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National Health Insurance Services
Medical check-up Cohort DB
January 2002 ~ December 2013

Through the Medical check-up

New Diabetes(E11)
A patient diagnosed

Excludes Patients diagnosed with
diabetes before Medical check-
up or without diabetes

kY

l

The onset of diabetes, Demographic characteristics Socio-economic characteristics Health characteristics
changes in smoking - Age - Income - Existence of disability
status about one year - Gender - Residential area - Charison Comorbicity Index

after one year before

- Family history

- Type of Insurance

Chi-square tests( 32 tests)
Analysis of Variance{ANOVA)

Figure 1.

Kaplan-Meier Survival Curve

Log-rank test
Onset of diabetes Cox proportional hazard model

complication

Frame of this study
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Table 1. Diabetic complications

Complication

ICD—10 codes

Neurological complication

G73, GbY, G63, G99,
El11.4

Amyotrophy, autonomic
neuropathy,
momoneuropathy,
polyneuropathy, autonomic

Peripheral circulatory

Gangrene, peripheral

.. 179, E11.5 .
complication angiopathy
Myocardial infarction 121-124
Stroke 160-167

Renal complication

7249,299.2, T82.4,294.0,
T86.1, N17, N18, N08.3,
N04.9, N05.9, N26,

Dialysis/transplantation,
renal failure, other renal
disorders

N28.9, E11.2
Vitreous haemorrhage,
blindness and low vistion,
Retinopathy H36.0, E11.3 macular oedema,

retinopathy, other diabetic
eye complication
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Table 2. The general characteristics of the study population

The onset of complications

. Total All complications Peripheral circulatory complication Retinopathy complication Renal complication
Variables
Yes p—valu Yes p-valu Yes p—valu Yes p-valu
N (%) N (%) e N (%) e N () e N (%) e

Smoking status change <.0001 <.0001 <.0001 0.0151
Non—smoking to non—smoking 16,424  76.1 3,135 19.1 1,497 9.1 1,498 9.1 1,133 6.9
Non—smoking to smoking 666 3.1 147 22.1 73 11.0 76 114 45 6.8
Smoking to non—smoking 1,276 5.9 318 24.9 161 12.6 158 12.4 117 9.2
Smoking to smoking 3,221 14.9 720 22.4 391 12.1 356 11.1 244 7.6
Total 21,587 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13

Age group <,0001 <.0001 <0001 <0001
40 to 49 4,037 18.7 958 237 453 11.2 492 12.2 357 8.8
50 to 59 9591 444 1733 18.1 861 9.0 855 8.9 596 6.2
60 to 69 5,322 24.7 1,204 22.6 613 11.5 569 10.7 418 7.9
70 or over 2,637 12.2 425 16.1 195 7.4 172 6.5 168 6.4
Total 21,587 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13

Gender <.0001 0.0005 0.1508 <0001
Male 12,808  59.3 2,689 21.0 1,334 10.4 1,270 9.9 1,006 7.9
Female 8,779 40.7 1,631 18.6 788 9.0 818 9.3 533 6.1
Total 21,587 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13

Income 0.2926 0.2288 0.2036 0.1057
Low income 6,026 27.9 1,236 20.5 626 10.4 581 9.6 425 7.1
Middle income 8,042 37.3 1,567 19.5 775 9.6 746 9.3 542 6.7
High income 7,519 34.8 1,517 20.2 721 9.6 761 10.1 572 7.6
Total 21,587 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13

Type of insurance 0.0002 0.0100 0.0820 0.5448
Regionally insured 5172 24.0 1,130 21.9 957 10.8 533 10.3 379 7.3
Workplace insured 16,415  76.0 3,190 19.4 1,565 9.5 1,555 9.5 1,160 7.1
Total 21,587 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13

Residential area 0.0488 0.0002 0.0107 0.1521
Capital area 7,548 35.0 1,498 19.9 660 8.7 744 9.9 573 7.6
Metropolitan area 5,963 27.6 1,142 19.2 599 10.1 520 8.7 408 6.8
Non—metropolitan area 8,076 374 1,680 20.8 863 10.7 824 10.2 558 6.9
Total 21587 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13
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The onset of complications

. Total All complications Peripheral circulatory complication Retinopathy complication Renal complication
Variables
Yes p—valu Yes p—valu Yes p—valu Yes p—valu
N (%) N (%) e N () e N () e N (%) e
Charlson Comorbidity Index <.0001 <.0001 0.6505 <.0001
None 1,633 7.6 275 16.8 127 7.8 144 8.8 82 5.0
one 2,336 10.8 434 18.6 223 9.6 224 9.6 126 5.4
two 3,037 14.1 533 17.6 244 8.0 292 9.6 157 5.2
three or more 14581  67.6 3,078 211 1,528 10.5 1,428 9.8 1,174 8.1
Total 21,587 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13
Existence of disability 0.0449 0.0023 0.3437 0.0515
None 21,443 99.3 4,280 20.0 2,097 9.8 2,074 9.7 1,522 7.1
Mild disability 47 0.2 15 31.9 1 23.4 7 14.9 4 85
Severe disability 97 0.5 25 25.8 14 14.4 7 7.2 13 13.4
Total 21,687 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13
Family history of diabetes <.0001 <.0001 <.0001 <.0001
No 8,409 39.0 1,043 12.4 47 5.6 524 6.2 372 44
Yes 13,178  61.1 3,277 24.9 1,651 12.5 1,564 11.9 1,167 8.9
Total 21,587 100 4,320 2,122 9.82 2,088 9.67 1,539 7.13
Insulin treatment <.0001 <.0001 <,0001 <0001
No 21,467 994 4264 19.9 2,078 9.7 2,031 9.5 1,495 7.0
Yes 120 0.6 56 46.7 44 24.0 57 29.7 44 18.7
Total 21,587 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13
Diabetes onset year <.0001 <.0001 <.0001 <.0001
2003 2,958 13.7 1,162 39.3 620 21.0 643 217 416 14.1
2004 2,746 12.7 886 32.3 489 17.8 446 16.2 303 11.0
2005 2,417 11.2 632 26.2 321 13.3 277 11.5 253 10.5
2006 1,807 8.4 435 24.1 214 11.8 198 11.0 150 8.3
2007 2,097 9.7 384 18.3 190 9.1 167 8.0 117 5.6
2008 1,818 8.4 276 15.2 110 6.1 129 7.1 87 4.8
2009 2,002 9.3 260 13.0 94 47 121 6.0 83 4.2
2010 1,843 8.5 163 8.8 51 2.8 65 3.5 72 3.9
2011 1,984 9.2 98 4.9 27 1.4 32 1.6 47 2.4
2012 1,915 8.9 24 1.3 6 0.3 10 0.5 11 0.6
Total 21,587 100 4,320 20 2,122 9.82 2,088 9.67 1,539 7.13
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Figure 2. Kaplan—Meier Curve All complication.
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Figure 3. Kaplan—Meier Curve Peripheral complication.
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Figure 4. Kaplan—Meier Curve Retinopathy complication.
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Figure 5. Kaplan—Meier Curve Renal complication.
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Table 3. The factors associated with the onset of complications

The onset of complications

Peripheral circulatory

Variables All complications complication Retinopathy complication Renal complication
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Smoking status change
Non—smoking to non—smoking 0.91 (0.84-1.00) 0.80 (0.71-0.90) 0.87 (0.77-0.99) 1.06 (0.92-1.23)
Non—smoking to smoking 0.95 (0.80—1.14) 0.87 (0.68—1.12) 1.02 (0.80—1.31) 0.88 (0.64-1.21)
Smoking to non—smoking 1.07 (0.94-1.22) 0.98 (0.81-1.17) 1.08 (0.90—-1.30) 1.14 (0.92—-1.42)
Smoking to smoking 1.00 1.00 1.00 1.00
Age group
40 to 49 1.00 - 1.00 - 1.00 - 1.00 -
50 to 59 1.16 (1.07—-1.26) 1.30 (1.16—1.46) 1.17 (1.04-1.31) 1.02 (0.89-1.17)
60 to 69 1.27 (1.16—1.39) 1.43 (1.26—1.63) 1.22 (1.08—1.39) 1.11 (0.96—-1.29)
70 or over 1.22 (1.08—1.38) 1.34 (1.13-1.60) 1.04 (0.87—1.25) 1.21 (1.00—1.47)
Gender
Male 1.10 (1.03—1.18) 1.09 (0.98—1.20) 0.95 (0.86—1.05) 1.35 (1.20—-1.51)
Femlae 1.00 1.00 1.00 1.00
Income
Low income 1.00 - 1.00 - 1.00 - 1.00 -
Middle income 0.97 (0.90—-1.04) 0.95 (0.86—1.06) 0.99 (0.89-1.10) 0.97 (0.85—-1.10)
High income 0.99 (0.92-1.07) 0.93 (0.84—1.04) 1.07 (0.96—-1.20) 1.05 (0.92-1.19)
Type of insurance
Regionally insured 1.00 - 1.00 - 1.00 - 1.00 -
Workplace insured 1.01 (0.94-1.09) 1.05 (0.95-1.16) 1.07 (0.96-1.18) 1.08 (0.96-1.22)
Residential area
Capital area 1.00 - 1.00 - 1.00 - 1.00 -
Metropolitan area 0.96 (0.89—-1.04) 1.16 (1.04-1.29) 0.87 (0.78—0.97) 0.90 (0.79-1.02)
Non—metropolitan area 1.05 (0.98—-1.12) 1.22 (1.10—-1.35) 1.06 (0.96—1.17) 0.89 (0.79-1.00)

Charlson Comorbidity Index
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The onset of complications

Peripheral circulatory

Variables All complications complication Retinopathy complication Renal complication
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
None 1.00 - 1.00 - 1.00 - 1.00 -
one 1.09 (0.94—-1.27) 1.18 (0.95-1.47) 1.05 (0.85-1.29) 1.06 (0.80—1.40)
two 1.02 (0.88—-1.18) 1.00 (0.80—-1.24) 1.07 (0.87-1.30) 1.03 (0.78—1.34)
three or more 1.18 (1.04-1.34) 1.22 (1.02-1.47) 1.02 (0.86—-1.21) 1.58 (1.26-1.98)
Existence of disability
None 1.00 - 1.00 - 1.00 - 1.00 -
Mild disability 1.93 (1.16—3.21) 2.60 (1.43-4.72) 1.97 (0.93-4.14) 1.06 (0.40—2.84)
Severe disability 1.38 (0.93-2.04) 1.58 (0.93-2.68) 0.85 (0.40-1.78) 1.89 (1.09-3.28)
Family history of diabetes
No 1.00 - 1.00 - 1.00 - 1.00 -
Yes 1.29 (1.18—-1.40) 1.44 (1.28-1.62) 1.49 (1.32-1.67) 1.15 (0.99-1.32)
Insulin treatment
No 1.79 (1.38-2.34) 1.50 (1.11-2.02) 2.03 (1.56-2.65) 1.76 (1.30—-2.38)
Yes 1.00 1.00 1.00
Diabetes onset year
2003 3.03 (2.00—4.60) 6.99 (3.09-15.83) 2.80 (1.47-5.34) 1.28 (0.68-2.40)
2004 2.57 (1.69-3.90) 6.21 (2.74-14.08) 2.29 (1.20—4.37) 1.11 (0.59-2.09)
2005 2.24 (1.47-3.41) 4.95 (2.18-11.24) 1.83 (0.96-3.51) 1.16 (0.62-2.19)
2006 2.25 (1.48-3.43) 4.71 (2.07-10.74) 2.07 (1.08-3.97) 1.06 (0.56-2.01)
2007 1.91 (1.25-2.92) 4.00 (1.75-9.12) 1.78 (0.93-3.44) 0.82 (0.43-1.56)
2008 1.63 (1.07—-2.48) 2.57 (1.12—-5.87) 1.59 (0.83—-3.07) 0.80 (0.42—-1.53)
2009 1.70 (1.11-2.59) 2.42 (1.06—5.56) 1.73 (0.90—-3.34) 0.86 (0.45—-1.64)
2010 1.46 (0.95-2.25) 1.76 (0.75—4.11) 1.32 (0.67—2.58) 1.13 (0.59-2.15)
2011 1.31 (0.83—-2.05) 1.42 (0.58—-3.44) 0.97 (0.48—-1.98) 1.22 (0.63—2.37)
2012 1.00 - 1.00 - 1.00 - 1.00 -
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Table 4—1. The association between smoking status change and the onset of all complications stratified by gender, income, insurance,
age group, and family history of diabetes

The onset of all complications

Smoking —>

Variables Smoking Non—Smoking —> Non—Smoking Non—Smoking —> Smoking Smoking —> Non—Smoking
HR HR 95% CI HR 95% CI HR 95% CI
Gender
Male 1.00 0.91 (0.83-1.00) 0.95 (0.79-1.14) 1.06 (0.92-1.21)
Female 1.00 1.04 (0.68—1.59) 1.14 (0.53-2.49) 1.47 (0.80—2.73)
Income
Low income 1.00 1.02 (0.86—1.21) 0.87 (0.59-1.29) 1.06 (0.81-1.38)
Middle income 1.00 0.86 (0.74-0.99) 0.89 (0.67-1.19) 0.98 (0.78-1.22)
High income 1.00 0.91 (0.78—1.05) 1.08 (0.82—1.43) 1.19 (0.96—1.47)
Insurance
Regionally 1.00 0.84 (0.70-1.01) 1.02 (0.71-1.48) 1.12 (0.85—1.49)
Workplace 1.00 0.94 (0.85—1.04) 0.93 (0.76—1.15) 1.06 (0.91-1.23)
Age group
40 to 49 1.00 0.93 (0.79-1.09) 0.76 (0.54—1.08) 0.97 (0.76—1.23)
50 to 59 1.00 0.91 (0.79-1.04) 1.02 (0.78—1.32) 1.03 (0.84—-1.26)
60 to 69 1.00 0.94 (0.77-1.14) 1.16 (0.79-1.72) 1.31 (0.99-1.74)
70 or over 1.00 - - - - - -
Family history of
diabetes
No 1.00 1.12 (0.75—1.69) 1.32 (0.59-2.94) 1.41 (0.81—2.47)
Yes 1.00 1.09 (0.91-1.31) 1.00 (0.68—1.47) 1.26 (0.95-1.67)
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Table 4—2. The association between smoking status change and the onset of peripheral circulatory complications stratified by gender,
income, insurance, age group, and family history of diabetes

The onset of peripheral circulatory complications

Smoking —> . . . . . .

. R Non—Smoking —> Non—Smoking Non—Smoking —> Smoking Smoking —> Non—Smoking

Variables Smoking
HR HR 95% CI HR 95% CI HR 95% CI

Gender

Male 1.00 0.82 (0.72—0.93) 0.88 (0.68—1.14) 0.99 (0.82—1.20)

Female 1.00 0.73 (0.43-1.22) 0.88 (0.32—2.42) 0.81 (0.34—1.90)
Income

Low income 1.00 0.90 (0.72—1.13) 0.80 (0.48—1.36) 0.90 (0.62—1.31)

Middle income 1.00 0.78 (0.64—0.96) 0.97 (0.66—1.43) 0.88 (0.64—1.20)

High income 1.00 0.76 (0.62—0.93) 0.82 (0.54—1.25) 1.13 (0.84—1.51)
Insurance

Regionally 1.00 0.79 (0.61—-1.02) 0.92 (0.54—1.56) 1.10 (0.74—1.62)

Workplace 1.00 0.81 (0.70-0.92) 0.85 (0.64—1.13) 0.94 (0.76—1.16)
Age group

40 to 49 1.00 0.77 (0.61—-0.97) 0.86 (0.55—1.36) 0.78 (0.54—1.11)

50 to 59 1.00 0.84 (0.70-1.01) 0.85 (0.58—1.25) 0.95 (0.71-1.26)

60 to 69 1.00 0.85 (0.65—1.11) 0.95 (0.54—1.67) 1.40 (0.96—2.03)

70 or over 1.00 0.83 (0.48—1.44) 1.06 (0.35—3.24) 0.93 (0.41—-2.08)
Family history of
diabetes

No 1.00 1.14 (0.87—1.50) 1.26 (0.74—2.14) 1.59 (1.08—2.34)

Yes 1.00 0.73 (0.64—0.84) 0.79 (0.59-1.05) 0.86 (0.70—1.06)
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Table 4—3. The association between smoking status change and the onset of retinopathy complications stratified by gender, income,
insurance, age group, and family history of diabetes

The onset of retinopathy complications

Smoking —>

i Non—Smoking —> Non—Smoking Non—Smoking —> Smoking Smoking —> Non—Smoking
Variables Smoking
HR HR 95% CI HR 95% CI HR 95% CI

Gender

Male 1.00 0.86 (0.75-0.98) 0.99 (0.76—1.28) 1.05 (0.86—-1.27)

Female 1.00 1.28 (0.66—2.48) 1.82 (0.65—5.14) 2.04 (0.84—4.92)
Income

Low income 1.00 1.09 (0.84—1.41) 0.89 (0.49-1.59) 1.10 (0.73—-1.65)

Middle income 1.00 0.82 (0.66—1.01) 1.01 (0.68—1.51) 1.19 (0.89-1.60)

High income 1.00 0.80 (0.66—0.98) 1.09 (0.75—1.58) 0.97 (0.72—1.31)
Insurance

Regionally 1.00 0.78 (0.59-1.02) 1.09 (0.65—1.82) 0.96 (0.63—1.48)

Workplace 1.00 0.91 (0.79-1.05) 1.01 (0.76—1.34) 1.11 (0.90—1.37)
Age group

40 to 49 1.00 - - - - - -

50 to 59 1.00 0.91 (0.75-1.11) 1.05 (0.72-1.52) 1.06 (0.79-1.43)

60 to 69 1.00 0.79 (0.60—-1.05) 1.05 (0.60—1.84) 1.13 (0.76-1.70)

70 or over 1.00 1.51 (0.73-3.13) 3.20 (1.10-9.35) 1.88 (0.72—-4.89)
Family history of
diabetes

No 1.00 0.93 (0.73-1.20) 0.89 (0.52—1.55) 0.99 (0.66—1.49)

Yes 1.00 0.86 (0.74-0.99) 1.06 (0.80—1.40) 1.11 (0.90—1.38)
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Table 4—4. The association between smoking status change and the onset of renal complications stratified by gender, income, insurance,
age group, and family history of diabetes

The onset of renal complications

Smoking —> . . . . . .
Rk Non—Smoking —> Non—Smoking Non—Smoking —> Smoking Smoking —> Non—Smoking
Variables Smoking
HR HR 95% CI HR 95% CI HR 95% CI

Gender

Male 1.00 1.01 (0.87-1.18) 0.86 (0.62—-1.18) 1.12 (0.89-1.40)

Female - - - - - - -
Income

Low income 1.00 1.02 (0.76-1.36) 0.86 (0.44-1.68) 1.55 (1.03-2.31)

Middle income 1.00 1.07 (0.84—1.37) 0.65 (0.36—1.16) 0.63 (0.40-0.98)

High income 1.00 1.11 (0.87-1.43) 1.16 (0.73—1.87) 1.43 (1.02-2.02)
Insurance

Regionally 1.00 0.97 (0.70—-1.35) 0.75 (0.36—1.60) 1.30 (0.81—-2.10)

Workplace 1.00 1.09 (0.92—1.28) 0.91 (0.64—1.29) 1.10 (0.86—1.42)
Age group

40 to 49 1.00 - - - - - -

50 to 59 1.00 0.94 (0.75-1.18) 1.04 (0.67—1.62) 1.09 (0.78—1.53)

60 to 69 1.00 1.10 (0.79-1.53) 1.23 (0.64—2.34) 1.31 (0.81—-2.12)

70 or over 1.00 - - - - - -
Family history of
diabetes

No 1.00 1.18 (0.86—-1.60) 0.86 (0.42-1.74) 1.25 (0.78-2.01)

Yes 1.00 1.02 (0.86—-1.21) 0.87 (0.61—-1.25) 1.11 (0.86—-1.42)
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ABSTRACT

Difference in incidence of diabetic complication according

to smoking status change in type 2 diabetic patients

— National Health Insurance Services Medical A check—up Cohort

Database from 2002 through 2013 —

SEUNG—-HUN LEE
Dept. of Health Policy Management
Graduate School of Public Health

Yonsei University

(Directed by Professor Eun—Cheol Park, M.D., Ph.D.)

Background : The increase in diabetes in South Korea is due to
changes in dietary habits and living conditions. Medical costs are also
increasing gradually. Unlike other diseases, diabetes can develop at a
slower rate and cause fewer symptoms, making it impossible to
recognize the seriousness of the problem until complications arise.
Diabetes is a disease itself, but as complications arise, the severity of
the problem increases. The study discusses smoking, one of the
lifestyle habits that affect the development of diabetes complications.
We looked at the effects of changes in smoking status on the
development of diabetes complications in newly diagnosed diabetic
patients.

Methods: We used data from the National Health Insurance
Services (NHIS) Medical check—up cohort 2002—2013 , and analyzed
21,587 patients newly diagnosed with diabetes(E11). We performed a
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survival analysis wusing a Cox proportional hazards model to
investigate the relationship between the changes in patients' smoking
status and the occurrence of complications. We categorized diabetes
complications into four groups: peripheral complications, retinopathy
complications, renal complications, all complications.

Results: Among the 21,587 people, 1,942 (9%) showed changes in
their smoking status after being diagnosed with diabetes, but 19,645
(91%) exhibited no change in their smoking status. Being diagnosed
with diabetes does not have a dramatic effect on one’ s smoking
habits.

During the study period, among the 21,587 newly diagnosed diabetic
patients, 2,122 (9.8%) developed  peripheral  complications,
2,088(9.7%) developed retinopathy complications, 1,539(7.1%)
developed renal complications, and 4,320(20%) developed all
complications. Survival analysis showed that there was no statistically
significant difference in changes 1In smoking status between
‘non—smoking to smoking’ and ‘smoking to non—smoking  groups.
Only the continuously non—smoking group showed statistically
significant results. The Non—smoking to non—smoking group was
more positively associated with the risk of complications (All
complications = HR [hazard ratio]l: 0.91, 95% CI [confidence
intervall: 0.84—1.00; Peripheral circulatory complication = HR: 0.80,
95% CI: 0.71-0.90; Retinopathy complication = HR: 0.87, 95% CI:
0.77—0.99; Renal complication = HR: 1.06, 95% CI: 0.92—1.23;
Smoking to smoking = ref). 'Non—smoking to non—smoking' group had
a 1.06 times higher hazard ratio of developing renal complication than
'Smoking to smoking' group. However, this was not statistically
significant.

As a result of subgroup analysis, male non—smokers had lower
incidence of all diabetic complications except for renal complications.

Among patients with family history of diabetes, the incidence of
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diabetic complications was lower in nonsmokers than in smokers. The
hazard ratio of the occurrence of renal complications is low, but it is
not statistically significant.

Conclusions: This study shows that smoking habits and family history
of diabetes affect the rise of all diabetic complications except renal
complications. There was no significant difference between the
patients who stopped smoking after the diagnosis of diabetes and
those who continued to smoke. However, the incidence of diabetic
complications was significantly lower in the continuously non—smoking
group. Through this study, we can confirm that it is healthy to live a
continuously non—smoking lifestyle, and simply quitting smoking after
the diagnosis of diabetes does not significantly reduce the risk of
diabetic complications.

The risk of diabetic complications was lower in patients with a family
history of diabetes. This is because it is easier to get information
about diabetes from family members and improve living conditions
accordingly. Information on smoking cessation and diabetes can be
used to prevent diabetic complications, to improve the quality of life
of patients, to reduce socioeconomic costs caused by diseases, and to

share information on diabetes.

Keywords: Diabetes, Smoking status change, Diabetic complication,

Survival analysis, Family history of diabetes
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