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ABSTRACT
Background Pressure injuries (PIs) remain a major concern in intensive care units (ICUs), where immobility and critical illness 
increase vulnerability. Despite advances in prevention, gaps in practice persist.

Aim To identify risk factors and characteristics of pressure injuries among adult ICU patients in Jordan and evaluate preventive 
measures currently in use.

Methods A case-control study was conducted in the ICUs of two tertiary hospitals in Jordan. A total of 300 adult patients were 
included: 150 with PIs (cases) and 150 without (controls). Data were extracted from medical records using the Braden Scale 
and a structured risk factor tool. 

Results The mean age of cases was 66.0 years compared to 54.9 years among controls. Males predominated in both groups, 
particularly among cases (61.3%). Preventive practices were inconsistent: none had pressure-relieving mattresses, and 
repositioning was often reactive. Logistic regression identified significant predictors: male gender (OR=8.6), older age 
(OR=1.04 per year), prolonged ICU stay (OR=1.52), higher BMI (OR=1.12), mechanical ventilation (OR=22.0), oedema (OR=5.53), 
reduced consciousness (OR=8.41), and incontinence-associated dermatitis (OR = 9.0). Adequate preventive care reduced PI 
likelihood substantially (OR=31.0).

Conclusions The findings emphasise the importance of integrating early, targeted interventions into routine ICU practice to 
minimise patient harm and improve outcomes.

Implications for clinical practice Findings highlight the urgent need for standardised preventive strategies, resource 
allocation and adherence to evidence-based guidelines to reduce PI incidence and improve ICU patient outcomes.
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Risk factors associated with pressure injuries among 
adults admitted to intensive care units 

Research article

KEY MESSAGE
•	 This case–control study investigated the risk factors, 

characteristics, and preventive practices related to pressure 
injuries (PIs) among adults admitted to intensive care units 
in Jordan.

•	 The study aimed to identify demographic and clinical risk 
factors associated with ICU-acquired PIs and to evaluate 
the adequacy of preventive measures currently in use.

•	 Most ICU patients with pressure injuries were older, male, 
and had longer hospital stays, with injuries mainly at the 
sacrum and commonly Stage 2. Significant predictors 
included mechanical ventilation, oedema, reduced 
consciousness and incontinence-associated dermatitis, 
while adequate preventive care greatly reduced risk.

BACKGROUND
Pressure injuries (PIs), formerly referred to as pressure ulcers 
(PUs), are localised damage to the skin and underlying tissues, 
typically occurring over bony prominences due to sustained 

pressure, shear forces, and friction.1 Beyond physical tissue 
damage, PIs profoundly affect patients’ well-being. They lead 
to pain, discomfort, reduced mobility and impaired quality 
of life. Many patients also experience psychological distress, 
as they become increasingly dependent on healthcare 
providers for wound care and daily assistance.2 From a health 
systems perspective, PIs require extensive resources, including 
pressure-relieving equipment, longer hospitalisations, 
additional staff hours, and costly wound management, placing 
a substantial burden on healthcare services worldwide.3,4 
Despite advances in clinical practice, PIs remain a global 
challenge, especially in high-risk populations, such as patients 
in intensive care units (ICUs), where immobility and invasive 
treatments are common.5

Epidemiological evidence underscores this concern. Globally, 
the prevalence of hospital-acquired PIs is estimated at 12.8%, 
with regional variations: 14.5% in Europe, 13.6% in North 
America, 12.7% in South America, and 3–9% in Australia,5 ICU-
acquired PIs are even more frequent; a meta-analysis reported 
a pooled prevalence of 16.6% in the Eastern Mediterranean 



80 Journal of Wound Management    Volume 27 Number 1   April 2026

region.6 In Jordan, prevalence rates across all PI stages were 
11.5%, with Stage 1 and Stage 2 injuries most commonly 
reported, each accounting for 40% of cases.7

Among critically ill patients, the sacrum (57.4%), heels (35.2%), 
and face (8.7%) are the most common sites of PI development, 
with severe injuries comprising 40.8% of all cases.8 Risk 
factors in ICUs include immobility, prolonged mechanical 
ventilation, vasopressor use, hemodynamic instability, and 
inadequate repositioning practices.9 Additional predictors 
include advanced age, prolonged ICU stays, and sedation.10 
Consequently, PI prevention is recognised as a cornerstone 
of nursing practice, requiring accurate risk assessment, timely 
detection, and evidence-based interventions.11 Moreover, 
PIs are often considered indicators of nursing care quality, 
underscoring the importance of adequate training and 
continuous education for healthcare providers.12 

In Jordan, although nurses recognise PI prevention as a 
fundamental responsibility, barriers such as limited access to 
preventive devices, insufficient training, and staffing shortages 
hinder effective implementation.13 These systemic constraints, 
compounded by individual knowledge gaps, perpetuate the 
occurrence of PIs in critical care. Therefore, this study aims to 
identify risk factors and characteristics of PIs among adult ICU 
patients in Jordan, while also evaluating preventive measures 
currently in use. 

METHODS
Design 
A case-control design was employed in this study.

Setting and sample
Settings

This study was conducted in the ICUs of two large tertiary 
hospitals in Jordan. The first hospital, located in the capital city, 
is a major national referral center and includes three ICUs: an 
Emergency Room ICU (19 beds), a Surgical ICU (24 beds), and 
a Burn ICU (9 beds). The second hospital, situated in northern 
Jordan, is a teaching hospital affiliated with a public university 
and contains 120 ICU beds across several specialised units, 
including the Coronary Care Unit (CCU), Cardiac Intensive 
Care Unit (CICU), and General Intensive Care Unit (GICU). 
These hospitals were selected because they provide advanced 
critical care services and admit patients from diverse clinical 
backgrounds, making them suitable for investigating pressure 
injury risk factors and prevention.

Sample and sampling

The study sample consisted of adult patients admitted to the 
ICUs of the two selected hospitals. Convenience sampling 
was employed to recruit participants. Cases were defined as 
adult ICU patients (≥18 years) who had been hospitalised for 
at least 48 hours and developed a new pressure injury during 
their ICU stay, confirmed by direct assessment and medical 
record documentation. Controls were ICU patients admitted 
for more than 48 hours during the same study period who 
did not develop any pressure injury. Patients with pre-existing 
pressure injuries on admission, or those for whom accurate 
assessment was not feasible, were excluded from both groups.

Sample size

The required sample size was determined based on the 
planned logistic regression analysis. According to the criterion 
N≥10m (where m is the number of predictors), and with 15 
predictors included in the model, a minimum of 150 patients 
was needed for each outcome category (case and control). 
This resulted in a total sample size of 300 patients, which was 
considered sufficient for the purposes of this study.

Data collection tools 
Two instruments were used to collect data: the Braden Scale 
and the Pressure Injury Prevention and Risk Factors Data 
Extraction Sheet.

Braden Scale 
The Braden Scale, developed by Bergstrom, Demuth14, is a 
widely used tool to assess risk for pressure injuries. It consists 
of six subscales: Sensory Perception, Moisture, Activity, 
Mobility, Nutrition, and Friction/Shear. Each subscale is scored 
individually, with a total score ranging from 6 to 23. Lower 
scores indicate higher risk of PI development. In this study, 
patients with a Braden score of 18 or below were classified as 
being at risk, with the following categories: 15–18 (mild risk), 
13–14 (moderate risk), 10–12 (high risk), and ≤9 (very high 
risk).

The Braden Scale has demonstrated predictive validity and 
reliability across multiple clinical settings; however, evidence 
indicates that its validity is only moderate when applied in ICU 
populations.15, 16 Reported Cronbach’s alpha values range from 
0.43 to 0.85, supporting its internal consistency.17 

PI prevention and risk factor data extraction sheet
This researcher-developed tool was designed to extract data 
systematically from patient medical records. It captured 
demographic and clinical characteristics, including age, 
gender, marital status, educational level, hospital, and ward/
unit of admission. Clinical data included medical diagnosis, 
length of stay prior to pressure injury formation, Glasgow 
Coma Scale (GCS) score, and the presence of a family caregiver.

The tool also recorded details about pressure injuries, 
including number, stage, and anatomical location, as well as 
the severity and location of the most significant injury. Risk 
factors such as incontinence, body mass index (BMI), white 
blood cell count, haemoglobin level, serum albumin level, 
comorbidities (such as diabetes, hypertension, heart failure, 
kidney failure, cancer or neurological disorders), smoking 
status, history of pressure injuries, mechanical ventilation use, 
and oedema were included.

In addition, the tool documented preventive and therapeutic 
measures, such as mattress type (standard, alternating air or 
static pressure-redistributing), frequency of repositioning, 
heel protection, nutritional support, incontinence care and 
protective dressings for bony prominences. The adequacy of 
prevention was further analysed using the European Pressure 
Ulcer Advisory Panel (EPUAP) methodology, classifying 
patients into three categories. 

Data collection procedure
Following ethical approval and institutional permissions, 
patient eligibility was assessed through admission logs and 
electronic medical records in collaboration with ICU staff and 
hospital information departments. Because many ICU patients 
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were unconscious or clinically unstable, no direct interviews 
were conducted. Instead, demographic and clinical data were 
extracted from medical records using the Braden Scale and 
the Pressure Injury Prevention and Risk Factors Data Extraction 
Sheet. 

Pressure injuries were identified from patients’ electronic 
medical records, where ICU nurses routinely documented 
Braden Scale scores and wound assessments using the 
NPUAP/EPUAP/PPPIA classification system1 as part of daily 
care. This system categorises pressure injuries into Stage 1 
(non-blanchable erythema of intact skin), Stage 2 (partial-
thickness skin loss with exposed dermis), Stage 3 (full-
thickness skin loss), Stage 4 (full-thickness skin and tissue loss), 
Unstageable (obscured full-thickness skin and tissue loss), and 
Deep Tissue Pressure Injury (persistent non-blanchable deep 
red, maroon, or purple discoloration). Data were systematically 
extracted by the first author using the researcher-developed 
Pressure Injury Prevention and Risk Factors Data Extraction 
Sheet, which captured sociodemographic characteristics, 
clinical variables, preventive interventions and outcomes. The 
extracted data were then entered into SPSS for analysis and 
stored on a secured, password-protected laptop. No post-
discharge follow-up was performed.

Data analysis
Data were checked for completeness and accuracy before 
analysis. All statistical analyses were performed using IBM SPSS 
Statistics, version 30 (IBM Corp., Armonk, NY, USA). Descriptive 
statistics, including frequencies, percentages, means and 
standard deviations, were used to summarise demographic 
and clinical characteristics, as well as preventive measures 
implemented.

To assess the association between preventive interventions, 
and the occurrence of pressure injuries, simple logistic 
regression was performed. Multiple logistic regression was 
subsequently conducted to identify independent predictors 
of pressure injury development. All theoretically relevant 
variables, supported by existing literature, were included to 
minimise omitted-variable bias. This approach is consistent 
with best practices in regression modelling, which emphasise 
the inclusion of clinically significant variables rather than 
relying solely on bivariate associations.18, 19 A p-value of ≤0.05 
was considered statistically significant for all analyses.

Ethical and institutional approvals
Ethical approval was obtained from the Ethics Committee of 
the public university (15 July 2024), the Ministry of Health (14 
August 2024), and the Ethics Committee of King Abdullah 
University Hospital (4 September 2024). All patients, or their 
legal guardians where applicable, received full information 
about the study’s purpose, procedures, risks, and benefits. 
Written informed consent was obtained prior to data 
collection.

Participants were assured that involvement was voluntary and 
would not affect their treatment. They were also informed 
of their right to withdraw at any time without repercussions. 
Confidentiality was strictly maintained; no personal identifiers 
were included in the study records. All collected data were 
securely stored and accessible only to the research team.

RESULTS 
Participants’ demographic characteristics 
A total of 300 patients were included, with 150 having 
pressure injuries (cases) and 150 without (controls). As shown 
in Table 1, males predominated in both groups, particularly 
among cases (61.3%). The mean age was higher among 
cases (66.0 years, SD=16.8) compared to controls (54.9 years, 
SD=17.6). Likewise, the mean length of hospital stay was 
longer for cases (20.2 days, SD=12.0) than controls (6.6 days, 
SD=3.2). Marital status showed no marked difference, though 
educational attainment was lower among cases, with 78% 
having primary education or less compared to 62.7% in 
controls.

Most participants had a family caregiver, with the proportion 
slightly lower among cases (88.7%) than controls (92.7%). 
Respiratory (20%) and cardiac diseases (16%) were more 
prevalent among cases, whereas surgical conditions were 
more common in controls (20%). Glasgow Coma Scale scores 
also differed, with 52% of cases showing severe impairment 
(≤8) compared to 61.3% of controls with minor impairment 
(≥13).

Clinical characteristics of pressure injuries in ICU patients
Among the 150 cases, most patients had a single injury (38%, 
n=57), while 23.3% (n=35) had two and only a few had three 
(2%, n=3) or four (0.7%, n=1). Regarding ulcer grading, grade 2 
was most frequent (62%, n=93), followed by grade 1 (36.7%, 
n=55). Grade 3 injuries were less common (6%, n=9), and 
none of the patients had grade 4, unstageable, or deep-tissue 
injuries.

The sacrum was the most common site (72.7%, n=109), 
followed by buttocks (32.7%, n=49) and heels (15.3%, n=23). 
A few injuries occurred on the ear, scapula, and gluteal 
regions, with none on elbows, knees, or trochanter. Braden 
Scale assessment showed that fewer classified as high (18%), 
moderate (18.7%), or mild (3.3%). See Table 2.

Strategies to reduce pressure injuries in ICUs
Table 3 summarises the preventive measures applied to 
cases (n=150) and controls (n=150). All participants used 
standard mattresses, with no pressure-relieving alternatives. 
Repositioning differed notably: 79% (n=119) of cases were 
repositioned every two hours, while 74.7% (n=112) of controls 
were not repositioned. Heel protection was more common 
among cases (94.7%, n=142), whereas 52% (n=79) of controls 
did not receive it. High-calorie diets were more frequently 
provided to cases (58%, n=88), while other diets predominated 
among controls (76%, n=114). Nearly all cases used absorbent 
products (99.3%) and special dressings (100%), unlike controls. 

Prevention was considered adequate if patients were regularly 
repositioned and used a pressure-relieving mattress. It was 
classified as some prevention if patients were either regularly 
repositioned or used a pressure-relieving mattress. Finally, 
patients who were neither repositioned nor received pressure-
relieving support, relying solely on a standard hospital 
mattress, were categorised as receiving no prevention. 

A simple logistic regression analysis was conducted to 
examine the association between the adequacy of preventive 
measures and the occurrence of pressure injuries in adult 
ICU patients in Jordan. The results indicated that patients 
who received adequate preventive care had a significantly 
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lower likelihood of developing pressure injuries compared to 
those who did not (B=3.43). This association was statistically 
significant (OR=31.0; 95% CI: 15.7–61.1; p<0.05).

Predictors of pressure injuries among adult ICU patients
A multiple logistic regression analysis was conducted to 
identify predictors of pressure injury development among 
adult ICU patients in Jordan. Variables included sex, age, 
length of hospital stay, BMI, smoking status, mechanical 
ventilation, oedema, GCS score and incontinence-associated 
dermatitis. The overall model was statistically significant 
(χ²(10)=301.3, p<0.001), accounting for 63% to 84% of the 
variance in pressure injury occurrence. The Hosmer-Lemeshow 
test indicated a good model fit (χ²(8)=5.74, p=0.67).

Several variables emerged as significant predictors. Male 
patients had a higher likelihood of developing pressure 
injuries than females (OR=8.6, p<0.001). Age was also 
significant, with each additional year increasing risk (OR=1.04, 
p=0.007). Prolonged hospitalisation (OR=1.52, p<0.001) 

and higher BMI (OR=1.12, p=0.006) were associated with 
elevated risk. Other predictors included smoking (OR=0.19, 
p=0.008), mechanical ventilation (OR=22.0, p=0.013), oedema 
(OR=5.53, p=0.008), moderate GCS (OR=8.41, p=0.003), 
and incontinence-associated dermatitis (OR=9.0, p=0.004). 
Detailed results are presented in Table 4.

DISCUSSION 
Pressure injury characteristics
This study found that most ICU patients in Jordan developed a 
single pressure injury, with a smaller proportion experiencing 
multiple lesions. Over half of these injuries were classified as 
Stage 2 (partial-thickness skin loss), followed by Stage 1 (non-
blanchable erythema). This distribution contrasts with earlier 
national data, which reported Stage 1 as the most common; 
however, those findings included all hospital wards.20 The 
predominance of Stage 2 injuries in ICU patients may reflect 
rapid progression due to immobility and critical illness.

Variable Control (n=150) Case (n=150)

Frequency (%) Mean (SD) Frequency (%) Mean (SD)

Hospital

Al-Basheer 74 (44.3) 55 (36.7)

KAUH 76 (50.7) 95 (63.3)

Gender 

Female 68 (45.3) 58 (38.7)

Male 82 (54) 92 (61.3)

Age 54.9 (17.6) 66 (16.8)

Length of stay 6.6 (3.2) 20.2 (12)

Marital status 

Not married 63 (42) 72 (84)

Married 87 (58) 78 (52)

Educational level

Primary and lower 94 (62.7) 117 (78)

Secondary and above 56 (37.3) 33 (22)

Family caregiver 

No 11 (7.3) 17 (11.3)

Yes 139 (92.7) 133 (88.7)

Medical diagnosis  

Cancer 12 (8) 22 (14.7)

Cardiac 20 (13.3) 24 (16)

Respiratory 23 (15.3) 30 (20)

Gastro 14 (9.3) 8 (5.3)

Sepsis 7 (4.7) 14 (9.3)

Neuro 18 (12) 17 (11.3)

DKA 7 (4.7) 6 (4)

Renal 11 (7.3) 14 (9.3)

Surgical 30 (20) 6 (4)

Trauma 8 (5.3) 9 (6)

Glasgow coma scale 

Minor GCS ≥13 92 (61.3) 13 (8.7)

Moderate GCS 9-12 36 (24) 59 (39.3)

Sever GCS 8 or less 22 (14.7) 78 (52)

Table 1. Demographic characteristics of participants (n=300)
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Variable Frequency (%)

Number of PU 

Blanched erythema 54(36)

One 57(38)

Two 35(23.3)

Three 3(2)

Four 1(0.7)

PU grade

PU grade 1 55 (36.7)

PU grade 2 93 (62)

PU grade 3 9 (6)

PU grade 4 0 (0.0)

PU unstageable 0 (0.0)

PU deep tissue 0 (0.0)

PU location 

PU heels 23 (15.3)

PU sacrum 109 (72.7)

PU scapula 2 (1.3)

PU gluteal 2 (1.3)

PU buttocks 49 (32.7)

PU elbow 0 (0.0)

PU knee 0 (0.0)

PU trochanter 0 (0.0)

PU ear 4 (2.7)

Braden cale

Sever risk 90 (60)

High risk 27 (18)

Moderate risk 28 (18.7)

Mild risk 5 (3.3)

No risk 0 (0.0)

Table 2. Clinical characteristics of pressure ulcers in adult patients (n=150)

Preventive measures Control (n=150) 
Frequency (%) 

 Case(n=150)
Frequency (%)

Mattress  

Standard mattress 150 (100) 150 (100)

Pressure relieving 
(powered) 

0 (0.0) 0 (0.0) 

Pressure relieving (non-
powered)

0(0.0) 0 (0.0) 

Repositioning (n)

Not repositioned/
irregular

112 (74.7) 13 (8.7)

Regularly repositioned 
(Every 2 h)

26 (17.3) 119 (79)

Regularly repositioned 
(Every 4 h)

12 (8) 18 (12)

Heel protection

With bellow 79 (52) 142 (94.7)

No protection 71 (74) 8 (5.3)

Nutrition

Other nutrition 114 (76) 62 (41.3)

High calorie 36 (24) 88 (58)

Absorbent

No 62 (41) 1 (0.7)

Yes 88 (58) 149 (99.3)

Special dressing

No 150 (100) 0 (0.0)

Yes 0 (0.0) 150 (100) 

Table 3. Pressure ulcers preventive measures

Anatomical sites were consistent with regional and 
international literature, with the sacrum being most frequently 
affected, followed by the buttocks and heels.6, 21, 22 Notably, 
95% of patients had heel protection, possibly contributing to 
the relatively low incidence of heel injuries (5%) compared to 
higher rates reported elsewhere. The absence of injuries at less 
common sites (such as elbows and trochanters) likely relates 
to supine positioning and minimal patient movement. These 
findings support global evidence that sacrum and heel are 
the most vulnerable sites, highlighting the need for targeted 
interventions, such as sacral padding and heel offloading, to 
reduce risk in ICU populations.

Preventive measures
This study revealed major deficiencies in implementing key 
interventions, particularly in the availability of pressure-
relieving surfaces and the consistency of repositioning 
practices. Notably, none of the patients had access to 
advanced pressure-relieving mattresses, suggesting systemic 
gaps in ICU resource allocation.

International guidelines recommend high-specification 
foam or alternating-pressure mattresses for at-risk patients, 

supported by strong evidence for reducing injury incidence.23 
The absence of such equipment in this study aligns with 
prior Jordanian findings, which reported that essential 
preventive tools were lacking in many hospitals.24, 25 Based on 
Donabedian’s model, this represents a structural deficiency 
that likely impairs care delivery and worsens outcomes.

Repositioning practices were also inconsistent. Although 79% 
of patients with pressure injuries were repositioned every two 
hours, 75% of those without injuries were turned irregularly. 
This suggests a reactive rather than preventive approach, 
where increased repositioning occurred only after signs of 
skin compromise. These findings underscore the importance 
of standardised, risk-based repositioning protocols.26 Heel 
protection devices were more frequently used for patients 
with pressure injuries (94.7%) than those without (48%), 
indicating potential overreliance on reactive interventions. 
The effectiveness of heel offloading remains uncertain due 
to limited high-quality evidence.27 Nutritional support also 
differed significantly; 58% of patients with injuries received 
high-calorie enteral nutrition, compared to only 24% of those 
without injuries. This likely reflects either the severity of illness 
or delayed intervention. Guidelines recommend early, protein-
rich feeding to support tissue repair.28 Overall, the findings 
point to significant shortfalls in both resource availability and 
adherence to evidence-based prevention protocols. There is a 
clear need for systemic improvements in practice and further 
clinical trials to strengthen the evidence base supporting 
specific interventions for pressure injury prevention in ICU 
settings.
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Predictor B df P value Odds Ratio 95% CI

Gender 
(male with reference to female)

2.15 1 < 0.001 8.6 2.44 to 30.4

Age (years) 0.04 1 0.007 1.04 1.01 to 1.08

Length of stay (days) 0.42 1 < 0.001 1.52 1.33 to 1.75

Body mass index 0.12 1 0.006 1.12 1.03 to 1.22

Smoking 
(yes, with reference to no)

-1.67 1 0.008 0.19 0.05 to 0.64

Mechanical ventilator 
(yes, with reference to no)

3.09 1 0.013 22 1.90 to 256.3

Oedema (yes with reference to no) 1.71 1 0.008 5.53 1.57 to 19.4

GCS moderate 
(moderate with reference to minor)

2.12 1 0.003 8.41 2.02 to 34.8

GCS severity 
(severe with reference to minor)

-0.07 1 0.617 0.52 0.04 to 6.69

Incontinence dermatitis 
(yes, with reference to no)

2.19 1 0.004 9.01 2.02 to 40.2

Constant -13.4 1 0.00 0.00

Table 4. Logistic regression model examining risk factors for pressure injuries

Predictors for pressure injuries 
This study identified several significant predictors for PI 
development in ICU patients, including male gender, older 
age, prolonged ICU stay, elevated BMI, smoking, use of 
mechanical ventilator (MV), oedema, reduced consciousness 
and IAD. These findings provide important insight into 
multifactorial risks in critically ill populations and support 
targeted preventive measures.

Gender emerged as a particularly strong predictor, with 
male patients exhibiting an 8.6-fold increased risk of PI 
development compared to females. This is consistent with 
Nguvulu29 and Sunga et al,30 who reported higher PI incidence 
in male ICU patients—possibly linked to the higher prevalence 
of traumatic injuries and spinal cord damage in this group. 
Although some studies, like Serrano et al9, have reported no 
significant gender difference or even elevated risk among 
females in specific subpopulations, the present study suggests 
that male gender remains a consistent clinical marker for 
increased vulnerability. The observed relationship may be 
partially explained by age and comorbid burden—male 
patients in this cohort tended to be older and have multiple 
risk factors such as immobility and nutritional compromise. 
Furthermore, gender-based health behaviour disparities, 
including lower engagement in preventive care and reduced 
adherence to hygiene practices, may indirectly contribute to 
poorer skin integrity and higher complication rates among 
males.31

Age was another notable independent predictor. Advancing 
age contributes to skin atrophy, reduced microcirculation, 
and delayed wound healing, compounding the effects of 
immobility and comorbidities such as diabetes, vascular 
disease and malnutrition. These physiological vulnerabilities, 
widely supported in the literature9,22,32, are particularly 
pronounced in ICU settings, where patients often have 
multiple systemic insults. Digesa et al32 found that patients 
aged ≥40 were three times more likely to develop PIs than 
their younger counterparts, reinforcing the impact of aging on 
tissue breakdown.

Length of ICU stay was a robust predictor, reflecting the 
cumulative burden of illness and prolonged exposure to 
pressure and shear forces. Prolonged immobilisation, the use 
of medical devices, and longer time spent in catabolic states 
exacerbate the risk of tissue injury. Previous studies9, 33 have 
confirmed that extended ICU stays are linearly associated with 
increased PI incidence, with some showing risk increasing 
significantly for each additional day in the ICU. 

BMI also demonstrated a significant correlation. Historically, 
low BMI has been associated with poor nutritional reserves 
and inadequate cushioning over bony prominences, 
increasing susceptibility to skin breakdown.34 An ICU cohort 
study found that patients with a BMI <18.5 had a significantly 
higher incidence of pressure injuries compared to normal 
weight patients, corresponding to an increased relative risk.35 
This finding is consistent with a recent meta-analysis, which 
reported that underweight individuals had more than a 
two-fold higher risk (OR≈2.3) of developing pressure injuries 
compared to those of normal weight.36 Conversely, higher 
BMI may reduce mobility and impair perfusion. Studies have 
suggested a U-shaped relationship, with underweight and 
obese patients both being more vulnerable.9 However, some 
authors, like Workum et al37, argue that obesity alone is not 
independently predictive. In this cohort, the association may 
reflect the combined effects of immobility, metabolic stress 
and delayed wound healing in patients with abnormal BMI.

Smoking was significantly associated with PI development. 
Tobacco use impairs microvascular blood flow and delays 
tissue repair. For example, Wu et al38 found a 1.5-fold increase 
in PI risk among smokers. Nicotine-induced vasoconstriction, 
along with other toxic substances such as carbon monoxide 
and hydrogen cyanide, reduces tissue oxygenation and 
directly interferes with collagen synthesis.39, 40 The impaired 
wound healing and reduced tissue tolerance in smokers make 
this a modifiable but critical risk factor.

Mechanical ventilation (MV) emerged as a highly significant 
contributor. Patients requiring MV often experience deep 
sedation or paralysis, prolonged immobilisation, and reduced 
perfusion, all of which predispose to PI development. The 
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literature supports this: MV is responsible for up to 28% of PIs 
in critically ill patients,41 and the association is especially strong 
in COVID-19 ICU cohorts using prone positioning.42Medical 
devices themselves—such as endotracheal tubes, straps, 
and oxygen masks—also serve as localised pressure sources. 
Praneetha43 and Najjar et al44 have both identified device-
related PIs as a common complication in MV patients, 
especially those using non-invasive ventilation with face 
masks, which accounted for nearly 16% of such cases in 
coronary care settings.

Oedema, indicative of fluid overload or systemic inflammation, 
reduces capillary oxygen exchange and stretches the skin, 
making it more vulnerable to shear and pressure. Studies 
have demonstrated a clear association between oedema 
and PI development.45-47 Oedematous tissue also retains 
pressure marks longer, increasing the duration of unrelieved 
compression.

GCS scores were also predictive. Patients with reduced 
consciousness are unable to sense discomfort or reposition 
themselves, increasing their risk of prolonged pressure 
exposure. Consistent with findings by Razi-Chafi et al47 and 
Mobayen et al48, the present study found a clear association 
between declining GCS scores and PI risk, particularly among 
those with moderate impairments. Sedation, sensory deficits, 
and impaired responsiveness exacerbate this risk. Finally, 
incontinence-associated dermatitis (IAD) stood out as a 
significant marker for PI development. Patients with IAD were 
nearly nine times more likely to develop PIs. This is because 
IAD denotes already-compromised skin due to prolonged 
moisture exposure and pH imbalance, often in the sacral 
or gluteal area. It also signals frequent cleaning, which can 
increase friction. The relationship between IAD and PI is well-
documented in the literature,49, 50 supporting IAD’s role as both 
a warning sign and direct contributor to PI development. 

While many international studies have identified risk factors 
for pressure injuries in ICU patients, our study adds originality 
by addressing a context that has been underexplored in the 
Eastern Mediterranean region. Unlike most prior reports, 
all patients in our cohort were managed without pressure-
relieving mattresses, and repositioning was often reactive 
rather than preventive, revealing systemic gaps that were 
rarely quantified in previous research. Moreover, although 
predictors, such as advanced age and immobility are 
consistently reported, the exceptionally high odds ratios 
observed in our data, such as MV (OR=22.0) and incontinence-
associated dermatitis (OR = 9.0), underscore the magnitude 
of risk in our setting. These findings highlight both structural 
deficiencies and clinical vulnerabilities, distinguishing our 
study from earlier work, and providing new evidence that is 
critical for guiding practice and policy in resource-limited ICUs.

Limitations

This study presents important findings on ICU-acquired 
pressure injuries; however, limitations must be acknowledged. 
First, the research was confined to Jordanian intensive 
care units, which may limit the generalisability of results 
to healthcare settings with different clinical practices, 
resource availability, and organisational structures. Second, 
the case-control design—although effective for identifying 
associations—does not allow for causal inference, and 
therefore, observed relationships should be interpreted with 

caution. Third, the use of the Braden Scale as the primary 
tool for pressure injury risk assessment. Although it is widely 
applied and demonstrates acceptable validity in general 
clinical settings, evidence suggests that its predictive 
accuracy is only moderate among critically ill ICU patients. 
This limitation may reduce the precision of risk stratification 
in our cohort. To address this, we incorporated additional 
clinical variables into our analysis, but future studies should 
consider modified or ICU-specific tools to enhance assessment 
accuracy. Finally, the study did not explore broader contextual 
or environmental variables—such as workload, staffing ratios, 
or institutional policies—that could impact PI prevention 
efforts. Future research should incorporate longitudinal and 
interventional designs across diverse healthcare settings to 
enhance the applicability and causal understanding of these 
findings.

CONCLUSION
This study highlights the multifactorial and preventable 
nature of ICU-acquired PIs. The findings underscore the urgent 
need for systematic implementation of evidence-based 
preventive strategies, including routine repositioning, timely 
nutritional support, and equitable access to pressure-relieving 
equipment. Structural gaps and inconsistent practices must 
be addressed through policy reform, interprofessional 
collaboration and sustained clinical oversight. Advancing 
PI prevention requires not only clinical vigilance but also 
organisational accountability to embed safety at the core of 
critical care delivery.

IMPLICATIONS FOR CLINICAL PRACTICE
•	 Ear ly,  proac t ive preventive measures  (such as 

repositioning, sacral padding, heel offloading) are essential 
rather than reactive care.

•	 Equitable access to pressure-relieving equipment (such 
as specialised mattresses) must be prioritised to reduce 
incidence.

•	 Interprofessional  col laboration and continuous 
staff education are critical to improve prevention and 
adherence to evidence-based guidelines.

FURTHER RESEARCH
•	 Longitudinal and interventional studies are needed to 

establish causal links between identified risk factors and 
pressure injury development.

•	 Randomised controlled trials should evaluate the 
effectiveness of educational and preventive interventions, 
including emerging technologies, such as wearable 
sensors and AI-based monitoring.

•	 Future research should actively involve patients and 
caregivers in co-designing preventive strategies and self-
care approaches.
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