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Purpose: In recent times, growing uncertainty has emerged regarding the effectiveness of standard pressure ulcer (PU) risk
assessment tools, which are suspected to be no better than clinical judgment, especially in the frail and comorbid elderly population.
This study aimed to identify the primary clinical predictive variables for PU development and severity in hospitalized older adults,
utilizing a multidimensional frailty assessment, and compare them with the Braden scale.

Patients and methods: The population consisted of 316 patients, admitted to the Geriatric Unit and Transitional Care of San
Bartolomeo Hospital in Sarzana (Italy) during the period 21/02/22-01/07/22. The collected information included both anamnestic and
laboratory data. A comprehensive geriatric assessment was performed, including also anthropometric and physical performance
measurements. Multivariate logistic analysis was used, both in a binary classification test and in the subsequent ordinal classification
test of severity levels. The final performance of the model was assessed by ROC curve estimation and AUC comparison with the
Braden scale.

Results: Within the population, 152 subjects (48%) developed PU at different levels of severity. The results showed that age, Braden
scale (subscales of mobility and friction/shear), Barthel scale, Mini Nutritional Assessment, hemoglobin, and albumin are predictors
associated with the development of PU (AUC 85%). The result is an improvement over the use of the Braden scale alone (AUC 75%).
Regarding the identification of predictive factors for PU severity, 4AT also emerges as potentially relevant.

Conclusion: Assessing the subject’s nutritional status, physical performance, and functional autonomies enables the effective
integration of the Braden scale in identifying patients most susceptible to developing PU. Our findings support the integration of
a comprehensive set of methodologically robust frailty determinants into traditional risk assessment tools. This integration reflects the
mutual interplay between patients’ frailty, skin frailty, and PU development in very old hospitalized patients.
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Introduction

The gradual aging of the population has led to a rise in older adults with multimorbidity and frailty, increasing the
likelihood of pressure ulcers (PU), particularly during hospitalization. Notably, two-thirds of PU cases occur in patients
aged over 70 years,' who also endure diminished quality of life, disability, higher mortality rates, prolonged hospital
stays, and increased complications. Consequently, PU management ranks among the top priorities for healthcare
systems.” In line with that, Song et al pointed out that patients with PU had a twofold higher risk of mortality compared

to patients without PU during a 3-year follow-up period.*
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The prevalence of PU varies between 5% and 15% among in-hospital patients® and from 3.4% to 32.4% in those
admitted to long-term care settings.®

Diminished physiological reserve, coupled with impaired sensory, mobility, and mental status, can predispose older
adults to PU development by limiting physiological positional changes. Furthermore, both local risk factors, like
immobility leading to local tissue hypoperfusion, and systemic risk factors, such as malnutrition, hypoalbuminemia,
and diabetes mellitus, have consistently been linked to PU development, exacerbating clinical outcomes.” Similarly,
growing evidence suggests that poor nutritional status independently increases mortality risk in older adults, even after
adjusting for multimorbidity.®

PU are classified according to the International NPUAP/EPUAP (National Pressure Ulcer Advisory Panel, European
Pressure Ulcer Advisory Panel) Pressure Ulcer Classification System;’ the Braden scale'® has proved to be the gold
standard for the timely identification of patients at risk of PU formation; its parameters are as follows: sensory
perception, moisture, activity, mobility, nutrition, and friction/shear. However, recent evidence has reported degrees of
uncertainty about whether standard risk assessment tools may be able to affect PU incidence and severity, as compared to
risk assessment through clinical judgment, especially in older and comorbid patients.""

A key element of clinical judgment in the geriatric setting is frailty assessment. To date, in fact, only a paucity of
studies have investigated the role of frailty as a key determinant in the development of PU in older adults. Frailty is
a common geriatric syndrome characterized by increased vulnerability to environmental stressors, due to diminished
physiologic reserve;'? its prevalence rates range from 47.4%'? in in-hospital settings to 52.3% in nursing homes.® Donini
et al, in a retrospective nursing-home-based study, observed that older patients with higher frailty status sustained
worsened clinical progression of PU, whereas patients with reduced multimorbidity and higher protein intake at hospital
admission were more likely to favorably recover from PU.'*'*

Nonetheless, there is still a poor understanding of the interplay between frailty and PU development in older adults,
which results in the suboptimal identification of subjects most at risk, offering unequal or inappropriate care processes.

Starting from this background, the present retrospective study was aimed at identifying the main clinical predictive
variables for the development and severity of PU in a hospitalized old-age population based on a multidimensional frailty
assessment, as compared with the gold standard Braden scale.

Materials and Methods

This study adheres to the TRIPOD statement, ensuring transparent reporting of key aspects such as study objectives,
participant selection, predictor variables, model development, validation methods, performance measures, and potential
biases.'> This study was approved by the Clinical Research Ethics Committee of the University of Genoa (No: 2024.54).
Written informed consent was obtained from all patients or their families. The study was performed in accordance with
the ethical standards of the Declaration of Helsinki.

Three hundred and sixteen patients (F:195-M:121), admitted to the Geriatric Unit and Transitional Care of San
Bartolomeo Hospital in Sarzana (La Spezia, Italy) during the period 21/02/22-01/07/22 were consecutively enrolled.
Demographic data such as sex, age, smoking habit, and the presence of urinary catheters were obtained. Laboratory data
including hemoglobin, leukocyte count, lymphocyte fraction, plasma proteins, albumin, transferrin, creatinine, blood
glucose, and CRP were also collected. A Comprehensive Geriatric Assessment (CGA'®) was performed within 48 hours
after in-hospital admission by an expert geriatrician, including risk of falls (Conley scale'’); delirium risk (4AT'®);
functional status (Barthel'® and IADL?’); comorbidity (Cumulative Illness Rating Scale CIRS?"); cognitive status (Short
Portable Mental Status Questionnaire SPMSQ??); nutritional status (Mini Nutritional Assessment MNA??). The number
of medications at hospital admission and discharge and the Anti-Cholinergic Burden (ACB>*) were also collected. To
assess sarcopenia, Hand Grip (Kuptone dynamometer, model: EH101), MidArm Circumference (MAC), Mid-Thigh
Circumference (MTC), and Triceps Skin Fold (TSF) were performed. PU risk was also stratified according to the Braden
scale,'® performed by a trained geriatric nurse. Frailty status was classified as the positivity of at least 3 indicators that are
part of the CGA.

After imputing the missing data (<10%) through missForest,>>~°

we performed an univariate analysis using both
p<0.05 in the hypothesis test and AUC increment from a random choice (>10%) as measures of significance for each
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clinical variable.?” Then, logistic regression analysis and its stepwise form®® were carried out to deal with collinearity.
The final performance of the multivariate model was assessed by ROC curve estimation and AUC comparison with the
Braden scale; a threshold on the logistic score (0.5) with conventional accuracy estimates (sensitivity and specificity) was
used. Moreover, to assess the goodness-of-fit and to evaluate the calibration of the predictive models, the Hosmer—
Lemeshow statistical test was employed.”’

For the assessment of PU severity, the target clinical variable was defined according to the International NPUAP-
EPUAP Pressure Ulcer Classification System (I-IV),” and a multinomial logistic regression was performed. The low
numerosity of class III (11 patients) and IV (15 patients), forced us to merge them, operating on the following
classification: absence of PU; presence of grade I PU; presence of advanced grade PU (merged stages II-III-1V).

All analysis processes were cross-validated to avoid the risk of data overfitting and to produce reliable performance
estimates of the proposed method. The adopted procedure was the Leave-One-Out Cross-Validation (LOOCV>").

Results

Forty-eight percent of the participants (152 out of 316 patients) developed incident PU with different severity (stage
1 58%, stage II 25%, stage III 7%, stage IV 10%) and a prevalent female gender (56% of females, 38% of males). Based
on the Braden cut-off point of 19, 79% of patients were at risk of developing PU (248 individuals) but only 59% of them
(146 individuals) actually developed PU during in-hospital stay. This estimate showed that the Braden scale had high
sensitivity (0.96) but low specificity (0.38) in our frail and old age population.

Patients’ mean age was 85 + 7 years (ranging from 64 to 101 years) with 56% being oldest old (age 85 and older) with
advanced frailty status (82%, 260 out of 316), increased nutritional risk (MNA 13, IQR 9), higher disability (Barthel index
15, IQR 41), higher incident delirium (4AT 5/12, IQR 6) and polypharmacy (average number of drugs: 6, IQR 3) (Table 1).

Our results showed that older age (OR 1.53; 95% CI = 1.18-2.08), Braden’s subscale of mobility (OR 0.50; 95%
CI=0.32-0-78) and friction/shear (OR 0.52, 95% CI = 0.35-0.78), albumin (OR 0.67, 95% CI = 0.48-0.95), hemoglobin
(OR 1.44, 95% CI = 1.04-1.20), Barthel Index (OR 0.65, 95% CI = 0.43-0.96) and MNA (OR 0.49, 95% CI = 0.33—
0.72) were the main clinical predictors for the development of PU (AUC of 0.85, 95% CI 0.80-0.89, sensitivity 0.75,
specificity 0.79 with cut-off 0.5, as shown in Figure 1), compared to the Braden scale (Table 2).

Furthermore, MNA, Barthel index, 4AT screening test, and Braden scale (all sub-scales) were the main clinical
predictive variables for PU stage severity (AUC of 0.73, 95% CI 0.66—-0.78, sensitivity 0.81, specificity 0.65).

The calibration adequacy of the predictive models for PU development, the goodness-of-fit between the prediction
and the observed incidence of PU in the training group after cross-validation was evaluated. For the Braden scale, the
Hosmer-Lemeshow statistic yielded a value of 5.641, with a p-value of 0.1304, indicating suboptimal calibration of the

Table | Bivariate Analysis Comparing All Clinical Variables in Patients Who Developed PU and
Their Negative Counterparts

PU-(N=164, 52%) | PU+ (N=152, 48%) | AUC | p
Male Sex, Num (%) 75 (45) 46 (30) 0.098 | 0.005
Age, Median (Range) 85 (64,101) 87 (68,101) 0.093 | 0.004
Smoke Habit, Num (%) 47 (28) 28 (18) 0.068 | 0.035
Triceps Skin Fold 16 (11) 16 (10) 0.039 | 0.232
Mid-Arm Circumference 26 (5) 24 (6) 0.122 | <o0.001
Mid-Thigh Circumference 31 (6) 29 (5) 0.122 | <0.001
Hand Grip 9.3 (7.2) 5.6 (3.6) 0.208 | <0.001
Braden-Perception 3(1) 2 (I) 0.231 | <0.001
(Continued)
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Table | (Continued).

PU-(N=164, 52%) | PU+ (N=152, 48%) | AUC | p
Braden-Humidity 3(2) 382) 0.104 | 0.004
Braden-Physical Activity 33) I (I) 0.249 | <0.001
Braden-Mobility 3() 2(1) 0.261 | <0.001
Braden-Nutrition 3() 2(1) 0.212 | <0.001
Braden-Friction/Shear 2(I) 2 () 0.258 | <0.001
Albumin 51.6 (7.8) 48.7 (7.3) 0.136 | <0.001
Plasma Protein 6.4 (0.9) 6.3 (1.1) 0.076 | 0.024
Hemoglobin 11.8 (2.9) 11.6 (3.8) 0.019 | 0.557
Leukocyte Count 9.2 (4.6) 10.0 (7.2) 0.070 | 0.031
Creatinine 1.01 (0.59) 1.08 (0.84) 0.009 | 0.780
Lymphocytes Fraction 13 (12) 10 (12) 0.042 | 0.197
Plasma Glucose 121 (37) 123 (67) 0.028 | 0.392
CRP 2.2 (6.7) 4.7 (8.5) 0.098 | 0.003
Conley’s Scale 4 (3) 503) 0.154 | <0.001
IADL 3 (5) 0(2) 0.255 | <o0.001
Barthel Index 55 (55) 15 (41) 0.279 | <0.001
CIRS-Comorbidity Index 5(3) 5@3) 0.051 | 0.082
CIRS-Severity Index 2.15 (0.6) 2.23 (0.65) 0.054 | o.110
SPMSQ 44 3(4) 0.230 | <0.001
MNA 19 (8) 139 0.237 | <0.001
ACB Score 1 (2) 2(2) 0.075 | 0.019
N° Medication Pre-Hospitalization 6 (3) 6 (3) 0.005 | 0.859
N° Medication at Discharge 8 (3) 8 (3) 0.033 | 0.297
4AT 1 (5) 5 (6) 0.195 | <o0.001
Urinary Catheter Presence, Num (%) | 83 (50) 114 (75) 0.097 | <0.001

Notes: When not specified, data refer to each variable’s median (IQR). The bolded values indicate statistically significant results.
Abbreviations: IADL, Instrumental Activities of Daily Living; ACB, Anti-Cholinergic Burden; CFS, Clinical Frailty Scale; CIRS,
Cumulative lliness Rating Scale; MNA, Mini Nutritional Assessment; CRP, C-Reactive Protein.

model. Conversely, for our model, the Hosmer-Lemeshow statistic resulted in a value of 2.255, with a p-value of 0.5213,
suggesting better model adaptability.

Discussion

Despite being largely preventable, PU remains a significant concern among hospitalized frail older adults. Establishing
reliable models for early detection of PU risk is crucial for facilitating the implementation of risk-based prevention
strategies and dedicated care pathways aimed at reducing the disease burden.

1512

Dove!

Clinical Interventions in Aging 2024:19


https://www.dovepress.com
https://www.dovepress.com

Dove

Ottaviani et al

0.8

0.7

o ©
3 o
T T

True Positive Rate
o
D
T

03

0.1

Comparison of ROC curves

L 1

1 (AUC = 0.8596)

® 1 Model Operating Point
s 1 (AUC = 0.7524)

® 1 Model Operating Point

1 1 1 1

0 0.1 0.2

0.3

0.4 0.5

0.6 0.7 0.8 0.9

False Positive Rate

Figure | Comparison of ROC curves of two classifiers: Braden scale (dotted line) vs our multivariate model (solid line).

In our population, the in-hospital incidence of PU was 48%, significantly higher than those reported in previous

European studies.® This elevated incidence may be attributed to our unique demographic profile. In Italy, approximately

22% of the population is estimated to be elderly, with Genoa, located in the Liguria region, having the highest proportion

of oldest old individuals (aged 85 years and older).*

Table 2 Logistic Regression Coefficients and Odds for the
Prediction of PU Incidence

Variables p Odds Ratio | 95% CI p

Age 0.427 1.533 1.127-2.084 | 0.006
Braden mobility —0.685 | 0.504 0.324-0.784 | 0.002
Braden friction/shear | —0.653 | 0.520 0.349-0.776 | 0.001
Albumin —0.396 | 0.673 0.479-0.945 | 0.022
Hemoglobin 0.367 1.444 1.044-1.996 | 0.026
Barthel —0.435 | 0.647 0.425-0.985 | 0.046
MNA —0.714 | 0.490 0.332-0.723 | <0.001

Note: The bolded values indicate statistically significant results.
Abbreviation: MNA, Mini Nutritional Assessment.
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It is widely recognized that malnutrition, multimorbidity, and frailty independently increase the risk of PU develop-

ment in older adults. Additionally, older age>*~** 35,36

and poor nutritional status, as assessed by biochemical parameters
and mid-arm circumference, are associated with a heightened risk of PU. Similarly, conditions such as diabetes, stroke,
and advanced dementia®>’ consistently increase the risk of PU development. Elsorady et al identified associations
between the Charlson Comorbidity Index, diabetes mellitus, stroke/transient ischemic attack, dementia, incontinence,
chronic kidney disease, and PU development in hospitalized older patients.>” However, the higher prevalence of diabetes
among older adults®® may act as a clinical confounder when analyzing the association between age, multimorbidity,
and PU.

Currently, neither prevalent chronic diseases in individual patients nor single risk factors are sufficient to fully explain PU
development in older adults. This uncertainty may stem from the highly individualized degree of frailty, reflecting patients’
clinical complexity and complicating the establishment of a solid association between old age, multimorbidity, and PU.

So far, the lack of a standardized assessment for frailty hinders the identification of which real-world patients’ clinical
phenotypes may be more vulnerable to PU development, with worsened clinical outcomes. In line with that, Capon

et al,>’

previously underscored a meaningful association between functional decline (ADL score), cognitive decline, low
Braden score, and PU development. Similarly, Donini et al'? established an association between the incidence and
clinical progression of PU with the degree of frailty, measured through chronological age, cognitive, functional and
nutritional status. Although both these findings have the merit of embedding frailty into a wide plethora of PU risk
factors, the lack of a methodologically robust frailty assessment limits the generalization of the results.

To the best of our knowledge, our results moved a step forward towards the integration of a set of methodologically
robust frailty determinants into traditional risk assessment tools,'' supporting the mutual interplay between patients” frailty,
skin frailty and PU development in very old hospitalized patients. Specifically, older age, Braden scale (sub-scales of
mobility and friction/shear), albumin, hemoglobin, Barthel Index, and Mini Nutritional Assessment (MNA) emerged as
main predictors for PU development, whilst also 4AT test emerged as a possible predictive variable for PU stage severity.

On one hand, from the patient’s perspective, factors such as malnutrition, low albumin, and hemoglobin levels may
lead to reduced skin perfusion and hindered wound healing processes.*” At the same time, the presence of functional
decline may accelerate hypomobility, frailty, and disability. On the other hand, from the perspective of skin frailty,
impaired Braden’s subscales for friction and mobility may result from factors such as malnutrition, hypomobility, and
overall frailty, potentially culminating in overt skin failure.

Notably, delirium is a common geriatric syndrome that in our cohort of hospitalized elders relates to premorbid predisposing
conditions such as age and frailty, as well as to a set of precipitant risk factors such as immobility and malnutrition. Although the
interaction between an underlying predisposition and a superimposed acute stressor is key to delirium pathophysiology, it could
be hypothesized that delirium could trigger the ultimate skin failure, diminishing resilience in response to wound stressors and
accelerating both PU progression and frailty. Alternatively, it is widely acknowledged that the presence of delirium is strongly
linked to various adverse outcomes, including increased one-year mortality and disability.*' This correlation effectively explains
its influence on the severity of PU stages.

The results of the calibration analysis showed that our model demonstrates better goodness-of-fit than the use of the
Braden scale alone, although the performance of the latter was better than reported in previous works.**

The study’s limitations include the relatively small sample size, single in-hospital setting, and retrospective design, which
led to relatively incomplete PU prevalence rates before hospitalization. Moreover, the CGA was conducted as a single-point
assessment within 48 hours of hospitalization, limiting the ability to demonstrate whether delirium presence or its duration/
persistence could influence PU severity modulation and the individual’s frailty trajectory during the hospital stay.

The small sample size did not enable us to test more complex and powerful machine learning methods like ANN,*
requiring typically much more data than multivariate logistic regression to be trained effectively. Although non-linear
methods, including neural networks and boosting algorithms, hold tremendous promise for advancing our understanding
of PU and have already been widely used in the adult population.*”** Future research on PU should aim to refine the
application of such modern algorithms, incorporating essential variables derived from CGA. This approach will enhance

the accuracy and effectiveness of predicting PU in this population, requiring further exploration and validation.
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Conclusions
PU risk assessment in very old individuals presents low-certainty evidence regarding the efficacy of available ulcer risk
assessment tools in reducing both the incidence and severity when compared to risk assessment based on clinical judgment.

Furthermore, it remains uncertain whether aligning information obtained from clinical judgment and standardized
assessment tools positively influences PU development in frail older individuals. Additionally, it could be argued that
timely PU assessment serves as a preliminary step toward developing an effective care plan to mitigate the impact of
identified risk factors. Despite these uncertainties, the present findings endorse the strong predictive capability of
a structured clinical judgment based on a methodologically robust frailty stratification, incorporating Braden subitems,
within a hospitalized population of very old individuals.

The impact of interventions provided to these patients, such as devices, documented pressure care plans, referrals to
skin specialists or dieticians, and the multi-component model’s ability to predict one-year mortality, are ongoing
processes aimed at investigating patient outcomes and providing a foundation for future care implementation.

Further studies in other settings are warranted, as well as randomized trials in real-world old age populations;
hopefully, the latest frontier of machine learning methods will help fill this gap of knowledge™ in the future, establishing
whether undertaken risk assessment makes any difference to PU incidence even after adjusting for patients’ frailty.
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