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Multilevel Analysis on Factors Influencing Death and Transfer in Inpatient
with Severe Injury
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Background: This study was conducted to evaluate the individual and community level factors which were influencing the severe
injury patients’ death and transfer at discharge.

Methods: Analysis data is based on Korean National Hospital Discharge In-depth Survey Data released by the Korea Center for Dis-
ease Control and Prevention from 2006 to 2008. Study subjects was 11,026 inpatients with of severe injury. For multi-level analysis,
socio-demographic characteristics, injury related characteristics, hospitalization related characteristics were used as individual level
factors, and socio-environmental characteristics and health care resource characteristics were used as community level factors.
Results: As to community level factors affecting mortality of severe injury, the possibility of death was also high in cases of less num-
bers of surgeons per a population of 100,000 and more number of operation beds. As to community level factors affecting transfer
of severe injury, vulnerable areas with higher social deprivation index and low population density had higher possibility of transfer.
Conclusion: Both individual level factors and community level factors affected clinical outcomes of treatment for severe injury. In
particular, since there happened higher death and transfer of severe injury in socioeconomic and medical vulnerable areas, special
efforts for establishing preventive policy and care system for injury in national and area level should be directed toward such areas.

Keywords: Wounds and injuries; Mortality; Transfer (psychology); Multilevel analysis; Korean National Hospital Discharge In-depth
Survey
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Figure 1. Analysis frame of this study.
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Table 1. Classification and definition of variables

Variable Sources

Outcome Death
Transfer
Independent variables  Individual level ~ Social demographic characteristics ~ Sex
Age
Type of insurance
Injury to door time
Place of injury
Activity of injury
Injury mechanism
Intention of injury
Day of admission
Admission route
Hospital district
Bed of hospital
Community level Social environmental characteristics  Deprivation index
Financial independence of local government
Population density
Health care resource characteristics  No. of hospitals
No. of EMS'
No. of surgeons*
No. of doctors®
No. of nurses'
No. of operation beds'
No. of ICU beds™**
Health care resource characteristics  No. of ER beds'™
Vulnerable area in EMS*
No. of ambulances®
No. of EMT"
No. of EMC""

“No. of hospitals per 100,000 population. "No. of emergency medicine specialist (EMS) per 100,000 population. *No. of surgeons per 100,000 population. *No. of doctors per 100,000
population. "No. of nurses per 100,000 population. "No. of operation beds per 100,000 population. **No. of intensive care unit (ICU) beds per 100,000 population. "No. of emergency
(ER) beds per 100,000 population. #Vulnerable area in emergency medical service (EMS). *No. of ambulances per 100,000 population. "No. of emergency medical technician (EMT)
per 100,000 population. "No. of emergency medical center (EMC) per 100,000 population.

Dependent variables Korea Centers for Disease Control and Prevention [22]

Injury characteristics

Admission characteristics

Hanyang University [23]
Statitics Korea [24]

Statitics Korea [25]

o

Seoul National University [26]

National Medical Medicine Center [27]
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Table 2. General characteristics of study patient

o Death Transfer
Characteristic pvalue pvalue
Death (n=777) Non-death (n=10,249) Transfer (n=518) Go home (n=2,454)
Sex
Male 547 (70.4) 6,589 (64.3) 0.001 343(66.2) 1,320(53.8) 0.001
Female 230(29.6) 3,660(35.7) 175(33.8) 1,134(46.2)
Age (yr)
0-19 43(5.5) 1,187 (11.6) 0.001 50(9.7) 391(15.9) 0.001
20-39 131(16.9) 2,700(26.3) 130(25.1) 763(31.1)
40-64 321(41.3) 4,116(40.2) 214(41.3) 832(33.9)
>65 282(36.3) 2,246(21.9) 124(23.9) 468(19.1)
Mean+SD 46.36+20.96 4568+20.88
Type of insurance
National health insurance 400(51.5) 5,531(54.0) 0217 257 (49.6) 1,671(68.1) 0.001
Medical aid 63(8.1) 690(6.7) 31(6.0) 136 (5.5)
Vehicle insurance & others 314(40.4) 4.028(39.3) 230 (44.4) 647 (26.4)
Intention of injury
Unintentional 577 (74.3) 9,056 (88.4) 0.001 436(84.2) 1,740(70.9) 0.001
Intentional 200(25.7) 1,193(11.6) 82(15.8) 714(29.1)
Place of injury
Residence 266(34.2) 2,518(24.6) 0.001 138 (26.6) 1,034 (42.1) 0.001
Others 511(65.8) 7,731(75.4) 380(73.4) 1,420(57.9)
Activity of injury
Exercise & leisure 40(5.1) 1,014(99) 0.001 47(9.1) 255(10.4) 0.001
Working 83(10.7) 1,693 (16.5) 87(16.8) 209(8.5)
Moving 49(6.3) 769(7.5) 49(95) 87(3.5)
Drinking 42 (5.4) 523 (5.1) 22(4.2) 161 (6.6)
Daily living 201(25.9) 2,586(25.2) 104 (20.1) 104(20.1)
Others 362 (46.6) 3,664 (35.7) 209(40.3) 1,101 (44.9)
Injury mechanism
Accident 263(338) 3.829(37.4) 0.001 200(38.6) 392(16.0) 0.001
Poison 223(28.7) 1,628(15.9) 123(23.7) 1,031(42.0)
Falling 195(25.1) 3,714(36.2) 155(29.9) 756(30.8)
Others 96 (12.4) 1,078 (10.5) 40(7.7) 275(11.2)
Route of admission
Emergency 728(937) 8,826 (84.2) 0.001 483(93.2) 1,991(81.2) 0.001
Outpatient & others 49(6.3) 1,623(15.8) 35(6.8) 462(18.8)
Beds of hospital (beds)
100-299 123(15.8) 2,041(19.9) 0.004 159 (30.7) 647 (26.4) 0.066
300-499 136(17.5) 1,494 (14.6) 86 (16.6) 260 (14.7)
500-999 439(56.5) 5,497 (53.6) 216(41.7) 1,123(45.8)
>1,000 79(10.2) 1.217(11.9) 57(11.0) 324(13.2)
Admission time
Weekend 191 (24.6) 2,652(25.9) 0427 130(25.1) 621(25.3) 0.921
Weekday 586 (75.4) 7,597 (74.1) 388(74.9) 1,833(74.7)
Hospital district
Metropolitan 415(53.4) 5,034 (49.1) 0.021 190(36.7) 1,219(49.7) 0.001
Non-metropolitan 362 (46.6) 5,215(50.9) 328(63.3) 1,235(50.3)

Values are presented as number (%) or mean + standard deviation (SD).
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Table 3. Social environmental and health care resources characteris-
tics of area

Variable Value
Social environmental characteristics
Social deprivation index in Korea (n=232) 0.32+0.75
Financial independence of local government (n=231) 38.02+54.95
Population density (n=232) 0.00+0.01
Health care resources characteristics
No. of surgeons per 100,000 population (n=231) 9.28+4.82
No. of doctors per 100,000 population (n=232) 145.02+113.84
No. of nurses per 100,000 population (n=232) 197.29+145.05
No. of emergency medicine specialist per 100,000 population 0.76+0.94
(n=232)
No. of hospitals per 100,000 population (n=232) 52.91+18.85
No. of intensive care unit beds per 100,000 population (n=232) 2842+2293
No. of operation beds per 100,000 population (n=232) 14.89+7.59
No. of emergency beds per 100,000 population (n=232) 21711426
Vlulnerable area in emergency medical service (n=232)
Vulnerable 23(9.9)
Non-vulnerable 209(90.1)
No. of ambulances per 100,000 population (n=232) 10.99+6.24
No. of emergency medical technician per 100,000 population 10.25 +7.02
(n=232)
No. of emergency medical center per 100,000 population (n=232) 1.03+092

Values are presented as mean + standard deviation or number (%).
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(D Social deprivation index. 2 Financial independence. (3) Population density. (4) No. of surgeons per 100,000 population. (5 No. of operation beds per 100,000 population. (&) No.
of emergency medicine specialist per 100,000 population. (@ No. of doctors per 100,000 population. ® No. of nurses per 100,000 population. @ No. of hospitals per 100,000 popu-
lation. @ No. of intensive care unit beds per 100,000 population. @) No. of emergency beds per 100,000 population. @ Vulnerable area of emergency medical service. @3 No. of
ambulances per 100,000 population. @) No. of emergency medical technician per 100,000 population. @ No. of emergency medical center per 100,000 population.
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Table 5. Multilevel analysis on fatal injury in severe injury

Model 1 (n=10,929)

Model 2 (n=10,929) Model 3 (n=10,921) Model 4 (n=10,921)

Full model
Estimate  pvalue Estmate  pvalue Estimate  pvalue Estimate pvalue
Fixed effect intercept 314 0.001 -5.88 0.001 -2.69 0.001 -5.26 0.001
Level 1 (individual characteristics)
Age (ref: 0-19) >65 1.38 0.001 1.38 0.001
40-64 0.79 0.001 0.79 0.001
20-39 0.10 0.008 0.10 0.035
Sex (ref: female) Male 0.58 0.001 0.58 0.001
Intention of injury (ref: unintentional) Intentional 0.79 0.001 0.79 0.008
Place of injury (ref: others) Residence 0.38 0.001 0.38 0.001
Activity of injury (ref: daily living) Exercise & leisure -0.46 0.001 -0.46 0.001
Working 052 0.001 052 0.001
Moving 0.16 0.001 0.16 0.001
Drinking 0.18 0.001 0.18 0.001
Others 0.15 0.001 0.15 0.001
Injury mechanism (ref: accident) Others 0.01 0618 0.01 0.616
Poison 030 0.001 030 0.001
Falling 040 0.001 040 0.001
Route of admission (ref: outpatient & others) ~ Emergency 1.25 0.001 1.25 0.001
Hospital district (ref: metropolitan) Non-metropolitan -0.00 0.888 -0.00 0.907
Beds of hospital (ref: 100-299 beds) <1,000 0.38 0.001 0.38 0.001
500-999 0.53 0.001 0.53 0.001
300-499 0.62 0.001 0.62 0.001
Level 2 (community characteristics)
>Mean in social deprivation index (ref: <mean) 0.34 0.195 0.22 0.408
Financial independence 0.00 0.064 0.00 0.054
Population density -2.66 0.887 6.12 0.747
No. of surgeons 0.12 0.001 0.1 0.001
No. of emergency medicine specialist 001 0.890 0.01 0.925
No. of hospitals 001 0.156 -0.01 0.158
No. of intensive care unit beds -0.00 0.609 -0.00 0.786
No. of operation beds 0.08 0.001 0.08 0.002
No. of emergency beds 0.01 0.169 0.01 0.187
Vlulnerable area of emergency medical service (ref: non-vulnerable) -0.00 0.991 019 0.629
No. of ambulances 0.01 0.727 0.00 0973
No. of emergency medical technician 0.02 0.336 -0.01 0.451
No. of emergency medical center 0.19 0.098 0.18 0.127
Random effect (variance)
Level 2 (community) 172 0.001 1.77 0.001 1.60 0.001 1.65 0.001
Level 1 (individual) 1.00 1.00 1.00 1.00
Intraclass correlation 0.343
Explained variance (%) 6.8
2 23Tk &4 71 whebA = AFYRE SRF S AL TE 263 93.7%, 93.2% % HIThRE ARAIERYIAL, 1St o & 1) At
H(33.8%) 0.2 71 WAL, 55 2237 (28.7%), YAHEE, Wold, = 500-999%84FQ1 - AFE W A Qs = Hl&o] 7MY w3tk
o] I1e R, FER) 19578(251%) 5O wollom], MYE A= AR Y& 7o) aAfjA|o] whebk= SHEA] B F A1) ThiEA]
TALIL(38.6%), H7H(29.9%), F-=(23.7%), 7|EH7.7%) 5O o= o A7t T A0 - Bt A g o] Eofou); A
okt o152 U9k
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Table 6. Multilevel analysis on interfacility transfer in severe injury

Model 1 (n=2,947) Model 2 (n=2,947) Model 3 (n=2,945) Model 4 (n=2,945)

Full model
Estimate  pvalue  Estimate pvalue  Estimate pvalue  Estimate  pvalue
Fixed effect intercept -1.93 0.001 5.27 0.001 -0.69 0.001 -4.26 0.001
Level 1 (individual characteristics)
Age (ref: 0-19) >65 0.60 0.001 0.60 0.001
40-64 0.25 0.001 0.25 0.001
20-39 -0.04 0.345 0.04 0.337
Sex (ref: female) Male 0.35 0.001 0.35 0.001
Type of insurance (ref: National health insurance) ~ Vehicle insurance & others 045 0.001 0.45 0.001
Medical aid 029 0.001 029 0.001
Intention of injury (ref: unintentional) Intentional 0.15 0.002 014 0.002
Place of injury (ref: others) Residence 0.26 0.001 0.26 0.003
Activity of injury (ref: daily living) Exercise & leisure 0.80 0.001 0.80 0.001
Working 1.00 0.001 1.00 0.001
Moving 0.88 0.001 0.88 0.001
Drinking 0.17 0.003 0.17 0.003
Others 0.19 0.001 0.19 0.001
Injury mechanism (ref: accident) Others -0.86 0.001 -0.86 0.001
Poison -1 0.001 -1 0.001
Falling 024 0.001 024 0.001
Route of admission (ref: outpatient & others) Emergency 1.50 0.001 150 0.001
Hospital district (ref: metropolitan) Non-metropolitan 0.68 0.001 0.68 0.001
Beds of hospital (ref: 100-299 beds) <1,000 017 0.012 0.17 0.001
500-999 0.60 0.001 0.60 0.001
300-499 044 0.001 044 0.001
Result of treatment at discharge (ref: improved) ~ Not improved 3.08 0.001 3.08 0.001
Diagnosis not treat 335 0.001 3.35 0.001
Others & unknown 3.84 0.001 385 0.001
Level 2 (community characteristics)
>Mean in social deprivation index (ref: <mean) 1.62 0.001 1.48 0.001
Financial independence 0.00 0.244 0.00 0.231
Population density -53.67 0.061 -76.50 0.012
No. of surgeans 0.02 0.629 0.02 0633
No. of emergency medicine specialist 0.04 0.775 -0.05 0712
No. of hospitals -0.03 0.025 -0.02 0.239
No. of intensive care unit beds 0.00 1.000 0.00 0.975
No. of operation beds 0.01 0.684 -0.00 0.990
No. of emergency beds -0.01 0.592 -0.01 0.588
Vulnerable area of emergency medical service (ref: non-vulnerable) -0.64 0.250 -0.62 0.301
No. of ambulances 0.02 0.365 0.04 0.101
No. of emergency medical technician -0.01 0.619 0.01 0.679
No. of emergency medical center -0.02 0.280 -0.07 0.687
Random effect (variance)
Level 2 (community) 350 0.001 388 0.001 3.33 0.001 3.75 0.001
Level 1 (individual) 1.00 1.00 1.00 1.00
Intraclass correlation 0516
Explained variance (%) 34
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