.55%)
Daily calcium consumption(g) 570.68+23.54 628.19+14.48 576.79+13.15 0.0004
Comorbidity
Hypertension 6(1.64%) 77(7.58%) 432(34.87%) <0.0001
Dyslipidemia 2(0.32%) 62(5.56%) 141(13.15%)
Osteoarthritis/RA 3(1.30%) 19(1.63%) 96(7.36%) <0.0001
Diabetes mellitus 1(0.25%) 29(2.76%) 195(15.73%) <0.0001
Family Hx. of Osteoporosis™ 9(3.41%) 158(14.70%) 122(13.85%) <0.0001

* family history of osteoporosis or own past history of traumatic fracture

"Vigorous exercise for more than 20 minutes at least three times a week or moderate exercise or walking for more than 30minutes at least five times a week
" Those who answered to questionnaire as almost daily drinking

Anaylsis of variance(ANOVA) for continuous variables and chi-square test for categorical variables

Table 2. Baseline characteristics of females

Characteristic 18-29y(n=494) 30-49y(n=1291) 50(n=1385) p-value
Body composition
Height(cm) 161.34+0.34 159.05+0.18 153.12+0.2 <0.0001
Weight(kg) 55.67+0.53 58.09+0.3 56.81+0.27 0.0002
Waist circumference(cm) 71.22+0.52 76.27+0.39 82.11+0.31 <0.0001
Body mass index(kg/m?) 21.38+£0.19 2297+0.12 242+0.11 <0.0001
Health behaviors
Heavy drinker” 8(1.78%) 25(3.28%) 10(1.53%) 0.1311
Current smoker 69(16.04%) 137(12.23%) 89(8.16%) 0.0006
Regular exercise” 373(81.62%) 1032(80.31%) 1076(79.87%) 0.7920
Sleep duration, Mean(h) 7.414£0.08 7.22+0.13 7.39+0.33 0.5038
Serum vitamin D level(ng/mL) <0.0001
<12 188(36.25%) 334(26.91%) 359(23.88%)
12-20 237(49.37%) 728(54.26%) 616(45.32%)
>20 69(14.38%) 229(18.83%) 410(30.80%)
Daily calcium consumption(g) 4591+17.21 504.87+11.95 4455+ 10.46 <0.0001
Comorbidity
Hypertension 0(.) 43(3.59%) 553(42.06%)
Dyslipidemia 0(.) 28(2.09%) 251(18.69%)
Osteoarthritis/RA 3(0.47%) 42(3.77%) 465(34.55%) <0.0001
Diabetes mellitus 3(0.61%) 27(2.13) 153(11.69%) <0.0001
Family Hx. of Osteoporosis® 11(2.84%) 254(21.21%) 220(16.14%) <0.0001

* family history of osteoporosis or own past history of traumatic fracture

"Vigorous exercise for more than 20 minutes at least three times a week or moderate exercise or walking for more than 30minutes at least five times a week
" Those who answered to questionnaire as almost daily drinking

Anaylsis of variance(ANOVA) for continuous variables and chi-square test for categorical variables
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Table 3. The relationships between sleep duration and regional BMD by gender(Male) and age

BMD(g/cm?’)
Total femur Femur neck Lumbar Total bone
Male, 18~29 y(n=390)
Sleep duration(h)
<6(n=31) 1.005+0.009 0.907+0.014 0.980+0.012 1.187+£0.018
6~6.9(n=94) 1.021+£0.012 0.915+0.011 0.992+0.010 1.210£0.012
7~7.9(n=94) 1.034+£0.011 0.932+0.013 1.021+£0.012 1.198+0.010
8~8.9(n=73) 1.004+£0.013 0.919+£0.014 0.996+0.013 1.194+0.011
9(n=38) 1.009+0.020 0.918+0.023 0.983+0.023 1.195+£0.019
P for trend 0.8789 0.6830 0.8979 0.9966
Male 30~49y(n=1176)
Sleep duration(h)
<6(n=94) 1.016+£0.016 0.873+£0.017 1.005+£0.017 1.224+£0.016
6~6.9(n=332) 0.986+0.008 0.840+0.008 0.984+0.009 1.195+£0.009
7~7.9(n=330) 0.986+0.008 0.847+0.008 0.985+0.010 1.202+0.009
8~8.9(n=199) 0.964+0.008 0.819+0.009 0.965+0.008 1.180+0.007
9(n=48) 0.953+0.013 0.798+0.011 0.955+0.014 1.162+£0.011
P for trend 0.0030 0.0003 0.0179 0.0017
Male 50y(n=1203)
Sleep duration(h)
<6(n=195) 0.918+£0.010 0.753+£0.010 0.947+0.013 1.161£0.010
6~6.9(n=239) 0.940+0.009 0.765+0.008 0.965+0.011 1.156+£0.011
7~7.9(n=284) 0.939+0.009 0.771+0.009 0.952+0.012 1.160£0.010
8~8.9(n=265) 0.913+0.009 0.743+0.009 0.941+0.011 1.150+£0.009
9(n=95) 0.892+0.018 0.718+£0.014 0.945+0.019 1.137£0.014
P for trend 0.0730 0.0130 0.5434 0.1768

("): number of study subjects
BMD : bone mineral density

Data were calculated by simple linear regression analysis, values are presented as meanstandard error
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Table 4. The relationships between sleep duration and regional BMD by gender(Female) and age

BMD(g/cm?)
Total femur Femur neck Lumbar Total bone
Female, 18~29y(n=528)
Sleep duration(h)
<6(n=35) 0.911+£0.007 0.798+0.010 0.985+0.017 1.148+£0.010
6~6.9(n=91) 0.878+0.009 0.768+0.011 0.950+0.010 1.113£0.012
7~79(n=121) 0.892+0.008 0.784+0.009 0.981+0.009 1.125+£0.008
8~89(n=113) 0.869+0.009 0.768+0.012 0.933+£0.010 1.091+£0.010
9(n=68) 0.904+0.010 0.798+0.010 0.957+0.011 1.110£0.012
P for trend 0.5229 1.0000 0.1557 0.0072
Female, 30~49y(n=1356)
Sleep duration(h)
<6(n=96) 0.901+£0.009 0.756+£0.009 0.995+0.011 1.135£0.010
6~6.9(n=283) 0.890+0.008 0.750+0.008 0.980+0.008 1.144+0.007
7~79(n=421) 0.891+0.006 0.759+0.006 0.990+0.007 1.140+£0.007
8~8.9(n=302) 0.895+0.009 0.759+0.009 0.987+0.011 1.141£0.010
9(n=90) 0.871+£0.013 0.737+0.013 0.948+0.014 1.112+£0.012
P for trend 0.1265 0.4275 0.0306 0.1401
Female, 50(n=1464)
Sleep duration(h)
<6(n=330) 0.766+0.009 0.621+£0.008 0.818+£0.010 1.000£0.010
6~6.9(n=322) 0.790+0.008 0.645+0.006 0.834+0.010 1.042+0.009
7~7.9(n=327) 0.772+0.008 0.635+0.008 0.817+0.010 1.010+£0.008
8~8.9(n=252) 0.792+0.009 0.648+0.008 0.850+0.011 1.028+0.010
9(n=104) 0.723£0.011 0.584+0.010 0.762+£0.014 0.963+£0.011
P for trend 0.0033 0.0091 0.0169 0.0078

("): number of study subjects
BMD : bone mineral density

Data were calculated by simple linear regression analysis, values are presented as meanstandard error
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Table 5. Multi-variable adjusted analysis for the association between sleep duration on BMD stratified by gender and age*

. Unadjusted Model 1 Model 2 Model 3
Variable
B p-value B p-value B p-value B p-value

Female, 18-29y

Total femur 0.0011 0.7351 0.0046 0.1219 0.0052 0.1077 0.0067 0.1488

Femur neck 0.0030 0.4429 0.0065 0.0898 0.0088 0.0374 0.0096 0.0972

Lumbar spine -0.0035 0.3738 -0.0019 0.6168 -0.0025 0.5506 -0.0014 0.7688

Total BMD -0.0069 0.0292 -0.0064 0.0331 -0.0052 0.1243 -0.0036 0.3768
Female, 30-49y

Total femur -0.0017 <0.0001 -0.0010 0.0016 -0.0009 0.0133 0.0007 0.8341

Femur neck -0.0016 <0.0001 -0.0010 0.0003 -0.0008 0.0035 0.0008 0.8004

Lumbar spine -0.0020 0.0003 -0.0015 0.0036 -0.0013 0.0068 -0.0022 0.5853

Total BMD -0.0014 <0.0001 -0.0012 0.0001 -0.0011 0.0001 -0.0011 0.7764
Female, 50y<

Total femur -0.0018 <0.0001 -0.00087 0.0082 -0.0008 0.0120 -0.0034 0.2054

Femur neck -0.0015 <0.0001 -0.0007 0.0045 -0.0006 0.0115 -0.0016 0.5018

Lumbar spine -0.0021 <0.0001 -0.0008 0.0061 -0.0007 0.0061 0.0012 0.7334

Total BMD -0.0016 <0.0001 -0.00052 0.0632 -0.0004 0.1281 0.0016 0.6446
Male, 18-29y

Total femur -0.0010 0.1662 -0.0010 0.2127 0.0036 0.4809 0.0061 0.4027

Femur neck -0.0005 0.4640 -0.0010 0.2503 0.0037 0.4808 0.0045 0.5463

Lumbar spine -0.0012 0.1892 -0.0010 0.3689 0.0057 0.3567 0.0114 0.1553

Total BMD -0.0007 0.3115 -0.0006 0.3654 0.0015 0.7985 0.0075 0.2642
Male, 30-49y

Total femur -0.0013 0.1062 0.00077 0.1626 -0.0094 0.0086 -0.0085 0.0899

Femur neck -0.0008 0.4014 -0.0004 0.5742 -0.0115 0.0008 -0.0097 0.0421

Lumbar spine -0.0006 0.3807 -0.0002 0.6478 -0.0091 0.0139 -0.0107 0.0493

Total BMD 0.0007 9368 0.0003 0.5711 -0.0082 0.0360 -0.0104 0.0391
Male, 50y<

Total femur -0.0034 <0.0001 -0.0018 <0.0001 -0.0019 <0.0001 -0.0004 0.9050

Femur neck -0.0029 <0.0001 -0.0015 <0.0001 -0.0015 <0.0001 -0.0027 0.3480

Lumbar spine -0.0005 0.2093 0.0001 0.6058 0.0002 0.5357 -0.0054 0.2244

Total BMD -0.0025 <0.0001 -0.0018 <0.0001 -0.0018 <0.0001 0.0030 0.4704

BMD: bone mineral density

* Standardized regression of coefficients of total femur, femur neck, lumbar spine, and total BMD with sleep duration were calculated by multiple linear regression

analysis after adjusting for confounding factors.
“Model 1: age and body mass index.

" Model 2: age, body mass index, hypertension, diabetes mellitus, dyslipidemia, past history of osteoarthritis/Rheumatoid arthritis, and family history of osteoporosis.
*Model 3: age, body mass index, hypertension, diabetes mellitus, dyslipidemia, past history of osteoarthritis/Rheumatoid arthritis, family history of osteoporosis, daily
calcium intake, serum vitamin D level, smoking status, drinking status, and exercise habits.

Table 6. The relationships between sleep duration and Oste-oporosis

Osteoporosis
Odds ratio
Male, Female, 50,
50(n=1203) menopause (n=1464)
(95% Cl) (95% Cl)
Sleep duration(h)
<6 Ref Ref
6~6.9 0.407 (0.197,0.841) 0.749 (0.476, 1.179)
7~7.9 0.712(0.32, 1.582) 0.870 (0.593, 1.275)
8~8.9 0.975(0.452, 2.1) 0.621 (0.389, 0.99)
9< 1.158 (0.432,3.102) 1.553 (0.946, 2.547)
P for trend 0.0118 0.0267

" Gtoup of Sleep duration less than 6hours was compared with other sleep
duration groups

Korean J Fam Pract. 2015;5(3, suppl. 2):240-247
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Table 7. Odds ratio and 95% confidence intervals for the Osteoporosis according to prolonged sleep duration

Unadjusted Model 1 Model 2 Model 3
OR OR OR OR
P value P value P value P value
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

Male, 50y < 1.077 0.0360 1.049 0.0006 1.055 0.0006 1.048 0.7157

(1.012,1.14) (1.021,1.076) (1.023, 1.089) (0.813,1.351)
Female, 50y< 1.021 0.0089 1.013 0.2424 1.012 0.2564 1.058 0.5247

(1.005, 1.037) (0.992, 1.035) (0.991, 1.033) (0.89, 1.257)

“Model 1: age and body mass index.

"Model 2: age, body mass index, hypertension, diabetes mellitus, dyslipidemia, past history of osteoarthritis/Rheumatoid arthritis, and family history of osteoporosis.
*Model 3: age, body mass index, hypertension, diabetes mellitus, dyslipidemia, past history of osteoarthritis/Rheumatoid arthritis, family history of osteoporosis, daily
calcium intake, serum vitamin D level, smoking status, drinking status, and exercise habit
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