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Abstract

This study examined the association between the number of nursing staff in intensive care units
(ICUs) and hospital-acquired pneumonia (HAP) among surgical patients in South Korea. Data
were obtained between 2008 and 2019 from the Korean National Health Insurance Service
Cohort Database; 37,706 surgical patients who received critical care services were included in the
analysis. Patients with a history of pneumonia 1 year prior to surgery or those who had
undergone lung-related surgery were excluded. The ICU nursing management fee is an admis-
sion fee that varies based on the grading determined by nurse-to-bed ratio. Using this grading
system, we classified four groups from the highest to the lowest level based on the proportion of
beds to nurses (high, high-mid, mid-low, and low group). HAP was defined by the International
Classification of Disease, 10th revision (ICD-10) code. Multilevel logistic regression was used to
investigate the relationship between the level of ICU nurse staffing and pneumonia, controlling
for variables at the individual and hospital levels. Lower levels of nurse staffing were associated
with a greater incidence of HAP than higher levels of nurse staffing (mid-high, OR: 1.33, 95%CI:
1.12–1.57; mid-low, OR: 1.61, 95% CI: 1.27–2.04; low, OR: 2.13, 95% CI: 1.67–2.71). The
intraclass correlation coefficient value was 0.177, and 17.7% of the variability in HAP was
accounted for by the hospital. Higher ICU nursing management fee grades (grade 5 and above)
in general and hospital settings were significantly associated with an increased risk of HAP
compared to grade 1 admissions. Similarly, in tertiary hospitals, grade 2 and higher ICU nursing
management fees were significantly associated with an increased risk of HAP compared to grade
1 admissions. Especially, a lower level of nurse staffing was associated with bacterial pneumonia
but not pneumonia due to aspiration. In conclusion, this study found an association between the
level of ICU nurse staffing and HAP among surgical patients. A lower level of nurse staffing in
the ICU was associated with increased rates of HAP among surgical patients. This indicates that
having fewer beds assigned to nurses in the ICU setting is a significant factor in preventing HAP,
regardless of the size of the hospital.

Introduction

In the intensive care unit (ICU), advanced medical procedures include the use of invasive
monitoring and mechanical devices to support and assist malfunctioning organs or systems,
such as the respiratory system [1]. As a result, patients in the ICU are at a higher risk of acquiring
hospital-acquired infections (HAIs). Hospital-acquired pneumonia (HAP) is the most prevalent
among these infections, representing 26% of all HAI cases [2].

HAP is categorized into two distinct groups: ventilator-associated pneumonia (VAP) and
severe pneumonia that occurs while a patient is hospitalized [3]. Specifically, among post-
operative patients, pneumonia ranks as the third most frequent complication across all surgical
procedures and is linked to higher patient morbidity and mortality rates [4].

It is estimated that about 20% of HAIs can be prevented through improved infection control
measures [5]. Numerous international guidelines for the prevention ofHAPhave been published.
Most of these guidelines incorporate strategies that focus on staff education, hand hygiene,
patient positioning, ventilator management, the frequency of humidifier changes, and proper
suctioning techniques [6–8]. Nurses working in the critical care unit are tasked with various
responsibilities related to implementing these infection prevention strategies. Consequently,
critically ill patients necessitate increased nursing staff resources and nurses with specialized
knowledge and skills to effectively prevent HAP [9].
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Several studies have examined the connection between nurse
staffing levels and patient health outcomes, including factors like
mortality, hospital stay duration, and complications, in both gen-
eral acute care units and non-critical care units [10–13]. Nonethe-
less, the nurse staffing requirements for patients with critical care
conditions may differ from those in general ward settings. There-
fore, studies on nurse staffing that report outcomes in general acute
care settings may not be applicable to the ICU, and there is a
shortage of studies regarding nurse staffing levels, specifically in
intensive care settings in Korea.

Furthermore, determining what constitutes satisfactory nurse
staffing levels remains a topic of debate in hospitals around the
world [9]. In South Korea, a financial incentive program was
introduced in 1999. It provides higher inpatient nursing fees to
hospitals that establish nursing staff standards using a ratio of beds
to registered nurses (RNs). The grading of nursing levels is deter-
mined by the type of hospital, differentiating between general and
tertiary hospitals. This system was extended to the ICU setting
starting in 2008 [14]. Annually, the government collects informa-
tion on the total number of nursing staff and the number of hospital
beds in almost all hospitals and provides differentiated payment
based on these data.

Following this policy, it is possible to clearly confirm the ICU
nurse staffing level in all hospitals using the claim code. It is hence
possible to evaluate the association between nurse staffing level and
HAP nationwide. Therefore, this study examined the association
between nurse staffing level and HAP in operative patients in the
ICU using nationwide representative cohort data. This might
enrich international evidence of the impact of nursing staff in
different national and organizational contexts.

Method

Study design and data source

This study was a cross-sectional analysis of claim data from the
Korean National Health Insurance (NHI) Service National Sample
Cohort from 2008 to 2019. The NHI data (NHID) consist ofmedical
claim records that represent nationally representative random sam-
ples of the Korean population, accounting for approximately 2.2% of
the entire population. TheKoreanNationalHealth Insurance Service
(NHIS) supplies data for academic research and policy formulation,
encompassing all claims data collected through theNHIS application
procedure. Patients in the cohort were monitored, except in cases of
exclusion due to death or relocation. The National Health Insurance
Database (NHID) contains details regarding socioeconomic status
and clinically ascertained International Classification of Disease,
10th revision (ICD-10) codes [15]. The present study was approved
as exempt by the Institutional Review Board of Yonsei University’s
Health System, and informed consent was waived by the Ethics
Committee as NHID pseudonymized patient data for research pur-
poses (IRB number: 4-2023-1190).

Grade of the nursing management fee

In South Korea, a fee-for-service system operates under payment
system. The number of beds in hospitals varies by hospital type, but
under theMedical Service Act, they can be roughly categorized into
about four types: tertiary hospitals, general hospitals, hospitals, and
clinics. Typically, clinics primarily handle outpatient cases and
hospitals have 30 or more beds, while general hospitals have
100 ormore beds and offer services in at least nine different medical

specialties. Tertiary general hospitals, on the other hand, are
defined by their specialization in providing highly advanced and
specialized medical care for severe or complex conditions and offer
services in more than 20 medical specialties.

Since 2008, the inpatient fees for ICUs have been determined
based on the “Grade of the Nursing Management Fee,” which is
linked to the level of nursing staff availability. Tertiary hospitals are
categorized into grades ranging from 1 to 5, and general hospitals
and hospitals are categorized into grades ranging from 1 to 9 based
on the ratio of the number of beds to the number of nurses. This
systemwas implemented to address the undesirable situationwhere
the quality of nursing care in ICUs was compromised due to
inadequate nursing staffing levels at hospitals. The grades are as
follows, as shown in Supplementary Table 1. These grades were
identified by claim codes.

Participants

We extracted patients who were admitted to critical care units in
general hospitals, hospitals, or tertiary hospitals by identifying them
by the claim fee code (n = 84,397). We excluded patients (1) who
had received lung surgery, according to the surgery claim fee code
(n = 1,226); (2) who did not undergo surgery during their hospi-
talization, andwe selected those who had checked “No” for “Under-
went surgery during admission” (n = 40,673); (3) who were
diagnosed with any type of pneumonia in the year before admission
to the hospital (n = 350); and (4) who admitted to NICU or PICU
(n = 2,301); and (5) with missing covariate values (n = 3,247). The
total number of study participants in the 2008–2019 period was
36,600.

Level of nursing staffing

To divide tertiary hospitals, general hospitals, and hospitals into
quartiles based on the level of nursing staffing, we categorized
grades 1–2 for tertiary hospitals, general hospitals, and hospitals
as the high group, grades 3–4 as the mid-high group, grades 5 for
tertiary hospitals, grades 5–6 for general hospitals and hospitals as
the mid-low group, and grades 7–9 for general hospitals as the low
group. We conducted a sensitivity analysis by dividing the type of
hospitals (tertiary, general hospitals, and hospitals) and each nurs-
ing grade to further investigate the precise associations with HAP.

Hospital-acquired pneumonia

Our dependent variable was HAP, which was defined using data
obtained from all hospitalizations with diagnoses specified by
ICD-10 codes J13, J14, J150-J159, J168, J180, J188, J690, and
J698. To minimize the inclusion of patients with a history of
pneumonia, we excluded individuals with a pulmonary disease
history within 1 year before surgery. Additionally, those who were
admitted for pulmonary surgery were also excluded from the study
population. Furthermore, the fact that patients with pneumonia are
not recommended for surgery might increase the accuracy of
identifying HAP. Furthermore, we defined our second dependent
variable by categorizing HAP into two types: bacterial pneumonia
(J15) and aspiration pneumonia (J69).

Variables

Individual-level variables included various categories, such as socio-
demographic factors, socioeconomic status, health status, and
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treatment. Sociodemographic aspects covered age as a continuous
variable, gender (male or female), and residential area (metropolitan,
urban, or rural). Socioeconomic status was represented by household
income (categorized as high, middle, or low). Health status encom-
passed disability status (yes or no) and the Charlson comorbidity
index with three categories (1, 2, or ≥3). Medical utilization con-
sidered whether the patient received invasive mechanical ventilation
(yes or no) and renal replacement therapy (yes or no) and total days
in the ICU divided into tertiles: The group of individuals who were
hospitalized in the ICU for just 1 day was categorized as the low
group, those who stayed in the ICU for 2 to 4 days were classified as
the middle group, and those who were in the ICU for 5 days or more
were designated as the high group.

Hospital-level variables were based on hospital characteristics,
namely the type of hospital (tertiary hospital, general hospital, or
hospital), location of hospital (metropolitan, city, or rural loca-
tion), and the number of doctors per bed which was calculated for
each hospital by dividing the total number of beds by the total
number of doctors and then categorizing them into quartiles.
Hospitals with a value equal to or greater than 0.54 were labelled
as the high group, those with values exceeding 0.41 but less than
0.54 were classified as the high-mid group, those with values
higher than 0.23 but less than 0.41 were considered the mid-low
group, and hospitals with values equal to or less than 0.23 were
designated as the low group.

Statistical analysis

The chi-square test and t-test were used to determine significant
differences in variables between participants who had and did not
have a diagnosis of HAP. The null hypothesis (H0) was that there
was no difference between groups for a particular variable. To
investigate the effect of individual- and hospital-level variables on
an individual’s likelihood of HAP, we used two-level hierarchical
models that assessed the relationship between HAP and both
individual- and hospital-level variables.

To investigate the relationships between individual factors at
level 1 and hospital-related factors at level 2 with our study
outcomes, we employed generalized linear mixed models for
our multilevel regression analysis. We constructed four models
for this analysis. The initial model served as a null model with no
variables. In the second model (model 2), we introduced
individual-level variables to assess their impact on HAP. Model
3 focused on the influence of hospital-level variables, with the
addition of 200 hospitals as random effects to explore their
unique contributions. Finally, our fourth model (model 4)
incorporated both individual and hospital-level variables. We
utilized intraclass correlations (ICCs) to evaluate whether there
was significant variation between different groups compared to
variation within those groups. The ICC is calculated as the ratio of
the variance between clusters to the total variance. Additionally,
we conducted subgroup analyses to examine the associations
between the level of nursing staffing and HAP, stratified by the
severity of the patient’s illness (including factors such as invasive
mechanical ventilation, ICU stay, and primary admission diag-
nosis) as well as the hospital’s characteristics (hospital location).
We used PROCGLIMMIX to estimate a generalized linear mixed
model with a binary distribution and logit link function. Odds
ratios (ORs) and 95% confidence intervals (CIs) were also calcu-
lated. Data were analyzed using SAS (version 9.4; SAS Institute
Inc., Cary, NC, USA).

Results

Table 1 presents the general characteristics of the study partici-
pants. Of the 36,660 participants included in our study, 2,231
(6.1%) developed HAP. Among those who received ventilator care,
1,364 patients (12.1%) experienced HAP, while only 3.4% of those
who did not receive ventilator care had HAP. Furthermore, in the
group with an ICU stay of 5 days or more, 15.1% experienced HAP.
Among patients who underwent surgery at the low level of nursing
staff, 10.7% had HAP, and patients with HAP were higher in

Table 1. General characteristics of the study population

Variables

Hospital-acquired pneumonia

Total Yes No

p-valuen %a n
%b

(SD) n %b

36,660 100.0 2,231 6.1 34,429 93.9

Individual level

Sex 0.0002

Men 21,525 58.7 1,393 6.5 20,132 93.5

Women 15,135 41.3 838 5.5 14,297 94.5

Age (Mean/SD) <.0001

Region 0.0019

Metropolitan 7,186 19.6 399 5.6 6,787 94.4

City 16,634 45.4 976 5.9 15,658 94.1

Rural 12,840 35.0 856 6.7 11,984 93.3

Household income 0.0043

Low 7,156 19.5 453 6.3 6,703 93.7

Middle 14,053 38.3 754 5.4 13,299 94.6

High 15,421 42.1 994 6.4 14,427 93.6

Invasive mechanical
ventilator

<.0001

Yes 11,312 30.9 1,364 12.1 9,948 87.9

No 25,348 69.1 867 3.4 24,481 96.6

Renal replacement
therapy

0.0036

Yes 2,382 6.5 241 10.1 2,141 89.9

No 34,278 93.5 1990 5.8 32,288 94.2

Charlson
comorbidity
index

0.6270

0–1 3,032 8.3 173 5.7 2,859 94.3

2 2,725 7.4 163 6.0 2,562 94.0

3≤ 30,903 84.3 1895 6.1 29,008 93.9

Total days in ICU <.0001

Tertile 1 14,168 38.6 189 1.3 13,979 98.7

Tertile 2 11,782 32.1 427 3.6 11,355 96.4

Tertile 3 10,710 29.2 1,615 15.1 9,095 84.9

Diagnosis for
adimission

<.0001

(Continued)
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tertiary general hospitals (3.8%) but lower than in general hospitals
(7.8%). Among patients who underwent surgery at hospitals in
rural areas, 7.9% had HAP.

Table 2 presents the findings of the multilevel logistic regres-
sion analysis of the association between ICU nursing staff and
HAP among surgical patients. Between-area variance in HAP was
0.708 (standard error: 0.085) in model 1, and the intraclass cor-
relation coefficient (ICC) value was 0.177, indicating that 17.7% of
the variability in HAP was accounted for by the hospital. In model
2, after including individual-level variables, the percentage change
in variation was found to be 8.9%. Patients who received invasive
ventilator care were at increased risk of HAP than those who did
not (OR: 2.56, 95% CI 2.30–2.85), and patients who were hospi-
talized longer in ICUwere also at increased risk of HAP (OR: 7.05;
95% CI: 5.98–2.63). In model 3, low levels of nurse staffing were

associated with a higher incidence of HAP (low group: OR:1.88;
95% CI: 1.49–2.37). Model 4 included individual and hospital
variables. Adjustment for both individual level and hospital level
(model 4) led to a further reduction in area-level variance. Model
4 also presented that low levels of nurse staffing were associated
with a higher incidence of HAP (mid-high, OR: 1.33, 95% CI:
1.12–1.57; mid-low, OR: 1.61, 95% CI: 1.27–2.04; low, OR: 2.13,
95% CI: 1.67–2.71).

Table 3 shows the association between ICU nurse staffing and
HAP by covariate. Among patients who received VT care, patients
in hospitals with a low level of nurse staffing had a significantly
higher likelihood of HAP (mid-high, OR: 1.34, 95% CI: 1.09–1.64;
low, OR: 1.82, 95% CI: 1.31–2.51). Patients whose length of stay in
the ICU fell in tertile 2 had a greater association with HAP (mid-
high, OR: 1.67, 95%CI: 1.20–2.32;mid-low,OR: 2.31, 95%CI: 1.48–
3.62; low, OR: 2.70, 95% CI: 1.69–4.29). Among patients who
utilized hospitals in the city, the lower the level of nurse staffing,
the higher the association with HAP (mid-high, OR: 1.38, 95% CI:
1.10–1.74; mid-low, OR: 1.80, 95% CI: 1.27–2.56; low, OR: 2.39,
95% CI: 1.70–3.36).

Table 4 presents a subgroup analysis that assessed the relation-
ship between grade of the nursing management fee in ICU and
HAP by hospital type. The likelihood of HAP was higher when
patients were admitted to ICUs with higher nursing management
fee grades, specifically grade 5 and above, compared to grade
1 admissions, both in general hospital and hospital settings. Like-
wise, within tertiary hospitals, ICU admissions with nursing man-
agement fees of grade 2 or higher were also significantly linked to an
increased association of HAP when compared to grade 1 admis-
sions.

Table 5 shows the relationship between the level of nurse staffing
and the type of HAP. A lower level of nurse staffing had a stronger
association with bacterial pneumonia (mid-high, OR: 1.88, 95% CI:
1.41–2.51; mid-low, OR: 2.44, 95% CI: 1.68–3.54; low: OR: 3.32, 95%
CI: 2.28–4.85). Also, as the nursing staff level decreased, the associ-
ation with aspiration pneumonia increased, although it was not
statistically significant (mid-high, OR: 1.07, 95% CI: 0.87–1.32; mid-
low, OR: 1.16, 95% CI: 0.84–1.58; low: OR: 1.25, 95% CI: 0.90–1.74).

Discussion

Our study investigated the association between the level of nurse
staffing in the ICU andHAP among surgical patients using National
Health Insurance cohort data. Our results showed that surgical
patients experiencing lower levels of nurse staffing in the ICU were
more likely to develop HAP than those experiencing standard levels
of nurse staffing.Wedetermined factors associatedwithHAP at both
individual and hospital levels. Also, our results might suggest the
association with HAP varies across hospitals and that differences in
hospital conditions should be considered to prevent HAI.

National representative data on the relationship between nurse
staffing levels andHAP are scarce in previous studies. Some reports
on the relationship between staffing level and HAP are available
[9]. A systematic review investigated the relationship between
healthcare-associated pneumonia and nurse staffing levels. Almost
all studies found a relationship between the proportion of total
hours of nursing care provided by RNs or the number of registered
hours per day and pneumonia among patients [9, 11, 16–18]. How-
ever, there have been few studies on howmany RNs per patient are
appropriate to improve the quality of care. Additionally, some
studies found no link between staffing levels and the risk of

Table 1. (Continued)

Variables

Hospital-acquired pneumonia

Total Yes No

p-valuen %a n
%b

(SD) n %b

36,660 100.0 2,231 6.1 34,429 93.9

Oncological 7,393 20.2 237 3.2 7,156 96.8

Neurological 1821 5.0 205 11.3 1,616 88.7

Gastrointestinal 4,700 12.8 176 3.7 4,524 96.3

Cardiovascular
disease

12,024 32.8 979 8.1 11,045 91.9

Other 10,722 29.2 634 5.9 10,088 94.1

Hospital level

Level of nursing
staff

<.0001

High 20,348 55.5 837 4.1 19,511 95.9

Mid–high 8,653 23.6 630 7.3 8,023 92.7

Mid–low 4,073 11.1 379 9.3 3,694 90.7

Low 3,586 9.8 385 10.7 3,201 89.3

Type of hospital <.0001

Tertiary hospital 15,754 43.0 605 3.8 15,149 96.2

General hospital
and hospital

20,906 57.0 1,626 7.8 19,280 92.2

Location of hospital <.0001

Metropolitan 12,166 33.2 506 4.2 11,660 95.8

City 16,174 44.1 1,070 6.6 15,104 93.4

Rural 8,320 22.7 655 7.9 7,665 92.1

Bed to doctor ratio <.0001

High 9,533 26.0 301.0 3.2 9,232 96.8

Mid–high 8,739 23.8 497.0 5.7 8,242 94.3

Mid–low 9,511 25.9 595.0 6.3 8,916 93.7

Low 8,422 23.0 383.0 4.5 8,039 95.5

p values reflect t-tests for continuous variables and χ2 tests for dichotomous/categorical
variables.
aColumn percentage.
bRow percentage.
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Table 2. Adjusted odds ratio of HAP by characteristics of individual- and hospital-level, multi-level model

Variables

Hospital-acquired pneumonia

Model 1 Model 2 Model 3 model 4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Individual level(fixed effect)

Sex

Men 1.00 1.00

Women 0.73 (0.66–0.80) 0.73 0.66–0.80

Age (years) 1.02 (1.02–1.03) 1.02 1.02–1.03

Region

Metropolitan 1.00 1.00

City 0.99 (0.84–1.17) 0.93 0.78–1.11

Rural 1.02 (0.86–1.23) 0.93 0.77–1.13

Household income

Low 1.00 1.00

Middle 1.01 (0.89–1.15) 1.00 0.88–1.14

High 1.11 (0.97–1.25) 1.09 0.96–1.24

Invasive mechanical ventilator

Yes 2.56 (2.30–2.85) 2.66 2.39–2.96

No 1.00 1.00

Renal replacement therapy

Yes 0.98 (0.83–1.14) 1.01 0.86–1.18

No 1.00 1.00

Charlson comorbidity index

0–1 1.00 1.00

2 0.95 (0.75–1.22) 0.98 0.77–1.25

≤3 0.95 (0.79–1.15) 0.99 0.82–1.19

Total days in ICU

Tertile 1 1.00 1.00

Tertile 2 2.20 (1.84–1.84) 2.20 1.84–2.63

Tertile 3 7.05 (5.98–2.63) 6.93 5.88–8.17

Diagnosis for admission

Oncological 1.00 1.00

Neurological 2.01 (1.62–2.50) 2.00 1.61–2.49

Gastrointestinal 0.79 (0.64–0.98) 0.78 0.63–0.97

Cardiovascular disease 1.50 (1.28–1.76) 1.49 1.27–1.74

Other 1.28 (1.08–1.52) 1.28 1.08–1.51

Hospital level

Level of nursing staff

High 1.00 1.00

Mid–high 1.21 (1.03–1.41) 1.33 1.12–1.57

Mid–low 1.50 (1.20–1.88) 1.61 1.27–2.04

Low 1.88 (1.49–2.37) 2.13 1.67–2.71

Type of hospital

Tertiary hospital 1.00 1.00

(Continued)
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Table 2. (Continued)

Variables

Hospital-acquired pneumonia

Model 1 Model 2 Model 3 model 4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

General hospital and hospital 1.24 (0.97–1.59) 1.23 0.96–1.58

Location of hospital

Metropolitan 1.00 1.00

City 1.01 (0.76–1.34) 1.12 0.83–1.50

Rural 1.06 (0.78–1.45) 1.09 0.79–1.52

Number of physician per bed

High 1.00 1.00

Mid–high 1.15 (0.94–1.40) 1.12 (0.91–1.38)

Mid–low 1.16 (0.89–1.51) 1.14 (0.86–1.50)

Low 1.28 (0.93–1.75) 1.29 0.93–1.78

Between area variance (SE) 0.708 (0.085)* 0.645 (0.082)* 0.519 (0.068)* 0.444 (0.0618)*

Percentage change in variation – 8.9% 26.7% 37.3%

Model Fitness

�2 Log Likelihood 15,262.83 12,866.58 15,267.74 13,367.03

Intraclass correlation coefficient (%)a 17.7%

OR, odds ratio; CI, confidence interval; SE, standard error.
a17.7% of the variability in HAP is accounted for by the hospital in the study.
*p < 0.0001.

Table 3. Subgroup analysis stratified by covariates

Variables

Hospital-acquired pneumonia

Level of nursing staff

High Mid-high Mid-low Low

OR OR 95% CI OR 95% CI OR 95% CI

Invasive mechanical ventilator

Yes 1.00 1.34 (1.09–1.64) 1.46 (1.07–2.00) 1.82 (1.31–2.51)

No 1.00 1.46 (1.10–1.92) 2.01 (1.42–2.84) 2.74 (1.93–3.89)

Total days in ICU

Low 1.00 2.06 (1.12 3.49) 2.85 (1.38–5.91) 3.23 (1.52–6.86)

Middle 1.00 1.67 (1.20–2.32) 2.31 (1.48–3.62) 2.70 (1.69–4.29)

High 1.00 1.18 (0.97–1.45) 1.37 (1.03–1.81) 1.37 (1.03–1.81)

Diagnosis for admission

Oncological 1.00 1.53 (1.00–2.33) 1.69 (0.83–3.46) 2.41 (1.21–4.80)

Neurological 1.00 1.11 (0.63–1.96) 2.57 (1.18–5.62) 2.43 (1.09–5.42)

Gastrointestinal 1.00 1.74 (0.99–3.04) 1.61 (0.76–3.40) 2.01 (0.95–4.27)

Cardiovascular disease 1.00 1.40 (1.09–1.81) 1.68 (1.20–2.37) 2.50 (1.76–3.56)

Other 1.00 1.23 (0.90–1.66) 1.48 (0.99–2.24) 1.62 (1.05–2.49)

Hospital level

Location of hospital

Metropolitan 1.00 1.60 (1.16–2.19) 2.97 (1.61–5.47) 1.61 (0.88–2.95)

City 1.00 1.38 (1.10–1.74) 1.80 (1.27–2.56) 2.39 (1.70–3.36)

Rural 1.00 1.07 (0.75–1.80) 1.16 (0.75–1.80) 1.74 (1.07–2.81)

Adjusted for all covariates.
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pneumonia. However, this may be due to the severity of patients’
conditions, hospital size, and hospital-specific differences. Our
study design reflected both hospital and individual health charac-
teristics, using a multilevel analysis.

Previous studies demonstrated that adequate nurse staffing
levels are linked to positive patient outcomes in the ICU [19,
20]. Patients admitted to the ICU in general hospital with a grade
5 of ICU nursing management fee showed a significantly increased
association with HAP compared to patients admitted to a grade
1. Patients admitted to ICU in tertiary hospital with a grade 2 of
ICU nursing management fee showed a significantly increased
association with HAP compared to patients admitted to a grade
1. This suggests that in the ICU setting, the number of beds assigned
to nurses is a meaningful factor in preventing HAP in hospitals of
all sizes. Another study in Korea showed that less than grade 5 of
ICU nursing management fee in the ICU was associated with a
shorter length of stay [21]. The results showed that a similar grade

of the nursing management fee was associated with acceptable
quality of medical care.

Furthermore, we found a relationship between the level of nurse
staffing and pneumonia; in particular, staffing differences were
associated with bacterial pneumonia rather than aspiration pneu-
monia. Various studies have shown that risk factors for aspiration
pneumonia are related to individual health conditions, not hospital
conditions, such as oral health, alcohol consumption, dehydration,
and dementia, and studies related to hospital characteristics and
nurse staffing levels have been limited [22–25]. However, patients,
staff, and equipment clearly contribute to bacterial transmission,
increasing the risk of infection [26, 27]. A low level of nurse staffing
might result in nurses caring for more patients, which can lead to
increased workload, which is associated with HAP [11].

Our results showed that the relationship between nurse staffing
levels and HAP differs according to according to patients’ medical
needs or hospital location. The association between nurse staffing
level and HAP appeared to differ according to patients’ diagnoses.
There was a relatively low association between nursing staff levels
and HAP for hospitals located in rural areas. Due to the character-
istics of the healthcare delivery system in Korea, patients with
severe and acute conditions frequently utilize hospitals in the
metropolitan or city, and most such hospitals have a high level of
nurse staffing.

This study had several limitations. First, we only considered ICUs
used by adults, excluding neonatal or paediatric ICUs. This did not
permit derivation of the association between pneumonia and the
overall level of intensive care nurse staffing in Korea. Further research
is needed because there is a large difference in health characteristics
when analyzing the nursing level for each population. Second, since
there was a claim data limitation regarding clearly distinguishing
HAP, we screened for HAP by specific clerical definition. However,
we made efforts to improve the accuracy of HAP by excluding
individuals with a history of pneumonia within the past year and
those who had undergone lung-related surgery before surgery. Third,
after 2019, a financial incentive system related to the level of nurse
staffing changed themethod of calculation from nurse-to-bed ratio to
nurse-to-patient ratio. Our data used the nurse-to-bed ratio in the
study period before the calculation method changed. Therefore,
additional research on the appropriate number of nurses per patient
is needed using the data after the change. Fourth, our data did not
consider the characteristics of nursing staff, such as the nurses’
educational level and clinical experience. However, the grade of nurse
staffing is highly accurate because it is measured as the number of
nurses reported to the government every year compared with the
number of ICU beds in Korean medical institutions.

Table 4. Association between grade of the nursing management fee in ICU and
HAP by type of hospital

Variables

Hospital-acquired pneumonia

OR 95% CI

Criteria of grade of the nursing management fee in ICU

Total hospital

1 grade 1.00

2 grade 1.39 (1.11–1.75)

3 grade 1.83 (1.42–2.35)

4 grade 1.83 (1.33–2.51)

5 grade 2.27 (1.64–3.16)

6 grade 2.25 (1.61–3.15)

7 grade 3.08 (2.24–4.24)

8 grade 2.57 (1.71–3.85)

9 grade 3.13 (2.02–4.85)

Tertiary hospital

1 grade 1.00

2 grade 1.45 (1.10–1.92)

3 grade 1.98 (1.35–2.92)

4 grade 3.52 (0.79–15.64)

5 grade 1.76 (0.79–3.90)

General hospital and hospital

1 grade 1.00

2 grade 1.09 (0.74–1.60)

3 grade 1.39 (0.94–2.05)

4 grade 1.38 (0.90–2.13)

5 grade 1.75 (1.12–2.74)

6 grade 1.71 (1.10–2.66)

7 grade 2.35 (1.53–3.61)

8 grade 2.01 (1.22–3.30)

9 grade 2.35 (1.39–3.97)

Adjusted for all covariates.

Table 5. Association between level of nursing staff and type of pneumonia

Variables

Hospital–acquired pneumonia

Bacterial pneumonia Pneumonia due to aspiration

OR 95% CI OR 95% CI

Level of nursing staff

High 1.00 1.00

Mid–high 1.88 1.41–2.51 1.07 0.87–1.32

Mid–low 2.44 1.68–3.54 1.16 0.84–1.59

Low 3.32 2.28–4.85 1.25 0.90–1.74

Adjusted for all covariates.
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Conclusion

In conclusion, this study found an association between the level of
nurse staffing and HAP in surgical patients. A lower level of nurse
staffing in the ICU had a strong relationship with HAP among
surgical patients. This indicates that having fewer beds assigned to
nurses in the ICU setting is a significant factor in preventing HAP
regardless of the size of the hospital.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S0950268824000232.

Data availability statement. The data that support the findings of this study
are available from the corresponding author, SI Jang, upon reasonable request.

Acknowledgements. We would like to thank the colleagues from the Depart-
ment of Public Health, Graduate School of Yonsei University for advice on this
manuscript.

Author contribution. Y.S.P. conceived the presented idea. Y.S.P. and
I.Y. developed the theory and performed the computations. Y.S.P. and S.-y.J.
verified the analytical methods. E.-C.P. and S.-I.J. supervised the findings of this
work. All authors discussed the results and contributed to the final manuscript.

Competing interest. The authors have no conflicts of interest to declare.

Funding statement. This research was supported by a grant from the Korea
Health Technology R&D Project through the Korea Health Industry Develop-
ment Institute (KHIDI), funded by theMinistry ofHealth andWelfare, Republic
of Korea (grant number: HI20C1130).

References

[1] Wałaszek M, et al. (2016). The risk factors for hospital-acquired pneu-
monia in the intensive care unit. Przegla̧d Epidemiologiczny 70(1), 15–20.

[2] Union OE (2018) Healthcare-associated infections. InHealth at a Glance:
Europe 2018: State of Health in the EU Cycle. Brussels: Paris/European
Union.

[3] Koulenti D, Tsigou E and Rello J (2017) Nosocomial pneumonia in
27 ICUs in Europe: Perspectives from the EU-VAP/CAP study. European
Journal of Clinical Microbiology & Infectious Diseases 36, 1999–2006.

[4] KazaureHS,MartinM,Yoon JK,Wren SM (2014) Long-term results of a
postoperative pneumonia prevention program for the inpatient surgical
ward. JAMA Surgery 149(9), 914–918.

[5] Harbarth S, SaxH andGastmeier P (2003) The preventable proportion of
nosocomial infections: An overview of published reports. Journal of
Hospital Infection 54(4), 258–266; quiz 321.

[6] Masterton R (2007) The place of guidelines in hospital-acquired pneu-
monia. Journal of Hospital Infection 66(2), 116–122.

[7] Masterton RG, et al. (2008) Guidelines for the management of
hospital-acquired pneumonia in the UK: Report of the working party
on hospital-acquired pneumonia of the British Society for Antimicro-
bial Chemotherapy. Journal of Antimicrobial Chemotherapy 62(1),
5–34.

[8] Masterton RG, et al. (2008) Guidelines for the management of hospital-
acquired pneumonia in the UK: Report of the working party on hospital-

acquired pneumonia of the British Society for Antimicrobial Chemother-
apy. Journal of Antimicrobial Chemotherapy 62(1), 5–34.

[9] Aragon Penoyer D (2010) Nurse staffing and patient outcomes in critical
care: A concise review. Critical Care Medicine 38(7), 1521–1528.

[10] Halm M, et al. (2005) Hospital nurse staffing and patient mortality,
emotional exhaustion, and job dissatisfaction. Clinical Nurse Specialist
19(5), 241–251.

[11] Needleman J,Buerhaus P,Mattke S, Stewart M and Zelevinsky K (2002)
Nurse-staffing levels and the quality of care in hospitals. New England
Journal of Medicine 346(22), 1715–1722.

[12] Tschannen D and Kalisch BJ (2009) The effect of variations in nurse
staffing on patient length of stay in the acute care setting.Western Journal
of Nursing Research 31(2), 153–170.

[13] Mark BA, Harless DW and Berman WF (2007) Nurse staffing and
adverse events in hospitalized children. Policy, Politics, & Nursing Practice
8(2), 83–92.

[14] Kim Y and Kim J (2015) Impact of a financial incentive policy on Korean
nurse staffing. International Nursing Review 62(2), 171–179.

[15] Lee J, Lee JS, Park S-H, Shin SA and Kim K (2017) Cohort profile: The
National Health Insurance Service–National Sample Cohort (NHIS-NSC),
South Korea. International Journal of Epidemiology 46(2), e15.

[16] Unruh L (20073) Licensed nurse staffing and adverse events in hospitals.
Medical Care 41(1).

[17] Kovner C and Gergen PJ (1998) Nurse staffing levels and adverse events
following surgery in U.S. hospitals. Image: The Journal of Nursing Schol-
arship 30(4), 315–321.

[18] Cho S-H,Ketefian S,BarkauskasVHand SmithDG (2003) The effects of
nurse staffing on adverse events, morbidity, mortality, and medical costs.
Nursing Research 52(2), 71–79.

[19] Kane RL, Shamliyan TA, Mueller C, Duval S and Wilt TJ (2007) The
association of registered nurse staffing levels and patient outcomes: sys-
tematic review and meta-analysis. Medical Care, 45(12),1195–1204.

[20] Lankshear AJ, Sheldon TA and Maynard A (2005) Nurse staffing and
healthcare outcomes: A systematic review of the international research
evidence. Advances in Nursing Science 28(2), 163–174.

[21] Kim S and Kim TH (2022) The association between nurse staffing level
and length of stay in general ward and intensive care unit in Korea.Applied
Nursing Research 63, 151558.

[22] Manabe T, Teramoto S, Tamiya N, Okochi J and Hizawa N (2015) Risk
factors for aspiration pneumonia in older adults. PLoS One 10(10), e0140060.

[23] Taylor JK, Fleming GB, Singanayagam A, Hill AT and Chalmers JD
(2013) Risk factors for aspiration in community-acquired pneumonia:
Analysis of a hospitalized UK cohort. The American Journal of Medicine
126(11), 995–1001.

[24] Vonghia L, et al. (2008) Acute alcohol intoxication. European Journal of
Internal Medicine 19(8), 561–567.

[25] TerpenningMS, Taylor GW, Lopatin DE,Kerr CK,Dominguez BL and
Loesche WJ (2001) Aspiration pneumonia: Dental and oral risk factors in
an older veteran population. Journal of the American Geriatrics Society 49
(5), 557–563.

[26] Lax S, et al. (2017) Bacterial colonization and succession in a newly opened
hospital. Science Translational Medicine 9(391), eaah6500.

[27] Marinella MA, Pierson C and Chenoweth C (1997) The stethoscope: A
potential source of nosocomial infection? Archives of Internal Medicine
157(7), 786–790.

8 Yu Shin Park et al.

https://doi.org/10.1017/S0950268824000232 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268824000232
https://doi.org/10.1017/S0950268824000232

	Association between nurse staffing level in intensive care settings and hospital-acquired pneumonia among surgery patients: result from the Korea National Health Insurance cohort
	Introduction
	Method
	Study design and data source
	Grade of the nursing management fee
	Participants
	Level of nursing staffing
	Hospital-acquired pneumonia
	Variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Supplementary material
	Data availability statement
	Acknowledgements
	Author contribution
	Competing interest
	Funding statement
	References


