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Purpose: The purpose of this study is to investigate the association between the nurse staffing level and the
patient mortality using Korean National Health Insurance data. Methods: The data of 1,068,059 patients from
913 hospitals between 2015 and 2016 were analyzed. The nurse staffing level was categorized based on the
bed-to-nurse ratio in general wards, intensive care units (ICUs), and hospitals overall. The X” test and general-
ized estimating equations (GEE) multilevel multivariate logistic regression analyses were used to explore
in-hospital mortality and 30-day mortality after admission. Results: The in-hospital mortality rate was 2.9% and
30-day mortality after admission rate was 3.0%. Odd Ratios (ORs) for in-hospital mortality were statistically
lower in general wards with a bed-to-nurse ratio of less than 3.5 compared to that with 6.0 or more (OR=0.72,
95% Cl=0.63~0.84) and in ICUs with a bed-to-nurse ratio of less than 0.88 compared to that with 1.25 or
more (OR=0.78, 95% CI=0.66~0.92). ORs for 30-day mortality after admission were statistically lower in
general wards with a bed-to-nurse ratio of less than 3.5 compared to that with 6.0 or more (OR=0.83, 95%
Cl=0.73~0.94) and in ICUs with a bed-to-nurse ratio of less than 0.63 compared to that with 1.25 or more
(OR=0.85, 95% CI=0.72~1.00). Conclusion: To reduce the patient mortality, it is necessary to ensure a
sufficient number of nurses by improving the nursing fee system according to the nurse staffing level.
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Table 1. Characteristics of Hospitals and Nursing Staffing Level

Hospitals Patients
Variables Categories
n (%) n (%)
Total 913 (100.0) 1,068,059 (100.0)
Type Tertiary hospital 43 (4.7) 348,108 (32.6)
General hospital 285 (31.2) 533,276 (49.9)
Hospital 585 (64.1) 186,675 (17.5)
Ownership Public sector 78 (8.5) 171,984 (16.1)
Educational foundation 71 (7.8) 326,488 (30.6)
Medical or other corporation 338 (37.0) 387,339 (36.3)
Private 426 (46.7) 182,248 (17.0)
Number of patients 30~199 303 (33.2) 29,165 (2.7)
200~999 336 (36.8) 166,497 (15.6)
1,000~4,999 218 (23.9) 439,941 (41.2)
5,000~9,999 50 (5.5) 329,578 (30.9)
>10,000 6 (0.6) 102,878 (9.6)
Location Seoul 121 (13.3) 253,829 (23.8)
Metropolitan cities 244 (26.7) 277,274 (25.9)
Other cities and rural areas 548 (60.0) 536,956 (50.3)
Bed-to-physician ratio <2 15 (1.7) 146,941 (13.8)
2~<4 86 (9.4) 388,897 (36.4)
4~<10 212 (23.2) 274,197 (25.7)
10~<20 295 (32.3) 181,116 (16.9)
>20 305 (33.4) 76,908 (7.2)
In ICUs* Dedicated resident No 899 (98.5) 1,007,473 (94.3)
Yes 14 (1.5) 60,586 (5.7)
Dedicated specialist No 909 (99.6) 1,023,954 (95.9)
Yes 4(0.4) 44,105 (4.1)
Nurse staffing level Bed-to-nurse ratio <20 6(0.7) 101,247 (9.5)
in general wards 2.0~<25 29 (3.2) 171,080 (16.0)
25~<3.0 74 (8.1) 290,154 (27.2)
3.0~<3.5 87 (9.5) 140,627 (13.2)
3.5~<4.0 52 (5.7) 57,718 (5.4)
4.0~<45 44 (4.8) 35,103 (3.3)
4.5~<6.0 73 (8.0) 66,500 (6.2)
>6.0 548 (60.0) 205,630 (19.2)
Bed-to-nurse ratio <0.63 65 (7.1) 406,731 (38.1)
in ICUs 0.63~<0.88 74 (8.1) 223,870 (21.0)
0.88~<1.25 74 (8.1) 111,509 (10.4)
>1.25 104 (11.4) 120,297 (11.3)
NA 596 (65.3) 205,652 (19.2)
Bed-to-nurse ratio <1.00 13 (1.4) 100,019 (9.4)
in the hospitals overall 1.00~<1.43 73 (8.0) 355,467 (33.3)
1.43~<2.50 156 (17.1) 277,306 (25.9)
2.50~<5.00 216 (23.7) 187,879 (17.6)
>5.00 455 (49.8) 147,388 (13.8)

*Hospitals without ICUs were classified as having no dedicated resident/specialist; ICUs=intensive care units; NA=not applicable.
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Table 2. In-hospital Mortality and 30-day Mortality after Admission by Characteristics of Patients

In-hospital mortality

30-day mortality

Patients
Variables  Categories Death ) Death )
n (%) n (%) n (%) * ()

Total 1,068,059 (100.0) 30,530 (2.9) - 31,814 (3.0) -
Age (yr)  19~49 206,084 (19.3) 1,900 (0.9) 14,422.37 1,847 (0.9) 16,437.91

50~59 219,302 (20.5) 3,184 (1.5) (<.001) 3,214 (15) (<.001)

60~69 217,733 (20.4) 4,372 (2.0) 4,453 (2.1)

70~79 282,769 (26.5) 11,333 (4.0) 11,799 (4.2)

>80 142,171 (13.3) 9,741 (6.9) 10,501 (7.4)
Sex M 546,136 (51.1) 17,584 (3.2) 52527 18,522 (3.4) 658.95

F 521,923 (48.9) 12,946 (2.5) (<.001) 13,292 (2.6) (<.001)
KDRG BO01 Major craniotomy except trauma 23,139 (2.2) 1,044 (4.5) 40,523.59 930 (4.0) 35,177.36

B02 Other craniotomy except trauma 6,371 (0.6) 686 (10.8) (<.001) 665 (10.4) (<.001)

B03 Craniotomy for trauma 8,229 (0.8) 746 (9.1) 722 (8.8)

B63 Degenerative nervous system disorders 37,990 (3.6) 384 (1.0) 389 (1.0)

B66 Stroke 134,736 (12.6) 3,868 (2.9) 3,993 (3.0)

B72 Sequelae of neurologic disease 8,914 (0.8) 110 (1.2) 77 (0.9)

E61 Respiratory infection and inflammation 208,271 (19.5) 7,694 (3.7) 8,125 (3.9)

E65 Pleural disorders 9,182 (0.9) 219 (2.4) 271 (3.0)

E66 Pulmonary edema and respiratory failure 6,149 (0.6) 675 (11.0) 683 (11.1)

E72 Other respiratory system diagnoses 16,697 (1.6) 188 (1.1) 277 (1.7)

F02 Cardiac valve procedures with cardiac cath 1,865 (0.2) 90 (4.8) 77 (4.1)

F03 Cardiac valve procedures without cardiac cath 2,541 (0.2) 81 (3.2) 69 (2.7)

F04 Coronary bypass 3,110 (0.3) 89 (2.9) 78 (2.5)

F06 Major reconstructive vascular procedures 2,529 (0.2) 175 (6.9) 148 (5.9)

F07 Percutaneous cardiovascular procedures 88,936 (8.3) 1,132 (1.3) 1,283 (1.4)

F63 Heart failure and shock 23,953 (2.2) 1,187 (5.0) 1,408 (5.9)

F66 Other vascular disorders 17,721 (1.7) 269 (1.5) 309 (1.7)

F71 Cardiac arrhythmia and conduction disorders 20,370 (1.9) 242 (1.2) 326 (1.6)

F75 Other circulatory system diagnoses 6,863 (0.6) 182 (2.7) 221 (3.2)

GO01 Esophageal procedures 1,622 (0.2) 36 (2.2) 12 (0.7)

G02 Rectal resection 9,285 (0.9) 59 (0.6) 43 (0.5)

G03 Major small and large bowel procedures 26,474 (2.5) 543 (2.1) 424 (1.6)

G04 Stomach and duodenal procedures 28,475 (2.7) 300 (1.1) 242 (0.9)

G61 Gastrointestinal hemorrhage 20,591 (1.9) 392 (1.9) 515 (2.5)

G65 Gastrointestinal obstruction 19,890 (1.9) 227 (1.1) 290 (1.5)

G68 Other digestive system diagnoses 22,703 (2.1) 435 (1.9) 482 (2.1)

HO1 Pancreas, liver and shunt procedures 12,918 (1.2) 177 (1.4) 109 (0.8)

H60 Cirrhosis and alcoholic hepatitis 56,282 (5.3) 1,639 (2.9) 1,856 (3.3)

H65 Diseases of the biliary tract 23,201 (2.2) 216 (0.9) 257 (1.1)

166 Connective tissue diseases 17,546 (1.6) 235 (1.3) 222 (1.3)

L60 Renal failure 55,695 (5.2) 2,425 (4.4) 2,531 (4.5)

L63 Kidney and urinary tract infection 103,927 (9.7) 771 (0.7) 923 (0.9)

T60 Sepsis 11,757 (1.1) 3,445 (29.3) 3,235 (27.5)

T64 Other infectious and parasitic diseases 15,278 (1.4) 260 (1.7) 249 (1.6)

X62 Poisoning/ toxic effects of drugs and others 14,849 (1.4) 309 (2.1) 373 (2.5)
CCI 0 130,181 (12.2) 1,434 (1.1) 914679 1,579 (1.2) 8,094.59

1~5 712,421 (66.7) 16,130 (2.3) (<.001) 17,297 (2.4) (<.001)

>6 225457 (21.1) 12,966 (5.8) 12,938 (5.7)
Admission Outpatient department 855,232 (80.1) 20,339 (2.4) 3,565.24 20,724 (2.4) 4,582.34

Emergency room 212,827 (19.9) 10,191 (4.8) (<.001) 11,090 (5.2) (<.001)

CClI=charlson comorbidity index; KDRG=korean diagnosis-related group.
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Table 3. In-hospital Mortality and 30-day Mortality after Admission by Characteristics of Hospitals

In-hospital mortality

30-day mortality

Variables Categories Death ) Death ,
, X (p) , X (p)
n (%) n (%)
Total 30,530 (2.9) - 31,814 (3.0) -
Type Tertiary hospital 9,287 (2.7) 255.77 10,094 (2.9) 298.06
General hospital 16,585 (3.1) (<.001) 17,159 (3.2) (<.001)
Hospital 4,658 (2.4) 4,561 (2.4)
Ownership Public sector 5,881 (3.4) 741.16 6,044 (3.5) 666.77
Educational foundation 9,777 (3.0) (<.001) 10,491 (3.2) (<.001)
Medical or other corporation 11,285 (2.9) 11,357 (2.9)
Private 3,587 (2.0) 3,922 (2.2)
Number of patients 30~199 599 (2.1) 774.64 544 (1.9) 841.27
200~999 4,617 (2.8) (<.001) 4,498 (2.7) (<.001)
1,000~4,999 13,044 (3.0) 13,436 (3.1)
5,000~9,999 10,571 (3.2) 11,374 (3.5)
>10,000 1,699 (1.7) 1,962 (1.9)
Location Seoul 6,195 (2.4) 256.81 6,425 (2.5) 301.04
Metropolitan cities 7,796 (2.8) (<.001) 8,036 (2.9) (<.001)
Other cities and rural areas 16,539 (3.1) 17,353 (3.2)
Bed-to-physician ratio <2 2,934 (2.0) 502.88 3,199 (2.2) 637.77
2~<4 12,173 (3.1) (<.001) 13,110 (3.4) (<.001)
4~<10 7,843 (2.9) 8,275 (3.0)
10~<20 5,353 (3.0) 5,416 (3.0)
>20 2,227 (2.9) 1,814 (2.4)
InICUs Dedicated resident No 25,551 (2.5)  981,922.00 27,178 (2.7)  980,295.00
Yes 4,979 (8.2) (<.001) 4,636 (7.7) (<.001)
Dedicated specialist No 26,862 (2.6)  997,092.00 28,505 (2.8)  995,449.00
Yes 3,668 (8.3) (<.001) 3,309 (7.5) (<.001)
Nurse Bed-to-nurse ratio <20 1,529 (1.5) 791.54 1,746 (1.7) 789.52
staffing in general wards 2.0~<25 5,024 (2.9) (<.001) 5,214 (3.1) (<.001)
level 2.5~<3.0 9,140 (3.2) 9,981 (3.4)
3.0~<3.5 3,889 (2.8) 4,130 (2.9)
3.5~<4.0 1,756 (3.0) 1,762 (3.1)
4.0~<45 1,026 (2.9) 999 (2.9)
45~<6.0 2,073 (3.1) 2,103 (3.2)
>6.0 6,093 (3.0) 5,879 (2.9)
Bed-to-nurse ratio <0.63 10,761 (2.7) 720.49 11,490 (2.8) 758.49
in ICUs 0.63~<0.88 7,141 (3.2) (<.001) 7,800 (3.5) (<.001)
0.88~<1.25 3,870 (3.5) 3,911 (3.5)
>1.25 4,128 (3.4) 3,979 (3.3)
NA 4,630 (2.3) 4,634 (2.3)
Bed-to-nurse ratio in <1.00 1,963 (2.0) 379.87 2,189 (2.2) 409.82
the hospitals overall ~ 1.00~<1.43 11,049 (3.1) (<.001) 11,838 (3.3) (<.001)
1.43~<2.50 7,725 (2.8) 8,277 (3.0)
2.50~<5.00 5,533 (2.9) 5,538 (3.0)
>5.00 4,260 (2.9) 3,972 (2.7)

ICUs=intensive care units; NA=not applicable.
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