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Abstract
Backgroud: Pressure injuries (PIs) bring a considerable physical and mental burden on immobile patients, and have put families
and government under tremendous pressure to cover the cost of treatment. Therefore, this protocol proposes to identify risk factors
of developing PIs in immobile patients from systematic reviews (SRs) and clinical practice guidelines (CPGs), in order to establish a
risk prediction model for developing PIs and identify individual risk factors that can be modified to aid prevention.

Methods:Electronic databases and specific databases for CPGs and SRs will be searched. Study selection and data collection will
be performed independently by two reviewers. All included SRs and CPGs will be subject to critical appraisal. RevMan 5.3 will be
used to calculate the pooled odds ratio (ORP) after appraising the quality of eligible studies, and the risk predictive model will be
established using logistic regression model. A narrative synthesis, evidence summary table, and Sankey diagram will also be
performed.

Results: The results of this study will be submitted to a peer-reviewed journal for publication.

Conclusion: This systematic review will provide a risk prediction model of PI developing.

INSPLAY registration number: INPLASY2020100097

Abbreviations: AGREE II = Appraisal of Guidelines for Research & Evaluation II, AMSTAR 2 = a measurement tool to assess
systematic reviews 2, CINAHL= cumulative index to nursing and allied health literature, CPGs= clinical practice guidelines, EPUAP=
European Pressure Ulcer Advisory Panel, INSPLAY = International Platform of Registered Systematic Review and Meta-analysis
Protocols, NICE = National Institute for Health and Care Excellence, NPIAP = National Pressure Injuries Advisory Panel, PIs =
pressure injuries, PRISMA-P = Preferred Reporting Items for Systematic Reviews and Meta-Analyses, RNAO = Registered Nurses
Association of Ontario, SIGN = Scottish Intercollegiate Guidelines Network, SR = systematic review.
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1. Introduction

Pressure injuries (PIs) is localized damage to the skin and
underlying soft tissue usually over a bony prominence or related
to the medical device, and it considerably threatens the health of
humans due to high incidence rate and severe complications.[1,2]

The global prevalence of PIs in hospitalized adult patients has
reached at 12.8%, especially in low-income countries, such as
Ethiopia, the prevalence of PIs in a Ethiopia hospital was up to
14.9%.[3,4] Besides, PIs represents a significant medical burden
with €2.5 billion spent annually and €1.71 to €470.49 per patient
on PIs treatments in Europe.[1,5,6] In addition to bear such heavy
medical expenses, patients with PIs may suffer considerable pain
and discomfort associated with wounds, so PIs has been seen as
an outcome of poor-quality nursing care.[7,8]

Particularly, immobile patients seem to be at a higher risk of
developing PIs.[9,10] Meanwhile, stroke, the leading cause of
paralysis, is the third most common cause of death globally and
is shown a growing incidence among young adult patients,
which may increase the number of immobile patients.[11–13] PIs
prevention, considered as themost efficientmethodof dealingwith
PIs problems, is very complex, involving multiple interventions
and processes and comprising numerous interacting components,
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and assessment of risk factors is the primary area of prevention
measures.[14–16] Risk assessment is a central component of clinical
practice aimed at identifying individuals susceptible to PIs in order
to target appropriate interventions and prevent PIs develop-
ment.[2,17] Degrees of mobility, perfusion, and skin status have
been identified as the most common independent risk factors for
the development of PIs.[18] Moreover, factors such as pain,
urinationproblems, nutritional andgeneral health statushavebeen
associated with PIs risk.[17,19] Nevertheless, no single factor can
explain PIs risk, instead, there is a complex interplay of factors that
increase the probability of PIs development.[20] An improved
understanding of the relative contribution risk factors and an
enhanced capacity of identifying immobile patients about to
develop PIs would enable us to reduce the incidence of PIs and
better target resources in practice.[21] However, agreement on the
predictive risk factors is lacking has led to the propagation of
different tools, such as Braden, Norton, and Waterlow scales,
which have all shown low sensitivity and specificity in identifying
at-risk patients.[17,22,23]

Clinical practice guidelines (CPGs), considered as the highest
level evidence, has summarized common risk factors of PIs
development. Meanwhile, many systematic reviews (SRs) on
identifying risk factors of developing PIs have been published
internationally.[24,25] Therefore, the aim of this study is to
identify risk factors for the development of PIs in immobile
patients based on SRs and CPGs, and establish a risk prediction
model to predict the probability of occurrence of PIs development
for immobile patients based on the risk factors we collected.

2. Methods and analysis

2.1. Protocol and registration

This study will be reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA-P)
and the checklist is presented in online Supplementary Appendix
1. The systematic review was registered in the I International
Platform of Registered Systematic Review and Meta-
analysis Protocols (INSPLAY) database (protocol number:
INPLASY2020100097). Ethical approval is not required because
this is a literature-based study.

2.2. Search strategy

Search strategies will be performed on the following electronic
databases: PubMed, EMABSE, Web of Science, CINAHL
Table 1

Searching strategy in PubMed.
#1 “Pressure Ulcer”[Mesh] OR pressure ulcer[Title/Abstract] OR pressure ulcers[Title

Abstract] OR bedsores[Title/Abstract] OR pressure sore[Title/Abstract] OR pres
bed sore[Title/Abstract] OR decubitus ulcer[Title/Abstract] OR decubitus ulcers
decubitus ulceration[Title/Abstract] OR decubitus ulcus[Title/Abstract] OR decu

#2 “Guideline” [Publication Type] OR “Guidelines as Topic”[Mesh] OR “Practice Guid
“Health Planning Guidelines”[Mesh] OR “Consensus”[Mesh] OR guideline[Title/A
[Title/Abstract] OR practice guidelines[Title/Abstract] OR clinical practice guidel
planning guidelines[Title/Abstract] OR recommendation[Title/Abstract] OR conse

#3 “Meta-Analysis” [Publication Type] OR “Meta-Analysis as Topic”[Mesh] OR “Syste
systematic review[Title/Abstract] OR systematic reviews[Title/Abstract] OR syste
[Title/Abstract] OR meta analyses[Title/Abstract] OR metaanalysis[Title/Abstract
Abstract] OR metanalyses[Title/Abstract] OR met-analyses[Title/Abstract] OR O
Abstract] OR meta studies[Title/Abstract]

#4 #1 AND #2
#5 #1 AND #3

2

Complete, and Cochrane Library. Specific database for CPGs
will be searched, for example: The National Institute for Health
and Care Excellence (NICE) (www.nice.org.uk), Scottish Inter-
collegiate Guidelines Network (SIGN) (https://www.sign.ac.uk/),
National Pressure Injuries Advisory Panel (NPIAP) (https://
npuap.org/), RNAO (https://communities.rnao.ca/), European
Pressure Ulcer Advisory Panel (EPUAP) (http://www.epuap.org/),
and so on. The MeSH search and text word search will be used
with the terms related to pressure injury, pressure ulcer, decubitus
ulcer, and risk factors. The specific search strategy will be (taking
PubMed as an example) is shown in Table 1. The strategy will be
modified for other databases use if necessary.
The reference lists of eligible studies will be checked by

reviewers in order to identify other possible guidelines. For
guidelines published only in summary or where important
information is missing, we will try to search for complete
information by contacting the authors.

2.3. Eligibility criteria
2.3.1. Inclusion criteria. We will include the latest version of
CPGs and SRs, which aim to identify the risk factors associated
with PIs development in immobile adult patients or patients who
are unable to reposition without assistance at least 24hours.
Reasons for being immobile include: under sedation, disease-
related immobility, and bed rest requirements for disease
treatment. Any stage of PIs and any setting will be covered
without restriction. There is no time limitation, and language is
restricted to English and Chinese.

2.3.2. Exclusion criteria. The summary of the CPGs; the
translation of a CPG published in another language; consensus,
evidence summary and potocols will be excluded. Duplicate
publication of the patient dataset will be excluded.

2.4. Study selection

Literature search records will be imported into EndNote X8
literature management software (Thomson Reuters [Scientific]
LLC, Philadelphia, PA). Two reviewers will screen the titles and
abstracts of retrieved studies to identify potentially eligible
studies. Then they will select the full-text of potentially eligible
studies and determine study according to inclusion or exclusion.
All the works above will be done independently. Any disagree-
ment will be resolved by the third reviewer. The selection process
will be summarized according to PRISMA flow diagram (Fig. 1).
/Abstract] OR PU[Title/Abstract] OR decubus ulcer[Title/Abstract] OR bedsore[Title/
sure sores[Title/Abstract] OR pressure injury[Title/Abstract] OR PI[Title/Abstract] OR
[Title/Abstract] OR decubital ulcer[Title/Abstract] OR decubital ulcus[Title/Abstract] OR
bus ulcer[Title/Abstract] OR ulcus decubitus[Title/Abstract]
eline” [Publication Type] OR “Critical Pathways”[Mesh] OR “Algorithms”[Mesh] OR
bstract] OR guidance[Title/Abstract] OR standard[Title/Abstract] OR critical pathways
ines[Title/Abstract] OR quality[Title/Abstract] OR best practice[Title/Abstract] OR health
nsus[Title/Abstract]
matic Reviews as Topic”[Mesh] OR “Systematic Review” [Publication Type] OR
matic study[Title/Abstract] OR systematic studies[Title/Abstract] OR meta analysis
] OR metanalysis[Title/Abstract] OR met-analysis[Title/Abstract] OR metaanalyses[Title/
R meta-study[Title/Abstract] OR meta study[Title/Abstract] OR meta-studies[Title/

https://www.sign.ac.uk/
https://npuap.org/
https://npuap.org/
https://communities.rnao.ca/
http://www.epuap.org/


Figure 1. Flow diagram of literature screened. CINAHL=Cumulative Index to Nursing and Allied Health Literature, EPUAP=European Pressure Ulcer Advisory
Panel, NICE=National Institute for Health and Care Excellence, NPIAP=National Pressure Injuries Advisory Panel, RNAO=Registered Nurses Association of
Ontario, SIGN=Scottish Intercollegiate Guidelines Network.
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2.5. Data extraction

Firstly, a predesigned data extraction form is to be designed by
our team. Then, one to five included studies will be pre-extracted.
If necessary, the forms shall be continually modified until the final
data extraction form complete. Two reviewers will independently
extract data from included CPGs and SRs. Different opinions will
be resolved through discussion or consult the third party.
Primarily, we will select the candidate risk factors from the

latest CPGs, and the following items will be extracted from SRs:
(1)
 General characteristics: number of authors, year of publica-
tion, organizations, or others;
(2)
 Specific characteristics: stage of PIs, target population, type of
studies included in systematic reviews, or others;
(3)
 Different type of risk factors;

(4)
 Summary effect sizes and significance levels will be extracted

if available.

2.6. Assessment of methodological quality

The methodological quality of each of the included systematic
reviews and meta-analyses will be assessed independently by two
reviewers using A Measurement Tool to Assess Systematic
Reviews 2 (AMSTAR 2).[26,27] The overall confidence of a review
3

article in 4 categories: High (no or one non-critical weakness),
Moderate (more than one non-critical weakness), Low (one
critical flaw with or without non-critical weaknesses), Critically
low (more than one critical flaw with or without non-critical
weaknesses) through spotting critical and non-critical weak-
nesses following the recommendation of the AMSTAR 2
developers.[26] And CPGs will be assessed by Appraisal of
Guidelines for Research & Evaluation II (AGREE II), which
consists of 23 items covering six quality domains, scored with a
scale of 1 (totally disagree) to 7 (totally agree) for each.[28] A
quality score is calculated for each of the six AGREE II domains.
The 6 domain scores are independent and should not be
aggregated into a single quality score. Domain scores are
calculated by summing up all the scores of the individual items in
a domain and by scaling the total as a percentage of the maximum
possible score for that domain.
2.7. Effect values combination

All the different data types will be converted to odds ratio (OR)
and 95% confidence interval (95%CI). Then, the inverse variance
method was used to combine the pooled odds ratio (ORP) by
using RevMan 5.3, and the risk factors will be included if its ORP
is greater than 1 and 95%CI does not include 1.

http://www.md-journal.com
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We will measure statistical heterogeneity using the I2 measure.
A fixed-effect model will be used if clinical heterogeneity was
minimal and I2 was less than 50%; otherwise a random-effects
model will be adopted due to I2 ≥ 75%. We will conduct a
sensitivity analysis to identify and remove the literature of
significant heterogeneity. We will also perform sensitivity for the
included SRs with “critically low”methodological quality one by
one, and exclude the SRs which cause great change in overall
effect size.
2.8. Logistic regression model

Logistic regression model refers to calculate the risk value of risk
factors in order to evaluate the contribution of risk factors in the
specific diseases and to predict the risk of developing diseases.
The risk prediction model will be established based on the
natural logarithm transformation value of the ORP. The
theoretical prediction model for the risk of pressure injury
developing in patients based on logistic regression model is as
follows:

LogitðPÞLn P
1� P

� �
¼ aþ b1X1 þ b2X2 þ � � � þ biXi þ � � �
þ bnXn

The risk probability of developing pressure injury will be
calculated based on the above model is as follows:

P ¼ ea þ b1X1 þ b2X2 þ � � � þ biXi þ � � � þ bnXn

1þ eaþb1X1þb2X2þ���þbiXiþ���þbnXn

The “X1, X2, . . . Xn” represents the number of risk factors,
“b” represents the correspondent natural logarithm transforma-
tion value of the ORP (bi ¼ LnORPi), and “a”will be calculated
using the incidence of pressure injury (a ¼ Ln P0

1�P0

� �
)

2.9. Narrative synthesis

Risk factors will be categorized into domains and sub-domains
according to the CPG published by the NPIAP, EPUAP, and Pan
Pacific Pressure Injury Alliance (PPPIA).[2] Evidence summary
tables will be generated for each risk factor domain, with a
summary narrative synthesis by sub-domain and domain. In the
evidence tables, Grade and Stage are recorded as reported in
individual studies. Sankey diagrams may be used to visualize the
evidence summary via R software if applicable.
2.10. Patient and public involvement

Patients or the public will not be involved in the design, or
conduct, or reporting, or dissemination plans of our research.
3. Discussion

Our review will provide a synthesis of risk factors and a risk
predictive model associated with the development of PIs from
systematic reviews and CPGs. In the discussion section in the full
report of our study, we are going to include the following
subsections:
(1)
 Summary of main findings;

(2)
 Interpretation of results;

(3)
 Strength and limitations;
4

(4)
 Comparison of other studies; and

(5)
 Conclusion.

Although PIs have been given substantial consideration within
hospitals and long-term care facilities in recent decades, they
remain a significant problem. A summary of the risk factors and a
risk predictive model will help to give a direction of prevention
interventions for immobile patients and provide the basis for PIs
prediction system construction.
Author contributions

Conceptualization: Ke-Lu Yang, Lin Chen, Li-Na Xing, Zong-
Hui Song.
Data curation: Ke-Lu Yang, Lin Chen, Zong-Hui Song.
Formal analysis: Ke-Lu Yang, Lin Chen.
Funding acquisition: Zong-Hui Song.
Investigation: Zong-Hui Song.
Methodology: Ke-Lu Yang, Lin Chen, Ying-Ying Kang, Li-Na

Xing, Hai-Ling Li, Peng Cheng, Zong-Hui Song.
Resources: Peng Cheng.
Software: Ke-Lu Yang, Lin Chen.
Supervision: Zong-Hui Song.
Writing – original draft: Ke-Lu Yang, Lin Chen, Zong-Hui Song.
Writing – review & editing: Ke-Lu Yang, Lin Chen, Zong-Hui

Song.
References

[1] Jackson D, Sarki AM, Betteridge R, et al. Medical device-related pressure
ulcers: A systematic review and meta-analysis. Int J Nurs Stud 2019;
92:109–20.

[2] National Pressure Ulcer Advisory Panel, European Pressure Ulcer
Advisory Panel and Pan Pacific Pressure Injury Alliance. Prevention and
Treatment of Pressure Ulcers: Clinical Practice Guideline. Emily Haesler
(Ed.), Cambridge Media: Osborne Park, Western Australia, 2014.

[3] Bereded DT, Salih MH, Abebe AE. Prevalence and risk factors of
pressure ulcer in hospitalized adult patients; a single center study from
Ethiopia. BMC Res Notes 2018;11:847.

[4] Li Z, Lin F, Thalib L, et al. Global prevalence and incidence of pressure
injuries in hospitalised adult patients: A systematic review and meta-
analysis. Int J Nurs Stud 2020;105:103546.

[5] Bennett G, Dealey C, Posnett J. The cost of pressure ulcers in the UK. Age
Ageing 2004;33:230–5.

[6] Demarre L, Van Lancker A, Van Hecke A, et al. The cost of prevention
and treatment of pressure ulcers: a systematic review. Int J Nurs Stud
2015;52:1754–74.

[7] Gorecki C, Closs SJ, Nixon J, et al. Patient-reported pressure ulcer pain: a
mixed-methods systematic review. J Pain Symptom Manage 2011;
42:443–59.

[8] Saleh MYN, Papanikolaou P, Nassar OS, et al. Nurses’ knowledge and
practice of pressure ulcer prevention and treatment: An observational
study. J Tissue Viability 2019;28:210–7.

[9] Zakrasek EC, Creasey G, Crew JD. Pressure ulcers in people with spinal
cord injury in developing nations. Spinal Cord 2015;53:7–13.

[10] Amir Y, Lohrmann C, Halfens RJ, et al. Pressure ulcers in four
Indonesian hospitals: prevalence, patient characteristics, ulcer character-
istics, prevention and treatment. Int Wound J 2017;14:184–93.

[11] Feigin VL, Krishnamurthi RV, Parmar P, et al. Update on the Global
Burden of Ischemic and Hemorrhagic Stroke in 1990-2013: The GBD
2013 Study. Neuroepidemiology 2015;45:161–76.

[12] Wang W, Jiang B, Sun H, et al. Prevalence, incidence, and mortality of
stroke in China: results from a nationwide population-based survey of
480 687 adults. Circulation 2017;135:759–71.

[13] Ekker MS, Boot EM, Singhal AB, et al. Epidemiology, aetiology, and
management of ischaemic stroke in young adults. Lancet Neurol
2018;17:790–801.

[14] Pancorbo-Hidalgo PL, Garcia-Fernandez FP, Lopez-Medina IM, et al.
Risk assessment scales for pressure ulcer prevention: a systematic review.
J Adv Nurs 2006;54:94–110.



Yang et al. Medicine (2020) 99:52 www.md-journal.com
[15] Registered Nurses’ Association of Ontario (2011). Risk assessment and
prevention of pressure ulcers.(Revised). Toronto, Canada: Registered
Nurses’ Association of Ontario.

[16] Ledger L, Worsley P, Hope J, Schoonhoven L. Patient involvement in
pressure ulcer prevention and adherence to prevention strategies: An
integrative review. Int J Nurs Stud. 2020;101:103449.

[17] Moore ZEH, Patton D. Risk assessment tools for the prevention of
pressure ulcers. Cochrane Database Syst Rev 2019;1:CD006471.

[18] Borsting TE, Tvedt CR, Skogestad IJ, et al. Prevalence of pressure ulcer
and associated risk factors in middle- and older-aged medical inpatients
in Norway. J Clin Nurs 2018;27:e535–43.

[19] Skogestad IJ, Martinsen L, Borsting TE, et al. Supplementing the Braden
scale for pressure ulcer risk among medical inpatients: the contribution
of self-reported symptoms and standard laboratory tests. J Clin Nurs
2017;26:202–14.

[20] Marin J, Nixon J, Gorecki C. A systematic review of risk factors for the
development and recurrence of pressure ulcers in people with spinal cord
injuries. Spinal Cord 2013;51:522–7.

[21] Coleman S, Gorecki C, Nelson EA, et al. Patient risk factors for pressure
ulcer development: systematic review. Int J Nurs Stud 2013;50:
974–1003.
5

[22] Anthony D, Parboteeah S, Saleh M, et al. Norton, Waterlow and Braden
scores: a review of the literature and a comparison between the scores and
clinical judgement. J Clin Nurs 2008;17:646–53.

[23] Mervis JS, Phillips TJ. Pressure ulcers: Pathophysiology, epidemiology,
risk factors, and presentation. J Am Acad Dermatol 2019;81:
881–90.

[24] Zha ML, Cai JY, Song YP, et al. Patient-controlled analgesia and
postoperative pressure ulcer: a meta-analysis of observational studies.
Wounds 2019;31:1–6.

[25] Wei R, Chen HL, Zha ML, et al. Diabetes and pressure ulcer risk
in hip fracture patients: a meta-analysis. J Wound Care 2017;26:
519–27.

[26] Shea BJ, Reeves BC, Wells G, et al. AMSTAR 2: A critical appraisal tool
for systematic reviews that include randomised or non-randomised
studies of healthcare interventions, or both. BMJ 2017;358:j4008.

[27] Tian JH, Zhang J, Ge L, et al. The methodological and reporting
quality of systematic reviews from China and the USA are similar. J Clin
Epidemiol 2017;85:50–8.

[28] Brouwers MC, Kho ME, Browman GP, et al. AGREE II: advancing
guideline development, reporting and evaluation in health care. CMAJ
2010;182:e839–42.

http://www.md-journal.com

	Identification of risk factors of developing pressure injuries among immobile patient, and a risk prediction model establishment
	1 Introduction
	2 Methods and analysis
	2.1 Protocol and registration
	2.2 Search strategy
	2.3 Eligibility criteria
	2.3.1 Inclusion criteria
	2.3.2 Exclusion criteria

	2.4 Study selection
	2.5 Data extraction
	2.6 Assessment of methodological quality
	2.7 Effect values combination
	2.8 Logistic regression model
	2.9 Narrative synthesis
	2.10 Patient and public involvement

	3 Discussion
	Author contributions
	References


