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1  | INTRODUC TION

Pressure ulcers (PUs) are localized skin injuries that can result in seri-
ous health problems (National Pressure Ulcer Advisory Panel, 2014). 

It is associated with extended hospital stays and substantial eco-
nomic burden for patients (Bauer, Rock, Nazzal, Jones, & Qu, 2016). 
The incidence of hospital-acquired pressure ulcers (HAPUs) is ap-
proximately 1.8%–14% (Bauer et al., 2016; Chaboyer et al., 2016; Fu 
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Abstract
Aim: To analyse patient factors and nurse staffing-related issues involving hospital-
acquired pressure ulcers in patients at two types of hospital.
Background: Hospital-acquired pressure ulcers are important for the safety of hos-
pitalized patients. Hospital-acquired pressure ulcers not only cause health problems, 
but also pose an economic burden to patients. In addition to patient factors such as 
mobility and skin integrity, hospital factors such as nurse staffing can also affect the 
management of such patients.
Methods: This study is a retrospective review of patient data and analysis of factors 
related to hospital-acquired pressure ulcers using stratified Cox proportional hazards 
regression.
Results: A total of 53,923 patients were included. The incidence of hospital-acquired 
pressure ulcers was 0.98 per 1,000 days. Hospital-acquired pressure ulcers were af-
fected by gender, age, previous falls, low oxygen levels, positioning and toilet use. 
When the levels of nurse staffing were determined as one of the hospital factors, 
the daily hours of patient care was increased thereby contributing to the reduced 
incidents of hospital-acquired pressure ulcers.
Conclusion: Strategies for preventing hospital-acquired pressure ulcers should be 
based on the analysis of risk factors.
Implications for Nursing Management: Most individual risk factors for hospital-ac-
quired pressure ulcers identified cannot be modified easily in a short time. Nurse 
staffing should be set at adequate levels to prevent hospital-acquired pressure ulcers.
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Shaw, Chang, Lee, Kung, & Tung, 2014; Schneider & Geraedts, 2016). 
It varies depending on the detection methodology used. A HAPU 
is a preventable adverse event. While not all stages of HAPUs are 
direct causes of death, a deep HAPU is a strong risk factor for death 
(Brown, 2003; Khor et al., 2014). Thus, it is imperative to prevent the 
occurrence of HAPUs through various strategies.

Risk factors for HAPUs can be divided into patient factors and 
hospital factors. The most influential patient factor is restricted mo-
bility (de Azevedo Macena et al., 2017; Li et al., 2019; Primiano et 
al., 2011). Increasing age, multiple comorbidities and poor nutritional 
status are other risk factors of HAPUs (Alhaug, Gay, Henriksen, 
& Lerdal, 2017; Cox & Rasmussen, 2014; Roberts, Chaboyer, & 
Desbrow, 2015). Hospital factors include health care types and 
nursing staff. Of different types of health care, nursing homes have 
higher incidents of PU, suggesting that patients admitted to nurs-
ing homes are more vulnerable to PUs (Bates-Jensen, McCreath, & 
Pongquan, 2009; Cai, Mukamel, & Temkin-Greener, 2010). However, 
structural issues such as staffing and facilities can also affect the risk 
of PU development. A number of studies have shown a direct rela-
tionship between nurse staffing and patient outcomes such as PUs, 
falls, infections and other safety indicators (Bae, Kelly, Brewer, & 
Spencer, 2014; Cho, Chin, Kim, & Hong, 2016; Kim & Bae, 2018; Kim, 
Kim, Park, & Lee, 2019; Schneider & Geraedts, 2016). The higher 
the level of nurse staffing, the lower the risk for PU development 
(Cho, Lee, June, Hong, & Kim, 2016; Choi & Staggs, 2014; Stalpers, 
de Brouwer, Kaljouw, & Schuurmans, 2015).

Even if nurse staffing has a direct influence on patient safety, 
hospitals in Korea cannot secure adequate numbers of nurses for 
inpatient care (OECD, 2018). Each Korean nurse cares for more 
patients than each nurse in some advanced countries (Aiken et al., 
2012; Cho, Lee, et al., 2016). Hence, inpatients who are elderly or re-
stricted in mobility would need a personal caregiver such as a family 
member or a paid informal caregiver during their hospital stay and 
treatment. However, economic burden involving the hiring of private 
caregivers and the low quality of care requires a resolution at a gov-
ernment level. To address this issue, the Korean government revised 
the nurse staffing policy in 2013 and designated an integrated nurs-
ing unit among existing nursing units. An integrated nursing unit, 
also known as the new inpatient care system in Korea, is established 
to provide all services by nursing staffs whose number is more than 
twice compared to that in a general nursing unit. Patients who do 
not have caregiver could be admitted to this nursing unit, irrespec-
tive of their medical department. The staffing standards in this unit 
differ according to hospital types and characteristics. The number 
of nursing staffs ranges from 5 to 12 patients cared for by a single 
registered nurse (RN) and from 25 to 40 patients cared for by a single 
nursing assistant (NA; Kim, Kim, Park, Jeong, & Lee, 2017).

It is difficult to completely heal HAPUs that occur during 
hospitalization in a short period of time. Even if HAPUs are com-
pletely healed, the recurrence of PU is high (Kuwahara et al., 2005). 
Therefore, risk factors affecting the development and recurrence 
of HAPUs during hospitalization must be evaluated. Known risk 
factors for HAPU development include immobility and impaired 

skin integrity (Clements, Moore, Tribble, & Blake, 2014; Coleman 
et al., 2013; Garcia-Mayor et al., 2018; Li et al., 2019; Primiano 
et al., 2011). Several assessment tools such as the Braden Scale 
and the Waterlow scale have been developed to predict the risk 
of HAPUs (Pancorbo-Hidalgo, Garcia-Fernandez, Lopez-Medina, 
& Alvarez-Nieto, 2006). However, such risk assessment tools for 
HAPUs are limited to patient factors. In case of hospital factors, 
high nurse staffing has been reported to be a significant factor for 
the development of HAPUs (Schneider & Geraedts, 2016; Stalpers 
et al., 2015). However, previous studies did not include various 
patient factors. Hence, factors affecting HAPU development have 
not been analysed fully. Especially, no study has included both 
patient and hospital factors in the same model. To clearly predict 
and prevent HAPUs, it is necessary to consider not only patient 
factors, but also hospital factors. Therefore, the objective of this 
study was to investigate patient and nurse staffing factors related 
to HAPU development, focusing on the effectiveness of nurse 
staffing policy.

2  | METHODS

This was a retrospective cohort study. This study included patients 
who were admitted to integrated nursing units in Korea from April 
2017 to June 2017 to identify the incidence and factors contribut-
ing to HAPU development. As these data were extracted from the 
National Health Insurance (NHI) in Korea, this research was certified 
as exempted by the IRB (No. E1710/002-003).

2.1 | Sample and data sources

We initially included all patients who were hospitalized and dis-
charged from an integrated nursing unit for 3 months. Next, we in-
vestigated HAPU incidence and factors related to the newly acquired 
PUs, excluding patients who already had PUs on their first day of 
hospitalization. A total of 53,923 patients admitted to 175 hospitals 
were included in this study. We reviewed the hospitals and patients' 
data included in the NHI database. Hospital data consist of the type 
of hospital (tertiary or general) and nurse staffing in a nursing unit. 
Patient's data consist of gender, age, main disease, level of nursing 
needs and activities of daily living (ADL). We merged the hospital 
and patients' data collected daily during patients' hospitalization.

2.2 | Variables

Hospital-acquired pressure ulcer incidence was calculated as the 
number of PUs per 1,000 patient-days. PUs were determined and 
categorized by nurses according to the guidelines stipulated by 
the National Pressure Ulcer Advisory Panel (National Pressure 
Ulcer Advisory Panel, 2014). Accordingly, PUs were divided into 
four types, ranging from the most superficial PU (stage 1) to the 
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deepest PU (stage 4; National Pressure Ulcer Advisory Panel, 
2014).

Hospital data used in this study include the hospital type and 
nursing staff including RNs and NAs. Tertiary and general hospitals 
differ according to organisation and patient. Therefore, the nurse 
staffing standards also vary according to the type of hospital. The 
RN-to-patient ratio ranged from 1:5 to 1:7 in a tertiary hospital and 
from 1:7 to 1:12 in a general hospital. The NA-to-patient ratio var-
ied from 1:30 to 1:40 in a tertiary hospital and from 1:25 to 1:40 
in a general hospital. The nurse-to-patient ratio was converted into 
hours per patient-day (HPPD), dividing the total number of working 
hours in a day by the number of nurses in charge.

We extracted the patients' age, gender and the purpose of hos-
pital visit, that is, the need for surgery or surgical procedures and 
the main diagnosis. Moreover, we used health status data such as 
the level of nursing needs and assistance for activities of daily liv-
ing (ADL). These data were collected daily during hospitalization. 
The level of nursing needs was evaluated using 10 indicators and 
assessed according to the criteria. The score is high if patients meet 
several criteria. Among the indicators monitored, four indicators 
were based on performance frequency. These four indicators were: 
vital signs (7 times/day), intake and output (4 times/day), medica-
tion via intravenous route (IV; 6 times/day) and medication via other 
routes (subcutaneous, intramuscular or intradermal but not oral 
medication, 6 times/day). The other six indicators were assessed 
depending on whether or not the nurse provided services such as 
suction, monitoring, oxygen saturation analysis, drainage care, ap-
plication of restraints and professional care such as transfusion, ino-
tropic or anti-cancer therapy. The ADL was assessed by the degree 
of functional ability required to move in bed (positioning), ambulate, 
use toilet facilities and eat. The score in each area ranged from 0 to 2, 
indicating three levels: independence (requires no assistance), par-
tial dependence (some assistance is needed) and total dependence 
(complete assistance is needed).

2.3 | Analysis

We conducted descriptive statistical analysis to report characteris-
tics of hospitals and patients. The HAPU incidence was calculated 
as HAPUs per 1,000 patient-days. HAPU stages were reported as 
frequencies and percentages. Nurse staffing was reported as means 
and SD of HPPD. It was calculated according to nurse staff-to-pa-
tient ratio.

Survival analysis was conducted to estimate the cumulative 
probability of HAPUs and investigate risk factors related to HAPU 
development. In survival analysis, HAPU development represented 
the occurrence of the event. The duration of hospitalization was 
indicated by the timing of the event. First, the Kaplan–Meier haz-
ard curve was used to show differences in the probability of HAPU 
according to hospital type. Next, we conducted log-rank tests to 
analyse the difference between two curves. The Cox proportional 
hazards regression was used to correlate the probability of HAPUs 

with covariates. Stata/SE version 14 was used for all statistical anal-
yses. Before analysis, we computed and plotted the logarithm of 
the cumulative baseline hazards for predictors to assess the pro-
portional hazard assumptions. In the case of hospital type (tertiary 
and general hospitals), the resulting curves were not parallel. The 
proportional hazard assumptions of other predictors were not vio-
lated (Mehrotra, Su, & Li, 2012). We also conducted stratified Cox 
proportional hazards regression analysis which treated hospital 
types as strata (Mehrotra et al., 2012; Oakes & Feng, 2010) to in-
crease the accuracy of estimation and determine the effect of co-
efficient of patient factors and nurse staffing on HAPU. Univariate 
regression analysis with independent variables was conducted prior 
to multiple analysis. Variables with p < .15 in the univariate analysis 
were selected for the multivariate model. Results of the stratified 
Cox regression analysis are reported as hazard ratios and with 95% 
confidence intervals.

3  | RESULTS

3.1 | Patients' characteristics

A total of 53,923 patients admitted to tertiary and general hospitals 
in Korea were included in this study. Their characteristics are sum-
marized in Table 1. The proportion of women was higher than that 
of men in general hospitals, while the proportion of men was higher 
in tertiary hospitals. The mean age of patients was 61.49 years. The 
age of patients in tertiary hospitals was higher than those admit-
ted to general hospitals. Approximately 50% of patients in tertiary 
hospitals were admitted for treatment of neoplasms. Most (90.5%) 
patients were admitted because of a surgical procedure. The mean 
score of nursing needs of patients admitted to tertiary hospitals was 
0.824, which was higher than that of patients in general hospitals 
(0.528). Among the 10 categories of nursing needs, professional care 
accounted for 27.1% was the highest in tertiary hospitals, followed 
by vital sign monitoring, IV medication, input and output assess-
ments. For patients admitted to general hospitals, vital sign monitor-
ing was the most frequently provided nursing care service, followed 
by IV medication and professional care. Dependence on assistance 
for ADL was also high in patients at tertiary hospitals. A higher num-
ber of patients showed partial dependence in four areas: ambula-
tion (43.7%), eating (36.7%), toilet use (26.4%) and positioning in bed 
(24.3%). Patients were hospitalized for 7.58 days on average. The 
length of stay was shorter in tertiary hospitals (7.00 days) than in 
general hospitals (7.71 days).

3.2 | HPPD by RN and NA, and pressure 
ulcer incidence

Hours per patient-day data by RNs and NAs from 175 hospitals are 
shown in Table 2. The mean RN-HPPD was 2.86 hr, which was higher 
in tertiary hospitals (4.09 hr) than in general hospitals (2.59 hr). In 
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contrast to RN-HPPD, the mean NA-HPPD was 0.78 hr. This was 
higher in general hospitals. The HAPU incidence in this study 
was 0.98 cases per 1,000 patient-days. Tertiary hospitals showed 

higher incidence (1.05/1,000 patient-days) than general hospitals 
(0.97/1,000 patient-days). Stage 1 HAPUs and stage 2 HAPUs ac-
counted for 35.2% and 64.8% of all PU cases, respectively. The 

 Total (n = 53,923)
Tertiary hospital 
(n = 10,370)

General hospital 
(n = 43,553)

Gender

Women 29,406 (54.5) 4,583 (44.2) 24,823 (57.0)

Men 24,517 (45.5) 5,787 (55.8) 18,730 (43.0)

Age, mean ± SD 61.49 ± 19.96 62.31 ± 16.73 61.29 ± 20.65

Disease

Neoplasm 10,074 (18.7) 5,202 (50.2) 4,872 (11.2)

Injury 7,934 (14.7) 475 (4.6) 7,459 (17.1)

Musculoskeletal 6,299 (11.7) 474 (4.6) 5,825 (13.4)

Digestive 6,283 (11.7) 1,269 (12.2) 5,014 (11.5)

Respiratory 4,722 (8.8) 693 (6.7) 4,029 (9.3)

Others 18,611 (34.5) 2,257 (21.8) 16,354 (37.5)

Surgery/procedure

Yes 48,779 (90.5) 9,962 (96.1) 38,817 (89.1)

No 5,141 (9.5) 407 (3.9) 4,734 (10.9)

Nursing needs, mean ± SD 0.585 ± 1.020 0.824 ± 1.190 0.528 ± 0.967

Vital sign check 6,860 (15.8) 1,860 (17.9) 5,000 (9.3)

I&O check 2,662 (6.1) 1,052 (10.1) 1,610 (3.0)

Monitoring 2,550 (5.9) 443 (4.3) 2,107 (3.9)

SpO2 monitoring 2,523 (5.8) 465 (4.5) 2,058 (3.8)

Suction 279 (0.6) 54 (0.5) 225 (0.4)

IV medication 5,803 (13.3) 1,305 (12.6) 4,498 (8.3)

Other medication 1,104 (2.5) 69 (0.7) 1,035 (1.9)

Drainage care 1,793 (4.1) 397 (3.8) 1,396 (2.6)

Restraint apply 684 (1.6) 91 (0.9) 593 (1.1)

Professional care 7,300 (16.8) 2,809 (27.1) 4,491 (8.3)

ADL dependence, mean ± SD 1.67 ± 2.25 1.84 ± 2.32 1.63 ± 2.23

Position

Partial 9,209 (17.1) 2,436 (23.5) 6,773 (15.6)

Total 3,880 (7.2) 795 (7.7) 3,085 (7.1)

Ambulating

Partial 17,324 (32.1) 3,652 (35.2) 13,672 (31.4)

Total 6,253 (11.6) 1,129 (10.9) 5,124 (11.8)

Eating

Partial 16,434 (30.5) 3,168 (30.5) 13,266 (30.5)

Total 3,326 (6.2) 739 (7.1) 2,587 (5.9)

Toilet use

Partial 8,144 (15.1) 2,215 (21.4) 5,929 (13.6)

Total 6,113 (11.3) 1,128 (10.9) 4,985 (11.4)

Length of stay, mean ± SD 7.58 ± 6.38 7.00 ± 5.82 7.71 ± 6.49

Note: Partial dependent patients need some assistance, and total dependent patients need 
complete assistance.
Abbreviations: ADL, activities of daily living; I&O, input and output; IV, intravenous; SD, standard 
deviation; SpO2, saturation of oxygen.

TA B L E  1   Characteristics of inpatients 
at tertiary and general hospitals
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proportion of stage 2 HAPUs was higher in tertiary hospitals (73.7%) 
than in general hospitals (62.8%).

3.3 | Cumulative probability of pressure ulcer and 
its influencing factors

The cumulative probability of a PU during a hospital stay is pre-
sented in Figure 1. When patients were hospitalized longer, they 
were more likely to have new PU development. According to hospital 
type, there was no significant difference in cumulative probability 
(χ2 = 0.51, p = .475).

Results of Cox proportional hazards regression survival analy-
ses are shown in Table 3. Based on univariate analysis, a PU is more 
likely to develop in male and elderly patients. Moreover, there was 
a high probability of PU development after patient fell (HR = 19.55, 
p < .001). Most variables of nursing needs and ADL dependence 
were significantly associated with HAPU development. Professional 

care alone was not significantly associated with HAPU development. 
In staffing, only RN-HPPD was significantly associated with HAPU 
in univariate analysis.

Multivariate analysis also showed that new HAPUs are more likely 
to develop in male and elderly patients. Patients sustaining falls are 
18.94 times more likely to develop HAPUs compared with patients 
without falls. In cases requiring several types of nursing care, most of 
them were not associated with HAPUs in multivariate analysis. Only 
oxygen saturation (SpO2) monitoring was a significant factor in PU 
development. Hence, patients with low oxygen levels are 1.98 times 
more likely to develop HAPUs (p < .001). Among different ADLs, de-
pendence on bed positioning and toilet use was significantly associated 
with HAPUs. According to the level of dependence, fully dependent 
patients are more likely to develop PUs than partially dependent pa-
tients. The risk for HAPU development was 5.84-fold higher for pa-
tients fully dependent on assistance for bed positioning compared to 
patients without such need. In multivariate analysis, HPPD by RNs and 
NAs was a significant factor in developing HAPUs. HAPUs are less 
likely to develop during higher levels of RN-HPPD (HR = 0.20, p < .001) 
and NA-HPPD care (HR = 0.12, p < .001).

4  | DISCUSSION

This study investigated the patient characteristics and nursing 
needs associated with HAPU development. The HAPU incidence 
was 0.98 per 1,000 patient-days, which was lower than the re-
sults of previous studies (Bauer et al., 2016; Fu Shaw et al., 2014; 
Schneider & Geraedts, 2016). The HAPU incidence, which might 
be under-reported, varies with the detection methodology used. 
Regardless of the used criteria, the incidence of HAPUs was ex-
tremely low which can be attributed to the focus on the outcome 
of integrated nursing units, where nurses monitor patients' skin 
and document the stage of HAPUs daily. Moreover, nurses are 
required to regularly reposition patients with impaired mobility. 
Periodic skin assessment and repositioning are components of an 
effective PU prevention strategy for HAPU (Chaboyer et al., 2016; 

 Total (n = 175)
Tertiary hospital 
(n = 38)

General hospital 
(n = 137)

RN-HPPD, mean ± SD 2.86 ± 0.74 4.09 ± 0.35 2.59 ± 0.31

NA-HPPD, mean ± SD 0.78 ± 0.11 0.75 ± 0.09 0.79 ± 0.10

Pressure ulcer per 
1,000 days, mean ± SD

0.98 ± 1.55 1.05 ± 1.72 0.97 ± 1.50

Case of pressure ulcer, n 
(%)

401 (100.0) 76 (100.0) 325 (100.0)

Stage 1 141 (35.2) 20 (26.3) 121 (37.2)

Stage 2 260 (64.8) 56 (73.7) 204 (62.8)

Note: Stage 1 pressure ulcers only affect the upper layer of skin. Stage 2 pressure ulcers go deeper 
below the surface of the skin.
Abbreviations: HPPD, hours per patient-days; NA, nursing assistant; RN, registered nurse; SD, 
standard deviation.

TA B L E  2   Hours per patient-days and 
pressure ulcer incidence

F I G U R E  1   Cumulative probability of pressure ulcer. Note: Log-
rank test for equality of survivor functions χ2 = 0.51 (p = .475)
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Tayyib, Coyer, & Lewis, 2016). Partial application of the prevention 
strategy might have contributed to the low incidence of HAPUs in 
this study. Since most patients in integrated nursing units are hos-
pitalized for a short time, the average length of stay in our study 
was short (7.58 days). Such short period of hospitalization was as-
sociated with a low HAPU incidence. Since not all hospital units 
are integrated nursing units, the HAPU incidence in this study can-
not be applied to the whole of South Korea.

Regarding the initial stage of HAPU, 64.8% were at stage 2 and 
the remainder were at stage 1. The proportion of stage 2 HAPUs 
was higher in tertiary hospitals than in general hospitals (62.8%). 
No deep ulcer such as stage 3 or stage 4 was detected. Previous 

studies have reported that the proportion of stage 1 is higher than 
stage 2 or higher (Alhaug et al., 2017; Chaboyer et al., 2016; Gray 
& Giuliano, 2018). In the present study, the proportion of stage 
2 was relatively high even in the absence of deep ulcers. Further 
studies are needed because of several factors such as accuracy of 
assessment, and late detection might have resulted in a high pro-
portion of stage 2 HAPUs.

Since patients admitted to tertiary hospitals had high nursing 
needs and ADL dependence, the cumulative probability of HAPUs 
in tertiary hospitals was not significantly different from the gen-
eral hospitals. Despite the risk of PUs, similar findings in tertiary 
and general hospitals analysed in this study might be attributed to 

TA B L E  3   Cox proportional hazards regression analysis of development of pressure ulcers

 

Univariate Multivariate

Hazard ratio 95% CI p-Value Hazard ratio 95% CI p-Value

Gender (ref: female) 1.36 1.12–1.65 .002 1.54 1.26–1.88 <.001

Age 1.01 1.00–1.01 <.001 1.00 1.00–1.01 .017

Surgery/procedure 0.95 0.67–1.36 .787    

Fall 19.55 10.08–37.93 <.001 18.94 9.69–37.02 <.001

Nursing needs

Vital sign check 2.45 1.95–3.07 <.001 0.99 0.77–1.27 .949

I&O check 2.57 1.92–3.43 <.001 1.29 0.96–1.75 .091

Monitoring 2.37 1.71–3.28 <.001 0.84 0.59–1.21 .351

SpO2 monitoring 4.82 3.82–6.06 <.001 1.98 1.53–2.57 <.001

Suction 4.80 3.01–7.64 <.001 0.92 0.57–1.51 .751

IV medication 2.12 1.67–2.68 <.001 1.21 0.94–1.55 .134

Other medication 2.00 1.36–2.95 <.001 1.37 0.92–2.03 .122

Drainage care 3.66 2.83–4.74 <.001 1.22 0.93–1.61 .158

Use of restraints 4.80 3.47–6.65 <.001 0.94 0.66–1.33 .722

Professional care 1.18 0.92–1.51 .193    

ADL dependence (ref: independence)

Position

Partial 5.55 4.19–7.35 <.001 3.37 2.27–5.01 <.001

Total 16.16 12.40–21.04 <.001 5.84 3.63–9.40 <.001

Ambulating

Partial 2.18 1.59–2.99 <.001 0.66 0.44–1.00 .049

Total 11.00 8.26–14.64 <.001 0.68 0.42–1.09 .110

Eating

Partial 3.24 2.48–4.22 <.001 1.32 0.96–1.82 .085

Total 11.67 8.90–15.30 <.001 1.25 0.85–1.84 .265

Toilet use

Partial 3.51 2.55–4.82 <.001 1.73 1.13–2.65 .012

Total 12.92 10.00–16.70 <.001 3.25 2.05–5.14 <.001

Staffing

RN-HPPD 0.47 0.34–0.67 <.001 0.20 0.13–0.30 <.001

NA-HPPD 0.45 0.19–1.08 .073 0.12 0.04–0.34 <.001

Note: Partial dependent patients need some assistance. Total dependent patients need complete assistance.
Abbreviations: ADL, activities of daily living; CI, confidence interval; HPPD, hours per patient-day; NA, nursing assistant; RN, registered nurse.
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differences in nurse staffing. The average standard of nurse staff-
ing was 1:6 in a tertiary hospital while 1:10 in a general hospital 
(Kim et al., 2017). The gap between these two hospital types was 
quite different, suggesting that the RN-HPPD in tertiary hospitals 
(4.0 hr) was 1.6 hr more than in general hospitals (2.4 hr). Despite 
the poor condition of patients and the severity of their nursing needs 
and assistance with ADL in tertiary hospitals, the risk of HAPU de-
velopment was low because of adequate nursing staff. Therefore, 
appropriate and adequate levels of nursing staff are critical for the 
prevention of HAPU.

The effectiveness of nurse staffing on HAPU development 
was also analysed via Cox regression. In multivariate Cox regres-
sion analysis, HPPDs provided by RNs and NAs were significant 
factors influencing the development of HAPUs. The increase in 
the RN-HPPD or NA-HPPD hours lowered the likelihood of HAPU 
development. Several studies have reported the association be-
tween high levels of nursing staff and better outcomes (Schneider 
& Geraedts, 2016; Stalpers et al., 2015) not only in preventing 
HAPUs and patient falls (Cho, Lee, et al., 2016; Kim & Bae, 2018), 
but also in reducing mortality rates (Kim & Bae, 2018). The high 
incidence of HAPUs in patients has been associated with low 
levels of nurse staffing (Schneider & Geraedts, 2016; Stalpers et 
al., 2015). In the present study, an extra hour of nursing service 
provided by RN reduced the risk for HAPU development by 80% 
(HR = 0.20, 95% CI: 0.13–0.30). Hence, adequate nurse staffing 
might contribute to the reduction of HAPU incidence in hospitals, 
despite the patient-related risk factors. Besides RNs, levels of NA 
staffing also affected the risk of HAPU development. Since sup-
portive care such as patient repositioning is a significant factor 
in the prevention of HAPUs (Chaboyer et al., 2016; Joyce, Moore, 
& Christie, 2018), NA staffing issues might be associated with 
HAPU development in this study, similar to the results of previous 
studies. Total staffing as well as the RN skill mix can affect HAPU 
development (Choi & Staggs, 2014; Schneider & Geraedts, 2016). 
These findings suggest that all nursing staff personnel can con-
tribute to the prevention of HAPUs: RNs can evaluate patients' 
skin and other risk factors, while NAs provide ADL support. It is 
crucial to protect patients' safety. Thus, hospital managers should 
identify risk factors in patients and ensure appropriate RN staff-
ing levels. The entire nursing workforce is needed to reduce these 
risks.

Among individual factors, gender, age and previous falls were 
significant risk factors for HAPU development. The risk of HAPU 
development was higher in men and the elderly, consistent with re-
sults of previous studies (Bauer et al., 2016; Primiano et al., 2011). 
Patients who experienced falls during hospitalization had an ex-
tremely high risk of subsequent HAPU development (HR = 18.94, 
p < .001). It might be attributed to the change in mobility after a fall. 
If a patient fell, the risk for HAPUs is significantly increased because 
the patient is usually restricted from moving due to fall-related in-
juries (Doran et al., 2014). The patient's mobility is more likely to 
be fully restricted in the case of a fall-related injury. The risk of 
HAPUs after falls is the most influencing patient factor in this study; 

adequate nursing staff is needed to provide preventative care to 
such patients.

Among nursing needs, only oxygen saturation monitoring was 
significantly associated with HAPUs. Patients who are measured for 
oxygen saturation have the potential for low oxygen levels. There is 
a lack of research for investigating the direct relationship between 
oxygen levels and HAPUs. However, low oxygen level might be re-
lated to peripheral perfusion and tissue oxygenation, and it may lead 
to the breakdown of skin integrity (Clements et al., 2014; Garcia-
Mayor et al., 2018). Low oxygen levels are not included among the 
assessment scales such as the Braden scale or the Waterlow scale 
(Pancorbo-Hidalgo et al., 2006). However, since low oxygen level is 
likely to affect skin integrity, further studies investigating the rela-
tionship between oxygen level and HAPUs are needed.

Mobility impairment is a significant factor in HAPU development 
(Coleman et al., 2013; Li et al., 2019; Primiano et al., 2011). Patients 
who need repositioning in bed and toilet use have high risks for 
HAPU development. Patients with full dependence on positioning 
were at a 5.84-fold higher risk of developing HAPUs than patients 
without any restrictions. Mobility was included as a factor in all as-
sessment tools because previous studies showed its role as a risk 
factor for HAPU hence requiring nurses' attention. Patients with de-
pendence on toilet use were at high risk for HAPUs as well. Since it is 
difficult for these patients to walk to the toilet and clean themselves, 
skin integrity around the buttocks might be disrupted due to incon-
tinence and poor hygiene (Garcia-Mayor et al., 2018). Excessively 
moist skin compromises tissue strength and increases the risk of skin 
damage under pressure and shear forces (Bates-Jensen et al., 2009; 
Coleman et al., 2013). In addition to restricted mobility contributing 
to dependence of toilet use, patients might have two coexisting ADL 
problems. Patients with limited position in bed and toilet use were 
more likely to develop HAPUs compared to patients who had a single 
limitation. It is difficult to resolve these limitations in a short span 
of time. Thus, active preventive strategies are needed for patients 
with compound risk factors for HAPUs. Adequate nursing staff per-
sonnel are needed to assess risk factors and implement prevention 
strategies.

The study has few limitations. First, results were analysed only in 
the case of integrated nursing units because we could not use data 
from other nursing units. Therefore, the incidence of HAPU cannot 
be generalized to the entire Korea. Second, this study did not verify 
whether all hospitals adopted similar reporting criteria for HAPU. It 
did not include all factors related to HAPU because only secondary 
data were analysed.

5  | CONCLUSION

This study analysed patient factors and nursing staff-related is-
sues influencing the development of HAPU. Gender, age, previous 
falls, low oxygen levels and dependence of position in bed and toi-
let use were significant patient factors influencing HAPUs. To pre-
vent HAPUs, risk factors should be analysed first so that prevention 
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strategies could be implemented accordingly. In addition, adequate 
and appropriate nurse staffing could contribute to the prevention 
of HAPUs.

6  | IMPLIC ATIONS TO NURSING 
MANAGEMENT

This study showed that several individual risk factors and factors 
related to nurse staffing were associated with HAPUs. Appropriate 
inpatient care via preventative nursing services tailored to individual 
patients' risk factors can reduce the incidence of HAPUs. As most 
risk factors are not easy to modify in a short time, preventive strate-
gies in clinical practice should be developed and applied according to 
risk factors identified in this study. Moreover, nurse staffing should 
be equipped adequately. Given the current state of nursing short-
age worldwide, further studies are needed to maintain meaningful 
levels of RNs and NAs at hospitals with similar patient severity and 
characteristics.
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