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ARTICLE INFO ABSTRACT

Article history: Background: Hospital-acquired pressure injuries remain a significant patient safety threat. Current well-known
Received 25 April 2023 pressure injury risk assessment tools have many limitations and therefore do not accurately predict the risk of pres-
Received in revised form 30 October 2023 sure injury development over diverse populations. A contemporary understanding of the risk factors predicting

Accepted 2 November 2023 pressure injury in adult hospitalised patients will inform pressure injury prevention and future researchers consid-

ering risk assessment tool development may benefit from our summary and synthesis of risk factors.

gf/mg’;; Objective: To summarise and synthesise systematic reviews that identify risk factors for hospital-acquired pressure
Umbrella review injury development in adult patients.
Predictors Design: An overview of systematic reviews.
Risk factors Methods: Cochrane and the Joanna Briggs Institute methodologies guided this overview. The Cochrane library,
Hospital-acquired CINAHL, MEDLINE, and Embase databases were searched for relevant articles published in English from January
Pressure injury 2008 to September 2022. Two researchers independently screened articles against the predefined inclusion and
Pressure ulcer exclusion criteria, extracted data and assessed the quality of the included reviews using “a measurement tool to
Risk assessment tool assess systematic reviews” (AMSTAR version 2). Data were categorised using an inductive approach and synthe-
sised according to the recent pressure injury conceptual frameworks.
Results: From 11 eligible reviews, 37 risk factors were categorised inductively into 14 groups of risk factors. From these,
six groups were classified into two domains: four to mechanical boundary conditions and two to susceptibility and tol-
erance of the individual. The remaining eight groups were evident across both domains. Four main risk factors, includ-
ing diabetes, length of surgery or intensive care unit stay, vasopressor use, and low haemoglobin level were synthesised.
The overall quality of the included reviews was low in five studies (45 %) and critically low in six studies (55 %).
Conclusions: Our findings highlighted the limitations in the methodological quality of the included reviews that may
have influenced our results regarding risk factors. Current risk assessment tools and conceptual frameworks do not
fully explain the complex and changing interactions amongst risk factors. This may warrant the need for more high-
quality research, such as cohort studies, focussing on predicting hospital-acquired pressure injury in adult patients, to
reconsider these risk factors we synthesised.
Registration: This overview was registered with the PROSPERO (CRD42022362218) on 27 September 2022.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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factors consistently identified as contributing to hospital-acquired
pressure injury development.

* Our findings highlighted the limitations of the included reviews' qual-
ity, as assessed by various quality assessment tools.

* This overview identified the need for more high-quality research,
such as cohort studies, focussing on predicting hospital-acquired pres-
sure injuries for adult patients, to reconsider these risk factors we
synthesised.

1. Introduction

Hospital-acquired pressure injuries are one of the most frequently oc-
curring and potentially preventable adverse events (Slawomirski et al.,
2017). A pressure injury refers to damaged skin and/or underlying tissue
caused by either pressure or shear and/or a combination of these
(European Pressure Ulcer Advisory Panel et al., 2019). The global inci-
dence of hospital-acquired pressure injuries is meta-analysed as approx-
imately 5.4 per 10,000 hospital patients per day (Li et al., 2020). Whilst
the global prevalence of pressure injuries is around 12 % (Li et al., 2020;
Rodgers et al., 2021) amongst adult hospitalised patients, the prevalence
of hospital-acquired pressure injuries ranges approximately from 7 % to 9
% (Li et al., 2020; Rodgers et al., 2021).

Despite extensive efforts in developing and implementing quality
health service standards, policy directives, and international pressure in-
jury guidelines, the impact of pressure injuries on patients remains
(Burston et al.,, 2023; Vanaki et al,, 2023). This threat includes psycholog-
ical distress, pain, diminished quality of life, and even death (Gorecki
et al.,, 2009; Kim et al., 2019). Pressure injuries prolong hospital stays
and negatively impact healthcare organisations (Demarre et al., 2015).
The Organisation for Economic Cooperation and Development estimates
that up to 15 % of hospital expenditure is spent on treating safety failures
with pressure injuries being one of the most expensive adverse events
(Slawomirski et al., 2017), costing the health system at least $9-$11 bil-
lion in United States of America and about £1.4-£2.1 billion in United
Kingdom (Padula and Pronovost, 2018). A recent cost of illness review
identified the cost of pressure injuries in Australian public hospitals to
be over $9 billion per year with $5.5 billion for hospital-acquired pres-
sure injuries (Nghiem et al., 2022). Yet, these cost estimates do not con-
sider the toll pressure injuries have on patients and carers.

Pressure injury risk assessment is guided by the contemporary guide-
lines (European Pressure Ulcer Advisory Panel et al., 2019), which rec-
ommend the use of several well-known risk assessment tools as one
approach to identify risk, particularly when they are not used alone clin-
ically. Notable examples of these tools include Braden (Braden and
Bergstrom, 1987), Waterlow (Waterlow, 1985), Norton (Norton et al.,
1962), and Cubbin-Jackson scales (Jackson, 1999). However, there is an
absence of compelling evidence substantiating the efficacy of these as-
sessment tools in reducing the incidence or prevalence of pressure inju-
ries (Moore and Patton, 2019). Numerous recognised limitations of these
tools include their reliance on clinician's subjective judgement-based as-
sessment, targeting relatively finite populations, potentially resulting in
an imprecise evaluation of contemporary risk across diverse populations
(Moore and Patton, 2019; Samuriwo and Dowding, 2014). Furthermore,
the risk factors used in these tools do not necessarily independently pre-
dict the development of pressure injuries (Coleman et al.,, 2013). Addi-
tionally, a myriad of other contextual factors may affect their clinical
utility, including constrained staffing levels (Fletcher, 2017), a lack of
time and staff competence (Nadeem and Healee, 2021; Samuriwo and
Dowding, 2014), underdeveloped nursing skills in critical thinking and
decision-making (Defloor and Grypdonck, 2005; Nadeem and Healee,
2021), the biasing influence of prior knowledge of assessment tools on
clinical judgement (Moore and Patton, 2019) and a lack of tool applica-
bility to a variety of clinical settings (Zhang et al., 2021). Over 30 years
following the development of these risk assessment tools, some reviews
have identified additional predictors such as emotional stress (Braden,
1998; Nijs et al., 2009) and tissue hypoxia (Flynn and Tooke, 1995;

Wang et al., 2016). Coleman et al.'s (2013) systematic review of 54 stud-
ies identified eight risk factor domains including mobility, perfusion, skin
condition, nutrition, age, haematological measures, skin moisture, and
general health. More recently, a systematic review of prognostic factors
identified localised oedema as a predictor of pressure injuries in anatom-
ical locations of sacrum and heel (Chaboyer et al., 2022). However, to
date a synthesis of evidence-based risk factors predicting the develop-
ment of hospital-acquired pressure injuries in adult patients has not
been undertaken.

Current systematic reviews have focussed on various risk factors for
different anatomical locations (Dube et al.,, 2022), populations (Grigorian
et al., 2017; Najmanova et al.,, 2022), settings (Haisley et al., 2020; Lima
Serrano et al., 2017), medical devices (Barakat-Johnson et al., 2019;
Brophy et al,, 2021), procedures (Bulfone et al., 2018), medications
(McEvoy et al., 2022), and specific clinical conditions such as diabetes
(Nasiri et al.,, 2021) and incontinence (Beeckman et al., 2014). Whilst
their findings have contributed to a clinical focus on pressure injury pre-
vention, they are fragmented and do not provide a synthesis of risk factors.

A contemporary understanding of risk factors for developing hospital-
acquired pressure injury in adult patients may facilitate the development
of evidence-based approaches to pressure injury risk assessment, which
in turn inform more targeted and personalised preventive care plans. Cur-
rent assessment tools were either developed using empirically selected
predictors in the absence of advanced statistical methods or based on
pre-defined hypotheses (Shi et al., 2019). New approaches, such as ma-
chine learning, using vast health data without being constrained by
existing knowledge and theory (Scott et al,, 2021), are rapidly emerging
(Hu et al,, 2020; Jiang et al., 2021; Nakagami et al., 2021; Song et al.,
2021), with the potential to develop new knowledge and theory (Scott
et al, 2021).

The aim of this overview of systematic reviews was to summarise
and synthesise hospital-acquired pressure injury risk factors in adult pa-
tients. These findings may help to inform the development of pressure
injury risk prediction models such as those developed using machine
learning techniques.

This overview had one primary and one secondary question. The pri-
mary question was: What risk factors predict hospital-acquired pressure
injuries in adult patients? The secondary question focussed on three
subgroups of patients was: What risk factors predict hospital-acquired
pressure injuries in medical, surgical, and intensive care patients?

2. Methods
2.1. Review design

An overview of systematic reviews, guided by both the Cochrane
Collaboration resources (Pollock et al., 2022), and the Joanna Briggs In-
stitute Manual (Aromataris et al., 2020), was undertaken. Overviews,
also known as umbrella reviews, meta-reviews, or reviews of reviews
(Aromataris et al., 2020; Pollock et al., 2022), aim to address broader re-
search questions with greater scope than those examined in individual
systematic reviews. It uses systematic reviews as the unit of searching,
inclusion, and data analysis (Pollock et al., 2022), to summarise and syn-
thesise evidence on a topic based on explicit and systematic methods to
contribute to better decision making (Hunt et al., 2018; Pollock et al.,
2022). Considering the significant surge in systematic review publica-
tions over recent decades (Hoffmann et al., 2021), an overview that
summarises and synthesises review findings is necessary. As these find-
ings may inform the development of pressure injury assessment tools or
prediction models, especially when overviews are relatively scarce in
the field of risk factors related to pressure injuries.

The research questions were developed using the population, prog-
nostic factors, and outcome approach (Munn et al., 2018). We have de-
liberately chosen this approach, rather than using the population,
exposure, outcome approach, prioritising prediction over causation. In
research questions, the population was hospitalised adults (aged 16
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years and older), ensuring that all risk factors summarised only related
to the period of hospitalisation (Chaboyer et al., 2022). The exposures
investigated were risk factors that predicted the development of
hospital-acquired pressure injuries, including intrinsic factors such as
patient's body mass index, nutritional status, comorbidities, and extrin-
sic factors such as type and length of surgery, and medication adminis-
tration. The outcomes of interest were any stage of hospital-acquired
pressure injury as defined by the International Pressure Injury Guide-
line (European Pressure Ulcer Advisory Panel et al., 2014). The over-
view's protocol was registered in the international prospective
register of systematic reviews (PROSPERO) (registration number:
masked for blinded peer review) on 27 September 2022. The results
of this overview were presented based on the research questions and
objectives, using narrative, graphical and/or tabular summaries. As a
meta-analysis was not possible because of marked study heterogeneity,
the findings were presented in a narrative format.

2.2. Inclusion and exclusion criteria

Inclusion and exclusion criteria for selecting reviews were reported
in Table 1. Systematic reviews with and without meta-analyses pub-
lished in English between January 2008 and September 2022 were in-
cluded. We only included articles published in English due to resource
constraints. We excluded reviews that included cross-sectional studies,
as the temporal order between predictor and outcome cannot be estab-
lished, therefore, they cannot differentiate cause and effect from associ-
ation (Mann, 2003).

Whilst using multivariate analysis for risk factor identification is im-
portant for predictive purposes, our inclusion and exclusion criteria did
not restrict our search scope based on specific statistical methods used
in the included review and their primary studies. This aligns with the
overall aim of this overview to capture a wide range of literature that
identifies risk factors.

To ensure the inclusion of contemporary data and minimise the po-
tential impact of outdated pressure injury prevention guidelines and
practices, we focussed on reviews published from 2008 onwards. This
was because pressure injury prevention practices have markedly prog-
ressed over this period. These changes have informed further iterations
of the international clinical practice guidelines in this area, starting from
2008 (Gillespie et al., 2021).

The terms “risk factors,” “predictors,” and “prognostic factors” are
often used interchangeably in publications and the terms “association”
and “prediction” are also used interchangeably (Varga et al., 2020). As
aresult, the systematic reviews that adopted these terms were included
to reduce the possibility of missing relevant reviews that identified risk
factors. Systematic reviews of studies focussed solely on certain medical
conditions and/or targeted patient populations were excluded as their
findings could not be generalised.

2.3. Search strategies

Four databases were searched, including CINAHL (via EBSCOhost),
MEDLINE (via EBSCOhost), Embase (via Elsevier) and Cochrane library
(via Wilson), and no geographical restrictions were applied. A compre-
hensive search strategy including medical subject headings (MeSH) was

Table 1
Inclusion and exclusion criteria.

Inclusion Exclusion

1. Systematic reviews of prospective or 1. Systematic reviews of primary inter-
retrospective cohort studies focus- vention studies.
sing on risk factors of the develop- 2. Hospitalised patients' subset data that
ment of hospital-acquired pressure could not be extracted from the review
injuries in adult patients. (the analytic results were not reported
2. Published between 2008 and 2022. separately), e.g., hospital and nursing
3. Published in English. home data were combined.

outlined in Supplementary File 1. Searches were undertaken by two re-
searchers independently on 21 September 2022. Backward searching of
the full-text article's reference list and forward searching of the article's
citations after its publication (in Scopus) were also undertaken to find
additional eligible reviews.

24. Screening

Systematic review software Covidence was used to screen eligible
reviews (Veritas Health Innovation, 2023). Titles and abstracts were
screened independently by two researchers according to the inclusion
and exclusion criteria. Full-text copies of potentially eligible systematic
reviews were then screened by two researchers independently and ad-
judicated by a third reviewer as needed.

2.5. Data extraction

Data were extracted independently by two researchers and adjudi-
cated by a third if required. A data extraction form was pilot tested on
two (12.5 %) included systematic reviews, which led to relevant form
modifications. Extracted data comprised authors' names, year of publica-
tion, reviews' analytic methods, number of included primary studies,
population or clinical settings, number of risk factors summarised, sample
size, risk factors identified by review authors, sex and age of participants,
and key findings. Where necessary, review authors were contacted to
identify missing information or inconsistency of reported data.

2.6. Data synthesis and analysis

Individual risk factors were inductively categorised as conceptualised
risk factor groups associated with mechanical boundary conditions, indi-
vidual susceptibility and tolerance, or both, based on the conceptual
framework first proposed in the International Pressure Injury Guidelines
in 2009 (European Pressure Ulcer Advisory Panel et al., 2009) and subse-
quently adapted twice in 2014 and 2019 (Coleman et al., 2014; European
Pressure Ulcer Advisory Panel et al., 2019).

Mechanical boundary conditions refer to the magnitude, duration
and type of mechanical load (i.e. shear, friction and pressure) whilst in-
dividual susceptibility and tolerance includes mechanical properties of
the tissue, morphology of the tissue and bone, tissue transport and ther-
mal properties, as well as physiology and tissue repair (European Pres-
sure Ulcer Advisory Panel et al., 2019). Typical risk factors linked with
mechanical boundary conditions include immobility and medical device
use, whereas poor perfusion and cardiovascular disease are related to
individual susceptibility and tolerance.

2.7. Quality appraisal

Version 2 of “A MeaSurement Tool to Assess Systematic Reviews” was
used to assess the methodological quality of the systematic reviews
(Shea et al., 2017). Originally developed with a focus on evaluating the
quality of systematic reviews of randomised controlled trials, the tool
has been recommended as an appropriate quality appraisal tool for vari-
ous overviews (Pollock et al., 2022) to evaluate aspects, such as study se-
lection, data extraction, and synthesis of results. This tool comprises 16
items to evaluate the overall rating of the systematic reviews, based on
methodological weaknesses in both critical and non-critical domains
with authors identifying seven mandatory critical domains (Shea et al.,
2017), including: registration of the protocol prior to the commencement
(item 2), adequacy of the literature review (item 4), justification for the
exclusion of studies (item 7), risk of bias of included studies (item 9), ap-
propriateness of a meta-analysis (item 11), the impact of risk of bias in in-
dividual studies (item 13) and impact of publication bias (item 15).

To ensure this tool was fit for purpose, some modifications relevant
to items one, eight and nine were made based on previous literature (A.
Pollock et al., 2017). The items of ‘Intervention’ and ‘Comparator group’
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were removed and replaced with ‘Risk factors’ in item one. Similarly in
item eight, the item of ‘described interventions and comparators’ was
replaced with ‘described risk factors’. The item of ‘methods used to as-
certain exposures and outcomes’ in item nine under non-randomised
studies of intervention was placed with ‘risk factors’. All items were
assessed using a scale of ‘yes’, ‘partial yes’, ‘no’, and ‘no meta-analysis
conducted’, for an overall rating of High, Moderate, Low and Critically
low confidence (Shea et al., 2017). One critical domain assessed as ei-
ther ‘partial yes’ or ‘no’ will result in a ‘low’ rating whilst two critical do-
mains resulted in a ‘critical low’ rating. However, an overall rating
should not to be considered alone (Shea et al,, 2017). Instead, the com-
pliance to each item, especially critical items is important (Shea et al.,
2017). ‘Partial yes’ and ‘no’ will be regarded as ‘no’ for the purpose of
calculating the percentage of compliance rates. A compliance rate
above 50 percentage on a scale from zero to 100 for each quality

s N

Reviews identified through
database searching (n=2025)
including:

CINAHL (n = 487)
MEDLINE (n = 766)
Embase (n = 682)
Cochrane (n = 90)

Identification

appraisal item indicates that the included reviews demonstrate reason-
able adherence in that specific item. Two researchers were trained to in-
dependently assess quality of included reviews, with disagreements
discussed until consensus was reached.

3. Results
3.1. Search outcomes

In total, 11 eligible reviews met the inclusion and exclusion criteria
(Fig. 1). After full-text screening, 85 reviews were excluded, with cita-
tions and reasons for exclusion outlined in Supplementary File 2. Re-
search designs other than systematic review were excluded, however,
one scoping review undertook a systematic review process and was
therefore included after full-text screening.

Reviews identified through other
sources (n =7)

Reviews combined
(n=2032)

A

Reviews imported to
Covidence

(n = 2032)

Screening

Title & abstract of reviews

v

Duplicated reviews removed
from Covidence (n = 632)

screened in Covidence
(n = 1400)

v

Full-text reviews assessed
for eligibility
(n =96)

Reviews included
(n=11)

Included

Fig. 1. PRISMA flow diagram.

Irrelevant reviews excluded
(n=1304):

Reviews excluded (n=85):

Different study focus (n=19);
Different settings (n=17);

Different study design (n=11);

Not English (n=7);

Age not reported (n=7);

Mixed population (n=6);
Intervention studies (n=6);

Mixed results of cross-sectional and
cohort studies (n=5);

9. Full text unavailable (n=3);

. Cross-sectional studies (n=1);

11. Laboratory study (not cohort) (n=1);
12. Publication year before 2008 (n=1);
13. Different study outcomes (n=1).

PN WN >

Note. From: “The PRISMA 2020 statement: An updated guideline for reporting systematic reviews”, by M. ]. Page, et al., British Medical Journal 2021, 372, p. n71.
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3.2. Study characteristics

All reviews included in this overview involved a combination of pro-
spective and retrospective cohort studies. Table 2 presented a summary
of included reviews. Of the 11 reviews, five (45 %) reviews (Alderden
et al., 2017; Cox, 2013; Lima Serrano et al., 2017; Rao et al., 2016;
Weber et al., 2021) provided a narrative description of risk factors,
whilst the remaining six (55 %) reviews conducted meta-analyses.
None of the review authors reported using multivariate meta-analysis
methods. Risk factors were identified in intensive care units by six (55
%) reviews (Alderden et al., 2017; Cox, 2013; Fulbrook et al., 2021;
Lima Serrano et al., 2017; McEvoy et al., 2022; Weber et al., 2021), in
mixed hospital settings by one (9 %) review (Rao et al., 2016), whilst
the remaining four (36 %) reviews focussed on perioperative or surgical
settings. The risk factors predicting hospital-acquired pressure injuries
in specific medical and surgical patient cohorts were not reported. Sam-
ple sizes ranged from 1482 to 40,712 patients, however, two reviews
(Haisley et al., 2020; McEvoy et al., 2022) did not report the sample size.

3.3. Summary of risk factors

Common risk factors synthesised in this overview included diabetes
in six (55 %) reviews (with four meta-analyses), length of surgery or in-
tensive care unit stay in six (55 %) (with two meta-analyses), vasopres-
sor use in six (55 %) (with one meta-analysis), and low haemoglobin
level in two (18 %) (with one meta-analysis). The category of hospital-
acquired pressure injury, sex and age of participants was not reported
in most included reviews, contributing to a lack of information. A sum-
mary of these risk factors was presented in Table 3.

Diabetes emerged as a significant risk factor for hospital-acquired
pressure injury in this overview. Two meta-analyses (Haisley et al.,
2020; Liang et al., 2017) reported similar risk ratios (RR = 1.49, 95 %
confidence interval 1.29-1.71; RR = 1.77, 95 % confidence interval
1.45-2.16, respectively). A subgroup analysis of another meta-analysis
(Kang and Zhai, 2015) showed that diabetes increased the risk of pres-
sure injury development in cardiac surgical patients (OR = 2.00, 95 %
confidence interval 1.42-2.82), general surgical patients (OR = 1.75,
95 % confidence interval 1.42-2.15), and major lower limb amputation
patients (OR = 1.65, 95 % confidence interval 1.01-2.68). Notably,
there was no significant difference in pressure injury incidence between
patients with and without diabetes following hip surgery (Kang and
Zhai, 2015), whilst another meta-analysis (Wei et al, 2017)
underscored diabetes increased the risk of pressure injury in hip frac-
ture patients (OR = 1.82, 95 % confidence interval 1.37-2.43).

Length of surgery, as a risk factor, was defined in minutes in one meta-
analysis (Haisley et al., 2020), whilst length of stay in intensive care unit

was measured in days in another meta-analysis (McEvoy et al., 2022),
Both reviews presented mean differences for duration (MD = 69.81
min, 95 % confidence interval 2.36-137.26; MD = 11.46 days, 95 % confi-
dence interval 7.10-15.82, respectively). Whilst one narrative review (Rao
et al., 2016) specified length of hospitalisation exceeding three days as a
risk factor, three other reviews (Haisley et al., 2020; McEvoy et al., 2022;
Weber et al., 2021) generally identified longer duration as a risk factor,
without the precise definition of what constituted ‘longer’ duration.

One meta-analysis (McEvoy et al., 2022) investigated pressure in-
jury risk related to the use of vasopressor drugs in intensive care pa-
tients, according to dose, duration and the specific type of agent
(noradrenaline, vasopressin, dopamine, and adrenaline). Whilst the au-
thors did not report odds or risk ratio, the mean differences were pre-
sented for duration and dose of vasopressor (MD = 65.97 h, 95 %
confidence interval 43.47-88.47; MD = 8.76 pg/min, 95 % confidence
interval 6.06-11.46, respectively). Additionally, five narrative reviews
(Alderden et al., 2017; Cox, 2013; Lima Serrano et al., 2017; Rao et al.,
2016; Weber et al., 2021) also identified vasopressor use as a broad
risk factor for patients in intensive care units.

Other important risk factors identified by one meta-analysis (Haisley
et al., 2020) included low haemoglobin levels (Mean difference =
—7.94 g/1,95 % confidence interval — 13.2 to — 2.76), cardiovascular dis-
ease (Risk ratio = 2.24, 95 % confidence interval 1.56-3.22), and respira-
tory disease (Risk ratio = 3.28, 95 % confidence interval 1.89-5.71).
However, the last two risk factors were not reported by the included
narrative reviews, and versa vice, some risk factors were only identified
in narrative reviews, such as, increasing age reviews (Alderden et al.,
2017; Lima Serrano et al., 2017; Rao et al., 2016; Weber et al., 2021),
medical devices related to mechanical ventilation use in intensive care
unit (Lima Serrano et al.,, 2017; Rao et al., 2016; Weber et al., 2021),
the Braden score (Rao et al., 2016; Weber et al., 2021), dialysis (Lima Ser-
rano et al., 2017; Rao et al., 2016) and vascular (Rao et al., 2016).

3.4. Risk factors by domains

A total of 37 distinct risk factors were synthesised. These risk factors
were then categorised inductively into 14 groups of risk factors as
outlined in Table 4, which were further categorised into three aetiological
domains: mechanical boundary conditions, susceptibility and tolerance
of the individual, and both (European Pressure Ulcer Advisory Panel
etal, 2019).

Within the 14 groups, four (29 %) and two (14 %) groups of risk fac-
tors were related to the mechanical boundary conditions and the sus-
ceptibility and tolerance of the individual domains, respectively.
However, eight (57 %) groups of risk factors were evident in both do-
mains and sex was related to neither (see Table 4).

Table 2
Characteristics of included reviews (n = 11).
First author, Analytic Number of included Population/clinical settings/subgroups Number of risk Number of
year method primary studies factors summarised participants
Alderden et al., 2017 Narrative 18 Intensive care unit 4 7908
Cox, 2013 Narrative 10 Critical care patients 7 5989
Medical/surgical intensive care units, general intensive
care units, a long stay peri-anaesthesia care unit
Fulbrook et al., 2021 Meta-analysis 15 Cardiac intensive care unit 1 8570
Haisley et al., 2020 Meta-analysis 14 Surgical patients undergoing surgery under general 1 NR
anaesthesia (in relation to postoperative pressure
injuries)
Kang and Zhai, 2015 Meta-analysis 13 Perioperative patients 1 14,420
Liang et al., 2017 Meta-analysis 16 Perioperative diabetic patients (in relation to 1 24,112
postoperative pressure injuries)
Lima Serrano et al,, 2017 Narrative 17 Intensive care unit 10 19,363
McEvoy et al., 2022 Meta-analysis 13 Intensive care unit 4 NR
Rao et al., 2016 Narrative 20 Surgical critically ill cardiac patients 30 40,712
Weber et al., 2021 Narrative 6 Intensive care unit 9 1482
Wei et al., 2017 Meta-analysis 8 Perioperative patients with hip fracture 1 22,180

Abbreviation: NR, not reported.
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Table 4
Mapping of risk factors to categories and aetiological domains.

Risk factors identified from Categorised Aetiological domains of

included reviews groups categorised groups
(n=37) (n=14) (n=23)
Braden score Assessment score Both

Anaemia Comorbidities

Cancer

Cardiovascular disease

Diabetes

Dialysis

Respiratory

Severity of illness

Spinal

Vascular

Age Demographics

Body mass index

Type of admission

Hospital length of stay

Length of stay in the intensive
care unit

Length of stay in the operating
room

Longer duration of surgery

Sedative drugs

Steroid

Vasopressor

Enteral feeding

Nutrition

Present of hospital acquired
pressure injury

Incontinence

Risky skin

Skin status

Number of surgeries since
admission

Surgical factor

Medical devices/ventilation

Duration

Medication

Nutrition

Skin status

Surgical factor

Medical devices Mechanical boundary

Mobility Mobility conditions

Force Pressure

Turning/repositioning

Pain Sensory

Creatinine Biomarker Individual susceptibility
Haemoglobin and tolerance

Blood pressure Vital signs

Perfusion

3.4.1. Mechanical boundary conditions domain

This domain categorised four groups of risk factors that affected the
magnitude and duration of mechanical load, including the use of medi-
cal devices (Lima Serrano et al., 2017; Rao et al., 2016; Weber et al.,
2021), immobility (Alderden et al., 2017; Rao et al., 2016), point pres-
sure (Lima Serrano et al., 2017; Rao et al., 2016), and impaired sensory
perception of pain (Rao et al., 2016).

Medical devices used in clinical settings, such as oxygen masks, in-
dwelling urinary catheters and peripheral intravenous catheters, often
have direct contact with patients and can apply sustained pressure on
specific areas of the body leading to pressure injuries. This sustained pres-
sure can be due to shear force, normal force perpendicular to the skin sur-
face, friction, or a combination of these forces. When a patient's mobility
is reduced, as indicated by reduced pain sensitivity, or infrequent reposi-
tioning, sustained pressure can compromise the patient's mechanical
boundary conditions. Over time, this can cause internal strain or stress
that potentially exceeds the individual's damage threshold, resulting in
the development of pressure injuries.

3.4.2. Susceptibility and tolerance domain

This domain categorised two groups of risk factors: abnormal values
of biomarkers (Haisley et al., 2020; Rao et al., 2016) and vital signs
(Alderden et al.,, 2017; Lima Serrano et al., 2017). These risk factors re-
flect an individual's physiology and tissue repair, as well as tissue trans-
port and thermal properties. For example, a low haemoglobin level plays

an important role in the early stage of cell ischemia, especially for pa-
tients with longer expected surgical durations (Haisley et al., 2020).

3.4.3. Across domains

Across two domains, eight groups of risk factors were classified, in-
cluding comorbidities (Haisley et al., 2020; Kang and Zhai, 2015; Liang
et al,, 2017; Lima Serrano et al., 2017; Rao et al., 2016; Weber et al.,
2021; Wei et al.,, 2017), length of hospitalisation, surgical procedures,
stays in intensive care unit and operating rooms (Haisley et al., 2020;
Lima Serrano et al., 2017; McEvoy et al., 2022; Rao et al., 2016; Weber
et al, 2021), use of vasopressors, sedative drugs and steroids
(Alderden et al., 2017; Cox, 2013; Lima Serrano et al., 2017; McEvoy
etal., 2022; Rao et al,, 2016; Weber et al., 2021), skin status such as oe-
dema (Rao et al,, 2016; Weber et al., 2021), nutritional status (Rao et al.,
2016; Weber et al., 2021), number of surgeries since admission
(Fulbrook et al., 2021; Rao et al.,, 2016), demographics of age, body
mass index and type of admission (Alderden et al., 2017; Lima Serrano
et al.,, 2017; Rao et al., 2016; Weber et al., 2021) and pressure injury
risk assessment scores (Rao et al.,, 2016; Weber et al., 2021).

Risk factors categorised across both domains play into complex,
population-specific causal pathways (Coleman et al., 2014; European
Pressure Ulcer Advisory Panel et al., 2019). For example, longer duration
of surgery (Haisley et al., 2020) and pre-existing diabetes (Kang and Zhai,
2015) were significant risk factors for cardiovascular surgical patients in
two meta-analyses. Other meta-analyses found that patients with car-
diac conditions undergoing general anaesthetic (Haisley et al., 2020), or
cardiac surgical patients admitted to intensive care unit (Fulbrook et al.,
2021) were at a higher risk of developing pressure injuries.

3.5. Quality appraisal

Using the Version 2 of “A MeaSurement Tool to Assess Systematic
Reviews” tool, the overall quality of the 11 systematic reviews was
found to be low (45 %) and critically low (55 %) (Table 3 and Supple-
mentary File 3). These findings were attributed to insufficiency in two
critical domains: a lack of a complete list of exclusions with justification
(compliance rate, 0 %), and an incomprehensive search (9 %). However,
over half (56 %) quality appraisal items (Q1, 5, 6, 8,9, 11, 13, 14, 16)
have achieved a compliance rate of over 50 percentage (Supplementary
File 3), including three critical domains of risk of bias (Q9), statistical
methods (Q11) and risk of bias in individual studies (Q13). The review
authors generally reported the quality of the primary studies in their re-
view was reasonable, however, their assessments were based on di-
verse quality assessment tools (Table 3).

4. Discussion

This overview resulted in a list of risk factors, which may not be in-
dependent of each other, given the absence of risk adjustment in
some included reviews and the low quality of the included reviews.
However, the four key risk factors, which are either not included or
under-emphasised in traditional pressure injury risk assessment tools,
comprise diabetes, length of surgery or stay in intensive care unit, vaso-
pressor use, and low haemoglobin level. These findings are consistent
with the theoretical schema (Coleman et al., 2014) and the contempo-
rary guideline (European Pressure Ulcer Advisory Panel et al., 2019).

Diabetes, affecting over 8 % of the global adult population (World
Health Organization, 2016), is associated with increased pressure injury
risk in perioperative settings across three included reviews (Haisley
et al.,, 2020; Liang et al., 2017; Wei et al., 2017). Yet, two included re-
views (Kang and Zhai, 2015; Wei et al,, 2017) reported inconsistent re-
sults, for specific surgeries, such as hip replacements. The reviews did
not provide further information, such as state of diabetes (controlled,
uncontrolled, or remission), duration of a disease, and existing organ
or tissue damage. Additionally, the reviews did not mention whether
other conditions including cardiovascular disease and anaemia had
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been considered as potential confounding factors. This suggests the
need for future researchers to collect and report this information. This
could help explain the inconsistent results and aid future reviewers in
extracting this data if available.

The length of surgery or intensive care unit stay is well-established
pressure injury risk factors (Braden and Bergstrom, 1987). However,
the included reviews did not define ‘longer duration’ or assess its spe-
cific impact on pressure injury risk, especially in contexts with
interacting factors such as the use of vasopressor and mechanical venti-
lation. Furthermore, the dose-response relationship between duration
and other risk factors remains undefined. The interdependencies be-
tween duration, patient-specific factors (skin status, perfusion, and im-
mobility) and unknown variables necessitate further research for clarity
on pressure injury development.

For decades, vasopressors have been widely used in critical care set-
tings. Despite the guideline development of vasopressor therapy (Evans
et al,, 2021; Panchal et al.,, 2019), understanding the pharmacokinetics
and the pharmacodynamics of each agent, which determines the micro-
circulation and tissue viability effects, remains limited. This may explain
why the included reviews were unable to establish clear correlations be-
tween vasopressor agent infusion regimens and hospital-acquired pres-
sure injuries. To address this issue, future research should investigate
individual vasopressor agents rather than grouping them as a single class.

Biomarkers, highly sensitive objective measures, can respond swiftly
to changes in a patient's condition, providing valuable predictive in-
sights for pressure injuries in the early, pre-visible stage (Garcia-
Gutierrez et al., 2020; Wang et al., 2022). The included reviews
(Haisley et al., 2020; Rao et al., 2016) highlighted the importance of pre-
operative or admission haemoglobin level measurements, however,
they did not explore the broad spectrum of other potential biomarkers,
or patients' exposures to specific medications or interventions. Al-
though a recent study (Wang et al., 2022) indicates that combining bio-
markers could improve predictive precision, the overall accuracy and
the most reliable biomarker remain uncertain. Therefore, robust re-
search, such as cohort studies, is urgently needed to thoroughly exam-
ine the predictive capabilities of these biomarkers.

Most risk factors we summarised span both domains, suggesting a
single risk factor can trigger or augment multiple risk factors, leading to
pressure injuries through various concurrent interactions. Direct causal
factors, such as skin status, perfusion, and immobility, are foundational
prerequisites for a pressure injury to occur. In contrast, indirect causal fac-
tors can alter these foundational factors through diverse interactions
(Coleman et al.,, 2014). For example, cardiovascular disease, an indirect
causal factor, can reduce peripheral tissue perfusion, a direct causal factor,
resulting in pressure injuries in immobile patients. Indirect causal factors
can also interact with one another, creating intricate relationships influ-
enced by timing of onset, severity, and duration. Thus, accurately
predicting risk of hospital-acquired pressure injuries at any given time re-
quires identification of multiple risk factors and their interdependencies.

For this reason, current pressure injury risk assessment tools
(Braden and Bergstrom, 1987; Norton et al., 1962; Waterlow, 1985)
are inaccurate, even they can be a user-friendly parsimonious prognos-
tic model, such as Braden Scale. These tools do not incorporate all rele-
vant risk factors and their interactions. In contrast, machine learning, a
type of Artificial Intelligence, uses advanced computer software to ana-
lyse large amounts of patient data. Concerns associated with the use of
health data, such as privacy protection and data security have been pro-
actively addressed (Department of Industry, Science and Resources,
2019). Machine learning establishes data parameters based on exiting
knowledge and theory of pressure injury aetiology, advanced statistical
methodologies, and computational techniques. These parameters are
subsequently incorporated into prediction models or algorithms,
allowing for recognition of patterns and associations on a regular
basis, potentially unveiling previously unknown risk factors for pressure
injuries. These algorithms have already found their utility in various
hospital settings including critical care step-down units (Raju et al.,

2015), intensive care units (Anderson et al., 2021; Deng et al., 2017;
Kaewprag et al., 2017), surgical wards (Chen et al., 2018; Su et al.,
2012), and general hospital settings (Anderson et al., 2021; Do et al.,
2022; Hu et al., 2020; Jiang et al., 2021; Levy et al., 2020; Lustig et al.,
2022; Nakagami et al., 2021; Song et al., 2021; Wu et al., 2022). Thus,
machine learning, holds the potential to develop more accurate pres-
sure injury risk assessment models or algorithms, capable of providing
real-time predictions as clinical circumstances change.

5. Limitations

This overview has several limitations. Firstly, this overview included
only English-language sources due to resource constraints, so there may
be a language bias. This bias could potentially restrict the variety of risk
factors we summarised. Secondly, although the results of the quality of
appraisal highlighted the limitations of the included reviews, the use of
the “A MeaSurement Tool to Assess Systematic Reviews” was designed
and primarily used for assessing intervention studies only (M. Pollock
et al., 2017). Future researchers should consider using the “Risk Of
Bias In Non-randomized Studies of Interventions” tool (Sterne et al.,
2016) for reviews of observational studies. However, the specific rea-
sons for the low-quality ratings and the evaluation of the potential im-
pact of these limitations on the overview's conclusions should be
considered. These ratings were mainly attributed to the review authors'
limited search coverage and inadequate justification of the excluded
studies. This may restrict the review results. Nonetheless, this overview
provided a synthesis of the results from these 11 reviews and the risk
factors we summarised are consistent with current understanding of
aetiological of pressure injuries. Additionally, heterogeneity of the in-
cluded reviews in their study designs also limited our ability to under-
take a quantitative meta-analysis, requiring a narrative approach only.
The inability of the review authors to conduct multivariate analysis
due to data constraints in the primary studies suggests that our findings
may be influenced by other factors, including potential confounding.
Certain risk factors may have been missed due to the diverse inclusion
and exclusion criteria applied in the included reviews. Thus, we recom-
mend caution when interpreting the results.

6. Conclusion

This overview synthesised systematic reviews that identify risk fac-
tors for hospital-acquired pressure injuries in adult patients, uncovering
four important risk factors that have not been emphasised in previous
reviews. Our findings highlighted the limitations in the methodological
quality of the included reviews that may have influenced our results re-
garding risk factors. These findings also emphasised the limitations of
currently available pressure injury risk assessment tools. Additionally,
current conceptual frameworks do not fully explain the complex and
changing interactions amongst risk factors. Whilst more high-quality
research, such as cohort studies is needed to explore dynamic frame-
works and risk assessment tools that are more applicable and fit for pur-
pose, new techniques such as machine learning algorithms, may offer a
means for achieving these aims. The risk factors we synthesised may
suggest some uncertainty, which may warrant a reconsideration of
these risk factors in future research focussed on predicting hospital-
acquired pressure injuries in adult patients.
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