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[Abstract]

Relationship between bone mineral density (BMD) and type 2 diabetes is still inconsistent. Recently,
many epidemiologic data show that fracture risk is increased in type 2 diabetic patients regardless of
BMD status. In this study, we used nation-wide data from 2008 to 2011 Korea National Health and
Nutrition Examination Survey (KNHANES) to analyze the BMD status in patients with type 2 diabetes
compared to non-diabetics. We included subjects aged 50 years or older in men (N=2,959, 2430
without diabetes, 529 with type 2 diabetes) and postmenopausal women (N=2,902, 2,479 without
diabetes, 423 with type 2 diabetes). Subjects with history of medication for osteoporosis or with illness
or malignancy affecting bone metabolism were excluded. Data of anthropometric measurements and
demographic characteristics were collected by trained examiner. Serum was separated from peripheral
venous blood samples obtained after 8 hours of fasting. BMD was measured at lumbar spine and femur
using dual-energy X-ray absorptiometry (DXA). There was a significant positive association between
lumbar spine BMD and type 2 diabetes after adjusting age, gender, body mass index, monthly house
income, education level, physical activity, daily calcium intake and vitamin D concentration by multiple
regression analysis in all subjects. In the subgroup analysis by gender, this association was maintained
both in male and female after adjusting those confounding factors. However, femur BMD was not
different between type 2 diabetic and non-diabetic subjects. In conclusion, lumbar spine BMD was
significantly higher in type 2 diabetic patients aged 50 years or more in men and postmenopausal

women compared to non-diabetic subjects.
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2. Methods
2.1 Characteristics of subjects
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2.2 Clinical and laboratory examinations
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Table 1. Anthropometric and lifestyle characteristics according to the presence of type 2 diabetes aged
50 years or older in male and postmenopausal women

Men (N=2,959) Women (N=2,902)
Variables Non-diabetics Type 2 diabetes Non-diabetics Type 2 diabetes
(N=2,430) (N=529) (N=2,479) (N=423)
Age (years) 59.8£0.1 60.8+0.4* 61.4+0.2 64.7£0.5xxx
Age of menarche (years) - - 15.7£0.0 15.7£0.1
Age of menopause (years) - - 49 .2+0.1 48.7£0.3
YSM (years) - - 12.4£0.3 15.9£0.8%*x*
Duration of diabetes (years) - 77104 7.71£0.4
Height (cm) 167.4+0.1 166.7£0.2* 153.8+0.1 153.4£0.2
Weight (kg) 66.4%£0.2 68.910.5%*x* 56.3£0.1 59.310.5%*x*
Body mass index (kg/m?) 23.6£0.0 24.7+0.1%*x* 23.7£0.0 25.1£0.2%*x
Obesity p=0.000 p=0.000
Underweight 88(3.2) 5(0.6) 73(2.7) 7(1.6)
Normal 1597(65.2) 290(50.4) 1613(66.4) 203(48.5)
Obesity 741(31.6) 233(49.0) 791(30.9) 213(49.9)
Waist circumference (cm) 84.7£0.2 88.210.4%*x* 81.0£0.2 86.3+£0.5**x
Systolic BP (mmHg) 124.0£0.5 124.9£0.9 124.1£0.5 130.441.0%**
Diastolic BP (mmHg) 78.8+£0.3 77.2%0.5* 76.5+0.2 75.9£0.5
Hypertension p=0.000 p=0.000
No 1249(52.5) 194(37.3) 1362(56.8) 130(31.9)
Yes 1176(47.5) 332(62.7) 1115(43.2) 291(68.1)
Education level p=0.095 p=0.000
<Elementary school 800(29.5) 171(29.4) 1492(56.5) 314(72.0)
Middle school 508(21.4) 120(23.8) 391(18.1) 47(10.7)
High school 656(28.3) 154(31.7) 451(19.8) 52(15.2)
>College 462(20.8) 81(15.1) 138(5.6) 9(2.2)
Monthly household income =0.005 p=0.023
level
Low 592(20.1) 160(27.1) 789(29.1) 168(36.7)
Middle low 632(25.6) 138(27.8) 671(27.7) 111(28.2)
Middle high 553(23.9) 113(22.2) 514(22.5) 80(20.4)
High 625(30.4) 109(23.0) 468(20.6) 59(14.7)
Alcohol consumption p=0.144 p=0.315
<1/month 685(26.1) 173(29.9) 1821(71.6) 331(77.5)
1-4/month 681(28.9) 140(28.0) 483(21.1) 68(16.4)
>2/week 1057(45.0) 212(42.1) 166(7.3) 20(6.1)
Smoking status p=0.343 p=0.666
Current smoker 1416(58.7) 312(62.7) 152(7.2) 26(6.1)
Ex-smoke 546(22.6) 124(21.1) 23(1.0) 5(1.5)
Non-smoker 466(18.7) 93(16.2) 2300(91.7) 390(92.4)
Walking exercise/week p=0.889 p=0.362
No 339(14.2) 76(13.2) 438(17.5) 88(20.6)
1-2 365(15.7) 64(15.8) 362(14.8) 53(12.6)
>3 1722(70.1) 387(70.9) 1674(67.7) 279(66.8)
Strength exercise/week p=0.408 p=0.127
No 1602(63.7) 349(64.9) 2098(84.3) 377(87.8)
1-2 299(14.1) 54(11.5) 144(6.2) 20(6.6)
>3 524(22.2) 123(23.6) 231(9.5) 23(5.6)
Calcium intake (mg/day) 558.319.5 573.0£25.4 4295175 446.6+£49 1

Values are presented as meanzstandard error or numbers (%), N: number of subjects, YSM: years
since menopause, BP: blood pressure. *p<0.05, ***xp<0.001 vs non-diabetic subjects in each gender.
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Table 2. Laboratory characteristics according to the presence of type 2 diabetes aged 50 years or older
in male and postmenopausal women

Men (N=2,959) Women (N=2,902)
Variables Non-diabetics Type 2 diabetes Non-diabetics Type 2 diabetes

(N=2,430) (N=529) (N=2,479) (N=423)
Fasting blood glucose (mg/dL) 96.7£0.2 142.2£2 2= 94.5+0.2 141.3£2.2%x%
HbA1. (%) 5.7£0.0 7.1£0.0%xx 5.7£0.0 7.4£0.0%xx
Total-cholesterol (mg/dL) 190.1+£0.8 183.712.0*= 203.5+0.8 198.9+2.2+
HDL-cholesterol (mg/dL) 46.1£0.2 42.6£0 5**x 49.0+£0.2 45.6£0.7***
LDL-cholesterol (mg.dL) 116.0£1.6 102.8£3.2%*x 126,615 122.4+4.4
Triglyceride (mg/dL) 159.8+3.5 194.81+8.3**x 133.4+£2.1 167.815.3**x
BUN (mg/dL) 15.8%£0.1 16.4£0.2%= 15.1£0.1 16.2£0.3%*x*
Creatinine (mg/dL) 0.94+0.00 0.97£0.01** 0.71£0.00 0.76£0.01*x*
250HD (ng/mL) 21.3£0.2 20.6+£0.4 18.410.2 18.1+£0.4
Alkaline phosphatase (U/L) 236.8+1.9 2425+38 254.7+1.8 268.6+5.2
Parathyroid hormone (pg/mL) 65.2+0.7 64.4+1.3 66.810.7 66.1+1.4

Values are presented as meanzstandard error, N; number of subjects, *p<0.05, **p<0.01,

**xxp<0.001

vs non-diabetic subjects in each gender. 250HD; 25-hydroxyvitamin D.

Table 3. Bone mineral density an T-score according to the presence of type 2 diabetes aged 50 years or
older in male and postmenopausal women

Men (N=2,959) Women (N=2,902)
Variables Non-diabetics Type 2 diabetes Non-diabetics Type 2 diabetes
(N=2,430) (N=529) (N=2,479) (N=423)
BMD L1-4 0.942+0.003 0.976%0.007**x* 0.808+0.003 0.825+0.007*
(g/cm?) Femur neck 0.760+0.002 0.770+0.006 0.632+0.002 0.624+0.006
Total femur 0.936%0.002 0.95710.007** 0.781+0.002 0.778%0.006
L1-4 -0.67£0.03 -0.39£0.06%** -1.72+0.03 -1.57£0.06*
T-score Femur neck -0.68+0.02 -0.60+0.05 -1.59+0.02 -1.6610.05
Total femur -0.02+0.02 0.12£0.05*= -0.60+0.02 -0.62+0.05

Values are presented as meanzstandard error or numbers (%). N; number of subjects, BMD; bone mineral density, L1-4;
1%t to 4" lumbar spines, *p<0.05, **p<0.01, ***p<0.001 vs non-diabetics in each gender, ##p<0.001 by X2-analysis in men.

III. Results

1.1 Demographic, lifestyle, health behavior and
laboratory factors

27 7.1% 3 7.4%2 F=rgo] s woll HIsh &
BT S-S 28282 dY ZRolM, Ade-2A
HE2 28 TG0l e @7 SRl Fergol e
wofl blsl S EREAL, SRS dY 2 28 Tk

Lorr

8 2,959 & 29 Gl e 80l 5299, F waxiolq of A LeRdch u)
wBol Y= EYE 2430808 B AFE AT qp o) Aot giglet (Table 2).
60.8+0.44] 2 59.8+0.14|2 oA ozt o] Uo7}
Ok, 07d 2,902 % 298 Frol e od> 423%, 1.2 Comparison of bone mineral density
ol Qe o482 2479%C0=z H[d AY A7 2ule AA} A7} 9% ZUCl 23 chpelo] 9= U
64.7+0.54] & 61.4+0.2412 28 @rdo] Q= ofAo N o4z 0.976+0.007 g/cm’Y
c}

A H Yot gl 28 Gl gl du 2% oh
g oI 7.7:0.49 02 Rfol7t QAT 5
A&, H|gte, 180 Hlx iy 2. 23 oy _a?,_}—
Aol B A UERIT (Table 1), w5932 2% T
ol 9l ool o WA w9 7hpase 23
Fro] gl T REolx o WA Uit et 15
9 2] €% 157 29eE 34, 89 4 S5, |
@ AT 99 2 G 2ol Aok giglt
(Table 1). 3232 23 Ty A A ofdofja] Z+zk

o1 20w a o

142.2+2.2 mg/dL L 141.3+2.2 mg/dL2, Jatd A

u

0.825+0.007 g/cm’2 Fwtgo] gl B4 9 o4 247
9] 0.94240.003 g/cm’ ¥ 0808+0.003 g/cm’ol| H]s}
SARCE [oJsH| =/ Ve HEEEE 3U e
o Z1toll Rol7} giglout HiElZAA 2L s 28 G
Bo] 9l AollA] 0.957+0.007 g/cm’E Freo] ¢
L Aol A2] 0.936+0.002 g/cm?o] H]a] SCl5| =
Al e T-score GAl 3U & FARel SARE Ak
H3t} (Table 3).

e



202 Journal of The Korea Society of Computer and Information

Table 4. Clinical and lifestyle factors associated with bone mineral density by multiple

regression analysis in all subjects

L1-4 Total femur Femur neck
B+SE p-value B+SE p-value B+SE p-value
Age (years) -0.003+0.000 0.000 -0.005%0.000 0.000 -0.005%0.000 0.000
Gender (ref; women) 0.122+0.006 0.000 0.142+0.004 0.000 0.114+0.004 0.000
Body mass index (kg/m?) 0.013+0.001 0.000 0.014+0.001 0.000 0.010+0.001 0.000
Type 2 diabetes -0.023+0.007 | 0.000 ~0.008+0.005 0.081 ~0.0030.004 0511
(ref; yes)
Smoking status (refi Ex~ | 551540006 | 0045 | -0.008£0.004 | 0056 | -0009£0.004 | 0.036
or non-smoker)
Monthly rlmu.sehold income 0.298 0.009 0017
level (ref; High)
Low -0.012+0.007 0.102 -0.018%0.006 0.001 -0.015%0.005 0.003
Middle low -0.012+0.007 0.078 -0.012+0.005 0.012 -0.01140.005 0.019
Middle high -0.009+0.007 0.202 -0.009+0.006 0.120 -0.004+0.005 0.391
Education level
(ref:> College) 0.000 0.000 0.000
<Elementary school -0.058+0.009 0.000 -0.029+0.007 0.000 -0.029+0.006 0.000
Middle school -0.026+0.009 0.004 -0.012+0.007 0.099 -0.018+0.007 0.006
High school -0.021+0.008 0.013 -0.010+0.007 0.127 -0.012+0.006 0.041
Walklng exercise/week 0.156 0.001 0.067
(ref;>3)
No -0.006+0.006 0.353 -0.012+0.004 0.007 -0.005+0.004 0.287
1-2 -0.011£0.006 0.067 -0.016%0.005 0.001 -0.010+0.004 0.025
Strength exercise/week
(refi=3) 0.169 0.832 0.948
No 0.005+0.007 0.414 0.002+0.005 0.699 0.001+0.005 0.815
1-2 0.018+0.009 0.060 0.004+0.007 0.544 0.002+0.007 0.749
Calcium intake (mg/day) 0.000+0.000 0.012 0.000+0.000 0.022 0.000+0.000 0.033
250HD (ng/mL) 0.001+0.000 0.001 0.002+0.000 0.000 0.001+0.000 0.000

SE: standard error, L1-4; 1°' to 4" lumbar spines, 250HD; 25-hydroxyvitamin D

1.3 Factors associated with bone mineral density
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IV. Discussion
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