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Regional Variation in the Incidence of Diabetes—Related Lower Limb
Amputations and Its Relationship with the Regional Factors

Sung Hun Won, Jahyung Kim, Dong-Il Chun, Young Yi*, Suyeon Park",
Kwang-Young Jung™, Gun-Hyun Park®, Jaeho Cho®

Department of Orthopedic Surgery, Soon Chun Hyang University Seoul Hospital, *Department of Orthopedic Surgery, Seoul
Paik Hospital, Inje University College of Medicine, 'Department of Biostatistics, Soon Chun Hyang University Seoul Hospital,
Seoul, TDivision of Genome Research, Center for Genome Science, Korea National Institute of Health, Cheongju, ‘Department of
Orthopedic Surgery, Chuncheon Sacred Heart Hospital, Hallym University College of Medicine, Chuncheon, Korea

Purpose: To investigate the spatial distribution of diabetes-related lower limb amputations and analyze the relationship between the spa-
tial distribution of diabetes-related lower limb amputations and regional factors.

Materials and Methods: This study was performed based on the data from the Korean Health Insurance Review and Assessment Ser-
vice, in 2016. The unit of analysis was the administrative districts of city-gun-gu. The dependent variable was the age- and sex-adjusted
incidence of diabetes-related lower limb amputations and the regional variables were selected to represent two aspects: socioeconomic
factors, and health and medical factors. Along with traditional ordinary least square (OLS) regression analysis, geographically weighted
regression (GWR) was applied for spatial analysis.

Results: The age- and sex-adjusted incidence of diabetes-related lower limb amputation varied according to region. OLS regression
showed that the incidence of diabetes-related lower limb amputation had significant relationships with the health and medical factors
(number of healthcare institution and doctors per 100,000 population). In GWR, the effects of regional factors were not consistent.

Conclusion: The spatial distribution of the incidence of diabetes-related lower limb amputations and the effects of regional factors var-
ied according to the regions. The regional characteristics should be considered when establishing health policy related to diabetic foot
care.
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Figure 1. Summary of research model.
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Table 1. Continued

Amputation rate (%)

Diabetes (n)

Lower limb amputation (n)

Total

=60
yr

30~39 40~49 50~59

30~39 40~49 50~59 >60
Total

Total

=60
yr

30~39 40~49 50~59

Region Sex

Class

yr
0.05
0.03
0.04
0.18
0.04
0.13
0.18
0.08
0.15

yr

yr
0.00
0.00
0.00
0.08
0.00
0.05
0.00
0.00
0.00

yr
49,209
55,658
104,867

yr
24,014
15,188
39,202
26,952
16,256
43,208

yr

10,610

yr

yr yr

yr

0.10
0.04
0.07
0.21
0.07
0.15
0.20
0.13
0.17

0.15
0.04
0.09
0.27
0.08
0.17
0.24
0.12
0.18

0.03
0.02
0.03
0.06
0.07
0.06
0.12
0.32
0.17

86,763
77,569
164,332
91,048
77,247
168,295
17,147
11,945
29,092

2,930

88

74
23
97
130

11

Gyeongbuk  Male

Province

5,051
15,661
12,819

1,672

4,602

28
116
190

0

Female
Total

15
49

47,726
52,952
100,678

3,551

Male

Gyeongnam

6,018
18,837

56 2,021
246

45
175

0

Female
Total

5,572

56

12

9,046
8,321
17,367

573 2,512 5,016

304
877

34
15
49

22

Male

Jeju

2,387

933
3,445

10
32

0

Female
Total

7,403

11

n;: population of i (age group) and j (sex group)
N;: standard population of i (age group) and j (sex

group)
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Table 2. Descriptive Statistics of Independent Variables (n=228)

Independent variable Mean=SD (range)

767.5+250.74 (391.6 ~1,989.6)

National Health Insurance
premium per capita (unit: 1,000
won)

Financial independence

No. of registered car per capita

No. of healthcare institution per
100,000 population

No. of doctors per 100,000
population

26.7+13.45(9.6~65.2)
0.5+0.11(0.2~1.5)
79.9+3590 (10.5~311.2)

176.4+193.83(37.0~1,791.4)

SD: standard deviation.

. 1,500

1,000 Figure 2. Spatial distribution in the in-

500 cidence of diabetes-related lower limb

0 amputation. (A) Standardized Incidence
rate of diabetes-related lower limb am-
putation per 100,000 population based
on city, province (n=16). (B) Standardized
Incidence rate of diabetes-related lower
limb amputation per 100,000 population
based on city, gun, gu (n=228).

I I
130 132
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Table 3. Results of Pearson’s Correlation and Multicollinearity Analysis

Variable

NHI premium Financial
per capita independence

No. of
No. of healthcare No. of doctors
registered car institution per 100,000
per capita per 100,000 population

population
NHI premium per capita 1
Financial independence 0.780 1
No. of registered car per capita -0.322 -0.220 1
No. of healthcare institution per 100,000 population -0.163 —0.245 0.185 1
No. of doctors per 100,000 population 0.279 0.167 -0.106 0.431 1
Variance inflation factor 3.05 2.84 1.16 1.49 1.47

NHI: National Health Insurance.

Table 4. Results of Ordinary Least Square

Table 5. Results of Geographically Weighted Regression

Variable Coefficient  p-value Variable/Coefficient Mean=SD (range)
NHI premium per capita -0.027 0.483 NHI premium per capita —0.016+0.025 (—0.060~0.039)
Financial independence -0.262  0.681 Financial independence —0.046+0.646 (—1.346~1.018)
No. of registered car per capita 6.499 0.902 No. of registered car per ~ —32.129+55.165 (—151.259~43.807)
No. of healthcare institution per 100,000 —-0.870 <0.001 capita
population No. of healthcare —0.767+0.249 (—1.247~-0.381)
No. of doctors per 100,000 population 0.894 <0.001 institution per 100,000
R? 0.759 population
Adjusted R? 0.754 No. of doctors per 0.805+0.240 (0.476~1.159)
F 153.705 100,000 population
Akaike information criterion 2,950.010 Akaike information 2,847.568714
Moran’s index 0.048 <0.001 criterion
Quasi—global R? 0.841

NHI: National Health Insurance.

2

A7) 4e $HT

o
23

S} Moran’s index@k2 0.048 (p<0.001)=
= AcH(Table 4), o]& AR 74 545 v

GWRE 7} X232} 8)7)752) 271 A<l wre} 2fo]7}

AR
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=

2 ()3} ok(+) o] ko] EAIEFATHTable 5).

Ao, 58] A2l warsl a4 Axkatel 4
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1
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Values are presented as mean+SD (range) or mean only.
SD: standard deviation, NHI: National Health Insurance.
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