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The Impact of Nurse Staffing Level on In-hospital Death
and Infection in Cancer Patients Who Received Surgery
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Abstract This study was conducted to examine the influence of the nurse staffing level on the level of in-hospital
death and infection in cancer patients who received surgery. Secondary data were used and the subjects of this study
were 24,510 patients who received surgery for six types of cancer with a high postoperative mortality rate in the
first half of 2012 at 260 hospitals. Simple logistic and GEE multiple logistic regression analyses were used. After
adjusting for the patient and hospital characteristics, a greater likelihood of dying was found in the nurse staffing
level 2-3 group (odds ratio [OR], 1.46; 95% confidence interval [CI], 1.00-2.11) and in the level 6-7 group (OR,
3.28; 95% CI, 1.87-5.74) compared to the level 0-1 group. The likelihood of in-hospital infection increased with each
additional bed per nurse, being 6.63 times higher (95% CI, 3.00-14.62) in the level 2-3 group, 5.79 times higher
(95% CI, 1.88-17.78) in the level 4-5 group, and 8.4 times higher (95% CI, 1.82-38.84) in the level 6-7 group, as
compared to the level 0-1 group. A lower nurse staffing level was associated with higher in-hospital death and
infection levels. This shows that an appropriate nurse staffing level is associated with superior postoperative cancer
patient outcomes. Policies for providing adequate nurse staffing should be maintained for the sake of ensuring
improved care quality and patient safety.
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Fig. 1. Conceptual framework of nurse staffing and patient
outcomes
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Table 1. Disease code of infection

Categories Disease code
J13, J14, J150, J151, J152, J153, J154, J155,
Pneumonia J156, J157, J158, J159, J168, J180, J188,
7690, J698,
Sepsis A403, A409, A412, A413, A414, A415, A418,
A419, A499,
UTIL N390, T835

UTIL, urinary tract infection

=
i
>
1o o)\ fo ox
b U
o
ol
T &
o

bR

o
=
N
N
=
o
oy
N
=
Py
=
ints
i)
2
)
o

&5 W A mYRRKC1S, C160), 4

HFO
T

o]

AEAK(C22),

e

SRR G} os5Holz
.S 4 £33 KDRGY & 4318 E V2L

PN
Eaa,

ol
Mo

AT

=

u

X
2
i

X
X

of
of

O%N
ki
o M

(DRG severity)= KDRG Grouper® % 7}3t
2 KDRG| 6WA 2|5 7|50 9
el gl 0, An3 5% 1, %Y

3 ZZ% 307 BEY =) ARG

O:
offl
>

13

411

=900
AR =1

ofmghi28].

25 X2 E2A4Y

AR BAL SAS 93814 ZR e o] faje] 43
sFGAth Bxpe} o nv|d SAL VIEEAR Fetsd
ok tidAke] 599 Al ARt Y] HAE T
A28 F7EA S o83t = R8s
el AntelE7gdrd2)(Generalized estimating equation,
GEE) 2.3& o] &3}

o
] A At S
.

!

A=}
2

al
=

3.1 ChAIREe| Yute £
I_H/\O]_Z]__“:_ 2607H 9]&7]%@]*1 67H
axz % 24,5108 0]t} tAAe]

Alolar Fado

=
L
o

rlr

do %@

§2
0, ot

ek A7) 10,283(42.0%) 0.2 7F
o

L, ek, A AR Eow

2 oX o2 oE Al
Ko
do

X2
=

A5} Sl
A7} 7wk,
Jers, 7%

gl

THEE 1 16871(64.6%)=
17,24274(70.4%)

L&A s Bl

Fe F BTl A AgE 817} 322
1.3%3om, A 792 1109(0.5%) 2.2, ©]
o] 50 o R g Bk, o H¥bF, 8
&9 Aoz vehthTable 2).

R

3.2 8%t W ol=7IB SN $X Znje B
B 242 SR A3, 15AL S e
Agrre] ) AP E ) g el g Aow
ERTh S, A} St o] ReE AU A



B AFEL &8 EA) A8 A4E, 2017

G5 A 7 g50] moksith Al FE2 HEAL
FHEFE 0-15F v Budd v t5A} FREFE 223
T w2 2919, 4-55F w2 4434, 6-75H T
576M2 =olx|a, 7 FE-2 7H7F 7.529, 10.379,
8.704Q1 A o= JEehgTh

Table 2. Characteristics of patients and hospitals, and

patients’ outcomes (N=24,510)
. . Hospital Patients
Variables | Categories 2(%) or M(:SD)| (%) or M(SD)
Age
(years) 625 (£11.7)
Male 15,889 (64.8)
Sex
Female 8,621(35.2)
Type of NHI 23,341 (95.2)
health
insurance Medicaid 1,169 ( 4.8)
0 12,506 (51.0)
DRG 1 5,664 (23.1)
severity 2 4,976 (20.3)
3 1,364 ( 5.6)
Lung 2,409 ( 9.8)
Esophagus 433 ( 1.8)
Type of | Stomach 9,214 (37.6)
cancer Colon 10,283 (42.0)
Liver 1,912 ( 7.8)
Pancreas 259 ( 1.1)
0-1 7(2.7) 6,675 (27.2)
Nurse
staffing 23 126 (48.5) 15,668 (63.9)
level 4-5 58 (22.3) 1,559 ( 6.4)
6-7 69 (26.5) 608 ( 2.5)
Tertiary 44 (16.9) 17,242 (70.4)
hospital
'Type .0 f General
institution hospital 168 (64.6) 6,646 (27.1)
Hospital 48 (18.5) 622 (2.5)
Large city 138 (53.1) 17,408 (71.0)
Location [~ Ci;:y 107 (41.2) 5,533 (22.6)
un - Eup -
Myun 15 ( 5.8) 1,569 ( 6.4)
Surgical 97.2 (£269.0) 837.3 (£907.8)
volume
Alive 24,188 (98.7)
Death Dead 322 (13)
Uninfected 24,400 (99.5)
Infected 110 ( 0.5)
Infection |Pneumonia 50 ( 0.2)
Sepsis 46 ( 0.2)
UTI 14 ( 0.1)
All 260 (100) 24,510 (100)

M, mean; SD, standard deviation; NHI, national health insurance;
UTI, urinary tract infection
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Table 3. The result of simple and multiple GEE logistic regression analysis on in-hospital death (N=24,510)
Dead Alive Unadjusted Adjusted
. . (n=322) (n=24,188)
Variables Categories (%) or (%) or
0, 0,
M(SD) MESD) OR (95% CI) p-value OR 95% CI p-value
Age (years) 71.3 £10.1 624 (£11.6)] 1.06 (1.0:~ 1.07) | <001 | 1.07 (.05 ~ 1.08) | <.001
Sex Male 235 (1.5) | 15,654 (98.5) | 1.00 1.00
Female 87 (1.0) 8,534 (99.0) 0.76 (0.6(~ 0.86) | <.001 0.63 (0.50 ~ 0.81) | <.001
Type of health NHI 273 (1.2) 23,068 (98.8) 1.00 1.00
insurance Medicaid 49 (4.2) 1,120 (95.8) 2.36 (1.8:~ 3.07) | <.001 224 (1.63 ~ 3.09) | <.001
0 75 (0.6) | 12,431 (99.4) 1.00 1.00
. 1 67 (12) | 5597 (98.8) | 151 (1.2(~ 1.91)| <001 | 1.70 (L.16 ~ 2.51) | .007
DRG severity 2 149 (3.0) | 4,827 (97.0) | 3.20 (2.4~ 4.20) | <001 | 9.18 (5.58 ~15.10) | <.001
3 31 (2.3) 1,333 (97.7) 2.36 (1.5~ 3.64) | <.001 1091 (5.11 ~23.30) | <.001
Lung_cancer 48 (2.0) | 2,361 (98.0) | 1.00 1.00
Esophagus_cancer 18 (4.2) 415 (95.8) | 1.84 (1.2(~ 2.63)| <001 | 198 (LIl ~3.50)| .020
T c Stomach cancer 70 (0.8) | 9,144 (99.2) | 0.48 (0.4~ 0.57)| <.001 | 0.07 (0.04 ~ 0.12) | <.001
ype of cancer Colon_cancer 146 (14) | 10,137 (98.6) | 0.68 (0.5~ 0.80) | <001 | 0.15 (0.09 ~ 0.23) | <.001
Liver cancer 31 (L.6) 1,881 (984) | 0.87 (0.7(~ 1.08) | 214 | 0.87 (0.54 ~ 1.40) | .559
Pancreas _cancer 9 (3.5) 250 (96.5) | 1.55 (1.0~ 2.36)| .043 1.75 (0.78 ~ 3.92) | .171
0-1 28 (0.4) 6,647 (99.6) 1.00 1.00
Nurse staffing level 2-3 244 (1.6) 15,424 (98.4) 291 (1.6¢~ 5.15) | <.001 1.46 (1.00 ~ 2.11) .049
45 31 (2.0) 1,528 (98.0) | 4.43 (2.0~ 9.53)| <.001 137 (0.78 ~ 2.39) | 268
6-7 19 (3.1) 589 (96.9) | 5.76 (2.6.~12.67)| <001 | 3.8 (1.87 ~ 5.74) | <.001
Tertiary hospital 179 (1.0) | 17,063 (99.0) | 1.00 1.00
Type of institution General hospital 136 2.0) | 6,510 (98.0) | 1.88 (L3~ 2.58)| <001 | 0.88 (0.64 ~ 1.21)| .433
Hospital 7 (LD 615 (98.9) | 1.6 (0.5~ 3.15 | .628 051 (020 ~ 1.32) | _.167
Large city 187 (1.1) | 17,221 (98.9) | 1.00 1.00
Location City 105 (1.9) 5,428 (98.1) 1.54 (1.0~ 2.23) .025 1.03 (0.76 ~ 1.40) .846
Gun - Eup - Myun 30 (1.9) 1,539 (98.1) | 129 (0.7(~ 2.38) | 416 147 (111 ~ 1.95) | 007
. (£534.6 (£910.
Surgical volume 374.4 ) 843.5 2 0.86 (0.8(~ 0.93) | <.001 0.94 (0.91 ~ 0.96) | <.001
*, Since the range of surgical volume was large, the unit was adjusted as 100 cases to apply for model
M, mean; SD, standard deviation; OR, odds ration; CI, confidence interval; NHI, national health insurance
Table 4. The result of simple and multiple GEE logistic regression analysis on in-hospital infection (N=24,510)
) i {EEIC ]t%()i 8:2;;?26%(; Unadjusted Adjusted
Variables Categories (%) or
M(2SD) n(%) or M(=SD OR(95% CI) | p-value OR(95% CI) p-value
Age (years) 68.3£10.3 62.5511.7 1.04(1.02~ 1.05)] <.001 1.03(1.02~ 1.05)] <.001
Sex Male 83(0.5) 15,806(99.5) 1.00 1.00
Female 27(0.3) 8,594(99.7) 0.65(0.49~ 0.87)| .003 0.65(0.43~ 0.98) .039
Tvpe of health insurance NHI 96(0.4) 23,245(99.6) 1.00 1.00
P Medicaid 14(1.2) 1,155(98.8) 2.23(1.35~ 3.71)| 002 1.84(1.09~ 3.10)| _ .022
0 27(0.2) 12,479(99.8) 1.00 1.00
) 1 27(0.5) 5,637(99.5) 1.82(1.19~ 2.78)] 006 219(L.13~ 424)[ 021
DRG severity 2 33(0.8) 4,938(99.2) 2.72(L.55~ 4.79) 001 5.302.44~11.54)|  <.001
3 18(1.3) 1,346(98.7) 4.44(1.84~10.72)]_.001 9.64(3.31-28.07)| _<.001
Lung cancer 18(0.7) 2,391(99.3) 1.00 1.00
Esophagus cancer 3(1.8) 425(93.2) 2.31(14%~ 3.59)] <.001 2.14(1.09~ 4.18)| 027
T c Stomach cancer 37(0.4) 9.177(99.6) 0.56(0.33~ 0.94) 030 0.14(0.06~ 0.32)] _<.001
ype ot cancer Colon_cancer 39(0.4) | 10,244(99.6) 0.51(0.31~ 0.86)] 011 0.17(0.08~ 0.40)|  <.001
Liver cancer 7(0.4) 1,905(99.6) 0.60(0.33~ 1.08)| .089 0.41(0.14~ 1.17) .095
Pancreas_cancer 1(0.4) 258(99.6) 0.63(0.19~ 2.07)| 447 0.41(0.05~ 3.43)| 410
0-1 5(0.1) 6,670(99.9) 1.00 1.00
Nurse staffing level 23 89(0.6) 15,579(99.4) 7.52(4.26~13.29)] <.001 6.63(3.00~14.62)| <.001
45 12(0.8) 1,547(99.2) 10.37(3.85~27.65)]_<.001 5.79(1.88~17.78)[ 002
6-7 4(0.7) 604(99.3) 8.70(2.41~31.37)|_<.001 8.40(1.82~38.80)| 006
Tertiary_hospital 60(0.3) 17,182(99.7) 1.00 1.00
Type of institution General hospital 48(0.7) 6,598(99.3) 2.01(1.22~ 3.32)[_.006 1.36(0.82~ 2.24)| 235
Hospital 2(0.3) 620(99.7) 0.79(0.20~ 3.13)[ .738 0.84(0.20~ 3.54)| 812
Large city 69(0.4) 17,339(99.6) 1.00 1.00
Location City 33(0.6) 5,500(99.4) 1.10(0.64~ 1.0 .726 1.00(0.63~ 1.59)] _.999
Gun - Eup - Myun 8(0.5) 1,561(99.5) 0.46(0.10~ 2.17)| 326 0.97(0.40~ 2.34)| 940
Surgical volume 418.2+553.0 839.2+908.7 0.91(0.8¢~ 0.97)] .003 1.00(0.96~ 1.05) .890

i, Since the range of surgical volume was large, the unit was adjusted as 100 cases to apply for model

M, mean; SD, standard deviation; OR, odds ration; CI, confidence interval; NHI, national health insurance
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