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Analysis of Factors Related to Mortality in Adult ICU Patients:
Focusing on Nurse Staffing Level
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Purpose: The purpose of this study was to assess the influence of nurses staffing level on patient health outcomes in
intensive care units (ICUs) in Korea. Methods: The study was retrospective in nature. Information on patients and their
outcomes, as well as nurse cohort data, were obtained from Korea's National Health Insurance Service Database. The
observation period was from January 1, 2008 to December 31, 2018, and data for 2,964,991 patients were analyzed.
Independent variables included patient' age and sex and hospital type, intensivist, and nurses staffing level. Results: The
mortality rate in ICUs was significantly higher at tertiary hospitals with a level 3~4 (HR, 1.21; 95% confidence interval,
1.19~1.22) or level 5~9 nurse staffing (HR, 1.31; 95% confidence interval, 1.27~1.34) compare to that of tertiary hospitals
with a 1~2 level. 28-day mortality rate was also higher at general hospitals with a level 3~4 (HR, 1.13; 95% confidence
interval, 1.12~1.14), level 5~6 (HR. 1.34; 95% confidence interval, 1.32~1.36), level 7~9 nurse staffing (HR, 1.38; 95%
confidence interval, 1.38~1.42), using level 1~2 as reference. Conclusion: Nurses staffing level is a key determinant of
healthcare-associated mortality in critically ICUs patients. Policies to achieve adequate nurse staffing levels are therefore
required to enhance patient outcomes.
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Table 1. Intensive Care Unit Patients Characteristics

(N=2,964,991)

Total Tertiary hospital General hospital
Variables Categories (n=1,179,740) (n=1,785,251) p
n (%) or M+SD n (%) or M+SD n (%) or M£SD
Sex Male 1,696,954 (57.23) 696,106 (59.0) 1,000,848 (56.1) <.001
Female 1,268,037 (42.77) 483,634 (41.0) 784,403 (43.9)
Age (year) <30 68,134 (2.3) 85,653 (2.9) 91,873 (5.2) <.001
30~39 119,049 (4.02) 56,111 (4.8) 62,938 (3.5)
40~49 288,205 (9.72) 126,418 (10.7) 161,787 (9.1)
50~59 522,469 (17.62) 236,093 (20.1) 286,376 (16.0)
60~69 615,708 (20.77) 279,462 (23.7) 336,246 (18.8)
70~79 775,333 (26.15) 298,199 (25.3) 477,134 (26.7)
80~89 492,352 (16.61) 134,120 (11.4) 358,232 (20.1)
>90 83,741 (2.82) 14,851 (1.26) 68,890 (3.9)
65.431+15.56 65.431+15.51 64.54115.50
Income 1~4 423,749 (14.29) 159,529 (14.9) 264,220 (17.8) <.001
5~10 574,877 (19.39) 227,797 (21.2) 347,080 (23.3)
11~15 620,347 (20.92) 259,010 (24.1) 361,337 (24.3)
16~20 942,998 (31.8) 427,819 (39.8) 515,179 (34.6)
Type of Community insurance 955,482 (32.23) 382,550 (32.4) 572,932 (32.1) <.001
insurance Workplace insurance 1,664,994 (56.16) 715,397 (60.6) 949,597 (53.2)
Medical aid 334,515 (11.62) 81,793 (6.9) 262,722 (14.7)
CaI 0 94,025 (3.17) 41,754 (3.5) 52,271 (2.9) <.001
1 235,347 (7.94) 102,394 (8.7) 132,953 (7.5)
2 327,918 (11.06) 140,308 (11.9) 187,610 (10.5)
>3 2,307,701 (77.83) 895,284 (75.9) 1,412,417 (79.1)
CClI=Charlson comorbidity index.
Table 2. Hospital Characteristics including Nursing Staff Levels (N=2,964,991)
_— Tertiary hospitals General hospitals
ota
Variables Categories Patient (n=1,179,740)  Patient (n=1,785,251) p
n (%) n (%) n (%)
Region Seoul (capital) 789,029 (26.61) 512,198 (43.42) 276,831 (15.51) <.001
Metropolitan cities 774,532 (26.12) 369,052 (31.28) 405,480 (22.71)
Small and medium-sized city =~ 1,401,430 (12.79) 298,490 (25.30) 1,102,940 (62.78)
Bed size <499 1,162,139 (39.20) 38,824 (3.29) 1,123,315 (62.92) <.001
500~999 1,423,755 (48.02) 761,881 (64.58) 661,874 (37.07)
>1,000 379,097 (12.79) 379,035 (32.13) 62 (0.00)
Intensivist Not present 1,521,039 (51.30) 255,178 (21.63) 1,265,861 (70.91) <.001
Present 1,443,952 (48.70) 924,562 (78.37) 519,390 (29.09)
ICU nurse Grade 1 (< 0.50) 428,042 (14.44) 384,760 (32.61) 43,282 (2.42) <.001
staffing Grade 2 (< 0.63) 724,989 (24.45) 421,321 (35.71) 303,668 (17.01)
Grade 3 (<0.77) 713,955 (24.08) 288,214 (24.43) 425,741 (23.85)
Grade 4 (<0.88) 221,463 (7.47) 27,620 (2.34) 193,843 (10.86)
Grade 5 (<1.00) 169,147 (5.70) 13.060 (1.11) 156,087 (8.74)
Grade 6 (<1.25) 260,113 (8.77) 1,424 (0.12) 258,689 (14.49)
Grade 7 (< 1.50) 276,079 (9.31) 42,291 (3.85) 233,788 (13.10)
Grade 8 (<2.00) 84,426 (2.85) 3 (0.00) 84,423 (4.73)
Grade 9 (>2.00) 86,704 (2.92) 1,019 (0.09) 85,685 (4.80)

ICU=Intensive care unit.
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Table 3. Multivariate Analysis of Factors associated with In-hospital and 28-day Mortality

Variables

Categories

In-hospital mortality

28-day mortality

HR 95% CI p HR 95% CI p
Hospital characteristics
Hospital type Tertiary 1.00 1.00
General 091 0.90~0.92 <.001 0.88 0.88~0.89 <.001
Region Seoul (capital) 1.00 1.00
Metropolitan cities 1.03 1.02~1.04 <.001 1.06 1.05~1.07 <.001
Small and medium-sized city 1.05 1.04~1.06 <.001 1.07 1.06~1.08 <.001
Bed size <499 1.00 1.00
500~999 0.97 0.96~0.98 <.001 0.98 0.98~1.00 .028
>1,000 0.67 0.66~0.68 <.001 0.64 0.63=0.65 <.001
Intensivist Not present 1.00 1.00
Present 1.09 1.08~1.10 <.001 1.04 1.03~1.05 <.001
Patient characteristics
Sex Male 1.00 1.00
Female 0.80 0.79~0.81 <.001 0.80 0.80~0.81 <.001
Age, years <30 1.00 1.00
30~39 1.14 1.04~1.25 .004 1.33 1.20~1.48 <.001
40~49 1.28 1.17~2.06 <.001 1.56 1.41~1.73 <.001
50~59 1.37 1.87~2.25 <.001 1.67 1.51~3.06 <.001
60~69 1.60 1.46~1.74 <.001 1.92 1.74~2.12 <.001
70~79 2.19 2.01~2.39 <.001 2.77 2.51~3.06 <.001
80~89 3.14 2.88~3.43 <.001 4.20 3.80~4.64 <.001
>90 4.39 4.01~4.79 <.001 6.32 5.71~6.99 <.001
Income 1~4 1.00 1.00
5~10 1.02 1.01~1.03 <.001 1.02 1.00~1.03 .006
11~15 0.99 0.98~1.00 113 0.98 0.96~0.99 <.001
16~20 0.97 0.96~0.98 <.001 0.93 0.92~0.94 <.001
Type of insurance ~ Community 1.00 1.00
Workplace 0.95 0.94~0.96 <.001 0.95 0.94~0.95 <.001
Cc 0 1.00 1.00
1 1.18 1.15~1.22 <.001 1.14 1.11~1.18 <.001
2 1.28 1.25~1.32 <.001 1.20 1.17~1.23 <.001
>3 1.75 1.71~1.80 <.001 1.49 1.45~1.53 <.001
CCI=Charlson comorbidity index.
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Table 4. Analysis of ICU Nurse Staffing associated with In-hospital and 28-day Mortality

In-hospital mortality

28-day mortality

Variables Categories Univariate Multivariate Univariate Multivariate
HR 95%CI p HR 9%CI p HR 9%CI p HR 9%5%Cl p

Levelof  Grade1~2(ref) 1 - 1 - 1 - 1 -

?;E;g Grade 3~4 137 136~1.39 <.001 116 115~118 <.001 147 146~149 <.001 121 1.19~122 <.001

inTH  Grade 5~9 136 133~1.39 <.001 130 1.27~134 <.001 142 139~145 <.001 131 127~134 <.001

Level of  Grade1~2 (ref) 1 - 1 - 1 - 1 -

;L;Zeng Grade 3~4 1.07 1.05~1.08 <.001 1.04 1.03~1.05 <.001 115 114~116 <.001 113 112~1.14 <.001

inGH  Grade 5~6 128 126~129 <.001 122 120~124 <.001 140 138~147 <.001 134 1.32~136 <.001
Grade 7~9 142 140~143 <.001 131 1.29~133 <.001 151 149~1.53 <.001 140 1.38~1.42 <.001

TH=Tertiary hospital; GH=General hospital; HR=Hazard ratio; CI=Confidence interval.
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