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Purpose: A predictive model of community-acquired pressure injury (CAPI) was established and validated to allow the early 
identification of the risk of pressure injuries by family caregivers and community workers.
Patients and Methods: The participants were hospitalized patients 65 years and older from two branches of a tertiary hospital in China, 
one for model training set and the other for validation set. This study was a case-control study based on hospital electronic medical records. 
According to the presence of pressure injury at admission, patients were divided into a case group and a control group. In the model training 
set, LASSO regression was used to select the best predictors, and then logistic regression was used to construct a nomogram. The 
performance of the model was evaluated by drawing the receiver operating characteristic curve (ROC) and calculating the area under the 
curve (AUC), calibration analysis, and decision curve analysis. The model used a 10-fold crossover for internal and external validation.
Results: The study included a total of 20,235 subjects, including 11,567 in the training set and 8668 in the validation set. The 
prevalence of CAPI in the training and validation sets was 2.5% and 1.8%, respectively. A nomogram was constructed including eight 
variables: age ≥ 80, malnutrition status, cerebrovascular accidents, hypoproteinemia, respiratory failure, malignant tumor, paraplegia/ 
hemiplegia, and dementia. The AUC of the prediction model in the original model, internal validation, and external validation were 
0.868 (95% CI: 0.847, 0.890), mean 0.867, and 0.840 (95% CI: 0.807,03.873), respectively. The nomogram showed acceptable 
calibration and clinical benefit.
Conclusion: We constructed a nomogram to predict CAPI from the perspective of comorbidity that is suitable for use by non- 
specialists. This nomogram will help family caregivers and community workers with the early identification of PI risks.
Keywords: pressure ulcer, prediction model, community setting, aged, comorbidity

Introduction
Pressure injury (PI) is defined as damage to local skin and subcutaneous tissue caused by sustained pressure or pressure 
combined with shear force, often at bony prominence.1 PI often leads to a chronic wound that is difficult to heal and 
negatively affects the patient’s mental, physical, and quality of life, and even increases the patient’s risk of death, while 
expensive treatment costs increase the burden on healthcare resources.2,3 Pl has become a major global health problem.4

Based on the concept of PI, we know that external pressure and shear force are the causes of PI. Therefore, numerous 
studies has focused on how to use pressure relief devices to release or reduce pressure on local tissues, but this has not 
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eliminated PI, the occurrence of PI remains very prevalent worldwide. A systematic review reported that the prevalence of PI 
in hospital settings (Hospital-acquired pressure injury, HAPI), in the United States, Germany, and Asian countries was 3.1– 
30%, 1%–11.9%, and 2.7–16.8%, respectively.5 In community or home settings, the prevalence of PI (Community-acquired 
pressure injury, CAPI) was 3.3% to 11.1% based on a systematic review and meta-analysis.4 Obviously, decompression does 
not prevent all PI. Studies suggest that individual internal factors may act in concert with external pressure in the development 
of PI.6 However, the factors inherent in the individual are complex and not easily observed, which undoubtedly increases the 
difficulty of preventing PI. Nevertheless, studies on the etiology of PI have confirmed that internal factors characterized by 
comorbidities play an important role in the pathogenesis of PI.7 Therefore, it is meaningful to explore the internal relationship 
between comorbidities and PI to prevent the occurrence of PI.

A New England Medical Center study reported a steady decline in HAPI and an upward trend in CAPI over the past 
five years (From 2011 to 2015), where CAPI was more severe than HAPI.8 However, at present, most researchers pay 
greater attention to HAPI and less attention to CAPI.4

As the population ages, the prevalence of chronic diseases is increasing.9 Research shows that older adults living in the 
community with multiple chronic diseases are more susceptible to CAPI.10 In general, individuals rarely see a doctor for PI, and 
despite growing frailty, the elderly prefer to stay home until the depletion of the body’s reserves leads to an outbreak of some 
kind. Therefore, CAPI is not the main reason for admission, but rather an accompanying symptom of other diseases.6 A British 
study confirmed that 81% of CAPI patients lived at home before admission.11 This suggests a lack of awareness of early warning 
of CAPI. Reports that ignore early warning signs of PI have led to a decrease in quality of life.12 An Indonesian study confirmed 
that almost none of the PI participants received PI care from family members before hospitalization, although they lived with 
family members and other relatives.13 Another study from the Malaysian medical center reported that 11.1% of patients had PI 
before admission, of which 40% had stage 3 and 4 PI.14 Thus, early warning signs have not been taken seriously, the public often 
missed opportunities to intervene early to prevent ulcers from worsening in the home environment. Therefore, the family setting 
is the first environment to target to prevent the deterioration of PI, and the prevention of PI should start in the family. It is well 
known that not all PI can be avoided, early detection and stopping ulcer progression are achievable goals for most patients.14 

International Clinical Practice Guidelines (2019 edition) clearly state that identifying vulnerable people is the first step in 
reducing the development of PI.1 However, how to identify the risk of PI early is a challenge for community workers and family 
caregivers. To date, few studies have described a CAPI risk prediction model. Therefore, this study aimed at developing and 
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validating a predictive model suitable for nonprofessionals to predict the risk of PI in the community and in family settings, and to 
help community workers and family caregivers identify the risk of CAPI early and increase alertness to its occurrence.

Materials and Methods
Study Design and Population
This was a case-control study based on electronic hospital medical records. The study was registered with the China 
Clinical Trial Center (ChiCTR2200061661, reg. date: 2022/06/30). Participants in this study were patients aged 65 and 
older from two branches of Wuhan Third Hospital (Tongren Hospital of Wuhan University) in China, enrolled in 2019 and 
2021. All participants were residents of urban communities. A total of 22,534 inpatients were recruited from the Guanggu 
Branch and Shouyi Branch of this tertiary hospital. Finally, 20,235 subjects were included in the study, including 11,567 
subjects from the Shouyi Branch as the training set and 8668 subjects from the Guanggu Branch as the verification set.

The study complied with the requirements of the Ethics Guidelines for Medical and Health Research Involving 
Human Subjects and the Declaration of Helsinki (as revised in Brazil 2013). It was approved by the Ethics Committee of 
Wuhan Third Hospital (Tongren Hospital of Wuhan University) Ethics Committee (number KY2022-033). The study 
data were anonymous and therefore the requirement for informed consent was waived. The study followed Transparent 
Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis (TRIPOD) guidelines.15

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: all patients aged 65 years and older in 2019 (January - December) and 2021 
(January - December). Exclusion criteria were as follows: repeated hospitalizations, PI was not described or inconsistent 
(ICD-10 code was not recorded or did not match the nursing record, and remains unconfirmed after review) and HAPI 
(24 hours after admission, developed a pressure injury). The application of the inclusion and exclusion criteria is shown 
in Figure 1.

Figure 1 Flow diagram of the screening and enrollment of study participants.
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Data Collection
All data for this study were extracted from the hospital’s electronic medical record system. First, demographic information 
from patients, all discharge diagnoses, and the 10th revision of the International Classification of Diseases (ICD-10) codes16 

were extracted to establish an Excel database. Based on our previous research findings,17 reports in the literature, and clinical 
experience, we selected 16 candidate predictors related to CAPI, including sex, age, malnutrition, and malignant tumor, 
Cerebral infarction, hypoproteinemia, dementia, respiratory failure, hemiplegia/paraplegia, kidney failure, heart failure, liver 
failure, anemia, hypertension, diabetes, and chronic obstructive pulmonary disease. Finally, we extracted these data using the 
ICD-10 code. Two approaches were adopted to extract outcome variables, one was to use the PI ICD-10 code, and the other 
used the extraction of the PI from the nursing reporting system, and inconsistent descriptions were excluded.

CAPI and Measurement of Predictors
CAPI was confirmed according to the patient’s first nursing assessment record within 4 hours after admission. PI 
definitions, stages, and characteristics were based on the National Pressure Ulcer Advisory Panel in 2014 (current data 
available version).18 PI was divided into six different clinical stages:Stage 1 (Non-blanchable erythema), Stage 2 (Partial 
thickness), Stage 3 (Full-thickness skin loss), Stage 4 (Full-thickness tissue loss), Unstageable/unclassified (Full-thick-
ness skin or tissue loss—depth unknown), Suspected deep tissue injury (Depth unknown). The ICD-10 codes for stage 1- 
stage 4 pressure injury were L89.0-L89.3, Unstageable/unclassified and Suspected deep tissue injury were classified as 
stage 3–4 pressure injury. All comorbidities were diagnosed according to the ICD-10 criteria (see Table 1).

Statistical Analysis
All analyzes were performed with the statistical software package R version 3.3.2 (https://www.r-project.org/, The R 
Foundation) and the Free Statistics software package version 1.5. Two-tailed tests were performed, with p-values < 0.05 

Table 1 International Classification of Diseases (ICD-10) Coding of Predictors

Predictors ICD-10 Coding

Malnutrition E40.x00 E41.x00 E42.x00 E43.x00 E44.000 E44.100 E45.x00 E46.x00

Malignant tumor C00.000-C97.x01

Hemiplegia/Paraplegia G80.000-G83.901

Dementia F01-F03 G20.x02+F02.3* G30.000-G30.901

Respiratory failure J96.100 J96.900

Cerebrovascular accident I63.402-I64.x01

Hypoproteinemia E77.801

Kidney failure N18 N19

Heart failure I50.908 I50.000

Liver failure K72.900 K72.100 K74.607

Anemia D46.000-D46.400 D58-D64

Hypertension, E77.801

Diabetes E10.000-E11.900

COPD J44.900

Note: *Clinical manifestations of dementia. 
Abbreviations: COPD, chronic obstructive pulmonary disease; ICD-10, International Classification of Diseases.
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being considered statistically significant. Continuous variables are expressed as median (interquartile range [IQR]), and 
as percentages for categorical variables.

Three methods of best subsets regression (BSR), the forward stepwise regression (FSR), and least absolute shrinkage 
and selection operator regression (LASSO) regression19 were used to screen the optimal predictors. Then a binary 
logistic regression was established with optimal predictors as arguments and CAPI as a dependent variable. Finally, 
construct a nomogram model based on regression coefficients.

The discrimination of the nomogram model was assessed by the receiver operating characteristic curve (ROC) and 
calculate the area under the curve (AUC)). The calibration of the model was evaluated by calibration plot, to plot the 
relationship between the mean prediction probability, and the mean observation probability for five equally sized groups, 
and using the Hosmer–Lemeshow test for consistency between them. The clinical benefits of the model were determined 
using decision curve analysis (DCA). The internal validation of the model consisted of a 10-fold cross-validation with a 
training set and another independent cohort was used for external validation.

The sample size of the prediction model was determined by the ratio of the number of resulting events to the number 
of predictors that could be estimated, which was at least 10.20

Results
The study included a total of 20,235 subjects, including 11,567 in the training set and 8668 in the validation set. The 
prevalence of CAPI in the training and validation sets was 2.5% and 1.8%, respectively. The baseline characteristics of 
the two cohorts, including sex, age, and comorbidities, are shown in Table 2.

We first adopted LASSO regression to select optimal predictors. When the lambda optimal value was 0.006 (1 standard 
error of the minimum criteria), eight non-zero coefficient variables were retained (see Supplementary Figure 1A and B), 
including age ≥ 80, malnutrition, cerebrovascular accident, hypoproteinemia, respiratory failure, malignant tumor, para-
plegia/hemiplegia, dementia. We then used BSR to filter the variables of the minimum Bayesian Information Criterion 
(BIC) to be retained (see Supplementary Figure 1C and D), and the results were consistent with the LASSO regression. 
Furthermore, we also used the most common FSR to select predictors. Finally, 10 variables with a P value < 0.05 were 
retained. Chronic obstructive pulmonary disease, and hypertension were added in addition to the original 8 variables. We 
compared the AUC between the 8-variable model and the 10-variable model, which were 0.868 (95% CI: 0.847, 0.890) and 
0.873 (95% CI: 0.851, 0.895), P = 0.197, respectively (see Supplementary Figure 2). According to the rules of the 
prediction model, a sufficient degree of fitting is obtained with fewer parameters; therefore, we identified the 8 variables 
as optimal predictors and incorporated them into the logistic regression model. Finally, these predictors were confirmed as 
independent risk factors for CAPI (see Table 3).

The predicted probability of CAPI based on the regression coefficient can be calculated using the formula 1
1þe� LP , 

where LP (linear predictor) is equal to − 5.101 + 0.586 × age ≥ 80 + 1.846 × malnutrition + 0.806 × cerebrovascular 
accident + 0.784 × hypoproteinemia + 1.197 × respiratory failure + 1.576 × malignant tumor + 0.918 × hemiplegia/ 
paraplegia + 1.344 × dementia. Finally, the nomogram prediction mode is drawn based on R software (see Figure 2). The 
nomogram prediction model was constructed based on a weighted analysis of the regression coefficients of independent 
risk factors. The scores of each independent risk factor were calculated individually and the total scores were calculated. 
The corresponding value of the total score was the predicted probability of CAPI.

The AUC and the Brier score are used to evaluate the performance of the model, as shown in Table 4 and Figure 3. 
The AUC in the original model, internal cross-validation and external validation were 0.868 (95% CI: 0.847, 0.890), 
Mean 0.867, 0.840 (95% CI: 0.807, 0.873), respectively. Figure 4 shows that the calibration of the model has acceptable 
agreement, as shown by the Hosmer–Lemeshow test, training set (χ2 = 14.142, p = 0.078), verification set (χ2 = 9.119, p = 
0.332). A decision curve (see Figure 5) showed that the net benefits of the nomogram were significantly higher than those 
of the two extreme cases, therefore patients receive a net clinical benefit.

Discussion
The case-control study was based on electronic medical records obtained from a tertiary hospital in China, involving 
20,235 subjects. This study developed and validated a CAPI nomogram prediction model based on a new perspective, 
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Table 2 Baseline Characteristics Between Training Set and Validation Set

Variables Training Set (n=11,567) Validation Set (n=8668)

Without PI  
(n = 11,282)

With PI  
(n = 285)

Without PI  
(n = 8510)

With PI  
(n = 158)

Sex, n (%)
Female 5858 (51.9) 133 (46.7) 4191 (49.2) 72 (45.6)

Male 5424 (48.1) 152 (53.3) 4319 (50.8) 86 (54.4)

Age, Median (IQR) 74.0 (69.0, 81.0) 81.0 (74.0, 86.0) 72.0 (68.0, 78.0) 80.0 (74.0, 85.0)

Comorbidity

Malnutrition, n (%)

No 10,900 (96.6) 175 (61.4) 8327 (97.8) 117 (74.1)

Yes 382 (3.4) 110 (38.6) 183 (2.2) 41 (25.9)
Malignant tumor, n (%)

No 10,772 (95.5) 221 (77.5) 8269 (97.2) 144 (91.1)

Yes 510 (4.5) 64 (22.5) 241 (2.8) 14 (8.9)
Cerebrovascular accident, n (%)

No 8179 (72.5) 136 (47.7) 6163 (72.4) 102 (64.6)

Yes 3103 (27.5) 149 (52.3) 2347 (27.6) 56 (35.4)
Hypoproteinemia, n (%)

No 10,545 (93.5) 202 (70.9) 7949 (93.4) 110 (69.6)

Yes 737 (6.5) 83 (29.1) 561 (6.6) 48 (30.4)
Dementia, n (%)

No 11,015 (97.6) 240 (84.2) 8409 (98.8) 150 (94.9)
Yes 267 (2.4) 45 (15.8) 101 (1.2) 8 (5.1)

Hemiplegia/Paraplegia n (%)

No 11,025 (97.7) 254 (89.1) 8331 (97.9) 148 (93.7)
Yes 257 (2.3) 31 (10.9) 179 (2.1) 10 (6.3)

Respiratory failure, n (%)

No 10,920 (96.8) 234 (82.1) 8241 (96.8) 122 (77.2)
Yes 362 (3.2) 51 (17.9) 269 (3.2) 36 (22.8)

Kidney failure, n (%)

No 10,686 (94.7) 259 (90.9) 8173 (96) 153 (96.8)
Yes 596 (5.3) 26 (9.1) 337 (4) 5 (3.2)

Heart failure, n (%)

No 10,649 (94.4) 261 (91.6) 8226 (96.7) 154 (97.5)
Yes 633 (5.6) 24 (8.4) 284 (3.3) 4 (2.5)

Liver failure, n (%)

No 11,119 (98.6) 277 (97.2) 8460 (99.4) 158 (100)
Yes 163 (1.4) 8 (2.8) 50 (0.6) 0 (0)

Anemia, n (%)

No 10,135 (89.8) 239 (83.9) 7720 (90.7) 147 (93)
Yes 1147 (10.2) 46 (16.1) 790 (9.3) 11 (7)

Hypertension, n (%)

No 4540 (40.2) 160 (56.1) 3913 (46) 70 (44.3)
Yes 6742 (59.8) 125 (43.9) 4597 (54) 88 (55.7)

Diabetes, n (%)

No 8210 (72.8) 220 (77.2) 6729 (79.1) 120 (75.9)
Yes 3072 (27.2) 65 (22.8) 1781 (20.9) 38 (24.1)

COPD, n (%)

No 10,215 (90.5) 266 (93.3) 7949 (93.4) 149 (94.3)
Yes 1067 (9.5) 19 (6.7) 561 (6.6) 9 (5.7)

Abbreviations: COPD, chronic obstructive pulmonary disease; PI, pressure Injury.

https://doi.org/10.2147/CIA.S380994                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2022:17 1476

Zhang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


using comorbidities and age as predictors of PI. Finally, a nomogram prediction model was constructed, including eight 
predictors, and showed good discrimination, acceptable calibration, and clinical benefit.

Currently, a risk assessment scale is often used to screen vulnerable individuals, such as the Braden scale,21 Norton 
scale,22 and the Waterlow scale.23 Although each element of these scales is clearly defined for clinical use, these 
definitions are still abstract and are accompanied by strong subjectivity, and lack accurate measurement. Therefore, the 
correct use of these scales requires a certain professional knowledge and clinical experience, which is a challenge for 
non-professionals. However, the items contained on these scales may be symptoms or signs of comorbidities. Therefore, 
this study attempted to predict CAPI from the perspective of comorbidity. We identified predictors that are categorical 
variables that can be quickly and easily assessed. Comorbidities can be determined from the patient’s medical records. 
Therefore, the prediction model can be applied with conveniently available data, is simple to operate, does not require 
advanced professional knowledge, and is suitable for nonprofessionals to use.

According to the definition of PI, external pressure and shear forces are the direct causes of PI, but this alone is not 
sufficient to develop PI.6 Etiological studies of PI show that PI is not only an exogenous skin injury but also indicates an 
impairment of an individual’s organ function, which is a sign of weakness in the elderly.24 Research has confirmed that internal 
risk factors represented by comorbidity play an important role in the pathogenesis of PI.7 Our previous studies confirmed that 

Table 3 Association Between Predictors and Occurrence CAPI in Logistic 
Regression Mode

Predictors Estimate Adjusted OR (95% CI) P value

(Intercept) −5.101

Malnutrition 1.846 6.34 (4.71, 8.53) <0.01

Malignant tumor 1.576 4.83 (3.44, 6.8) <0.01
Cerebrovascular accident 0.806 2.24 (1.69, 2.96) <0.01

Hypoproteinemia 0.784 2.19 (1.61, 2.98) <0.01

Dementia 1.344 3.83 (2.57, 5.72) <0.01
Hemiplegia/Paraplegia 0.918 2.51 (1.58, 3.97) <0.01

Respiratory failure 1.197 3.31 (2.28, 4.8) <0.01
Age ≥ 80 0.586 1.8 (1.38, 2.34) <0.01

Abbreviations: CAPI, community-acquired pressure injury; OR, odds ratio; CI, confidence interval.

Figure 2 Nomogram to calculate the risk score and predict the probability of CAPI. By drawing an upward line from the corresponding values of the eight predictors in the 
figure to the “points” line, the sum of all these scores, plotted on the “Total points” line, corresponds to prediction of community-acquired pressure injury in the “risk of 
event” line.
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the Charlson Comorbidity Index is significantly correlated with CAPI.17 The Charlson Comorbidity Index is a combination of 
chronic diseases, similar to the predictors of this study. Thomas’ research suggests that a more comprehensive understanding 
of the unique intrinsic factors of individuals can lead to more effective interventions.6 Therefore, based on our existing studies, 
it is worthwhile to further explore the effectiveness of comorbidity in predicting CAPI.

Guidelines suggest that there should be a reasonable organic association between the risk factors identified by the 
model and the known etiology of PI. Coleman et al proposed a new conceptual framework for pressure ulcers (PU) that 
identified three direct causes of PU from epidemiological evidence and consensus studies, including immobility, skin /PU 
status, and poor perfusion.25 The Nomogram prediction model included eight predictors, namely age, malnutrition, 
cerebrovascular accident, hypoproteinemia, chronic respiratory failure, malignant tumor, paraplegia/hemiplegia, and 
dementia. Approximately 70% of PU patients are over 70 years old.26 Age-related skin changes may lead to loss of 
dermal vessels, elastic fibers, and subcutaneous fat in the skin, resulting in decreased skin resistance to stress and 
increased susceptibility to skin breakdown.27 Cerebrovascular accidents include stroke and cerebral infarction, and often 
result in mobility impairment and limitation of activity, and have been proven to be a risk factor for CAPI among the 
elderly in the community.28 Neurodegenerative diseases such as dementia, Alzheimer’s disease, and Parkinson’s disease 
may predispose to PU by causing changes in motor, sensory, autonomic, cognitive function, or behavior.29 A significantly 
higher prevalence of PU was observed in patients with advanced dementia compared with other comorbidities.30 

Malnutrition also affects immune and hormonal function, causes changes in the skin (epidermis, dermis), reduces 
subcutaneous tissue, and causes muscle atrophy, increasing vulnerability to PU.31 Nutrition and hydration play an 
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Figure 3 Receiver operating characteristic (ROC) curve of CAPI and predictors, constructed to evaluate the sensitivity and 1-specificity of predictors in the predict CAPI. 
(A) Training set, and (B) validation set.

Table 4 The Predictive Performance of the Final Prediction Model Based on 10-Fold Cross-Validation

Model Performance ROC (95% CI) Brier Score Hosmer-Lemeshow Test X-Squared P value

Original performance 0.868 (0.84.7,0.89.0) 0.022 14.142 0.078
Internal cross validation Mean 0.867 Mean 0.022

External Validation 0.840 (0.807,0.873) 0.017 (0.014,0.019) 9.119 0.332

Abbreviations: ROC, receiver operating characteristic curve; CI, confidence interval.
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Figure 5 Decision curves showing the clinical usefulness of the Nomogram prediction model. The abscissa represents threshold probability, the ordinate represents net 
benefit for patients. The horizontal line represents no clinical benefit for all patients without prediction and intervention. The gray line represents the clinical benefit of 
intervention for all patients, and the blue curve represents the clinical benefit of using the Nomogram prediction model.
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Figure 4 The calibration plot of the Nomogram prediction model. (A) Training set, and (B) validation set. The calibration plot demonstrates the relation between the 
predicted and observed CAPI rate, based on the mean predicted probability. The diagonal line represents the performance of an ideal model. The black dots represent the 
mean predicted probabilities observed (using 10-fold cross-validation). Points estimated below the diagonal line reflect over prediction, whereas points located above the 
diagonal line reflect under prediction.
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important role in preserving skin and tissue viability and supporting tissue repair processes for pressure ulcer healing.32 

Low albumin levels cause a drop in plasma colloid osmotic pressure, which allows fluid to penetrate from the blood 
vessels into the tissue spaces, leading to skin edema. Research shows that the association between low albumin levels and 
an increased risk of pressure ulcers may be due to a change in tissue tolerance, with fluid redistribution and the formation 
of edema.33 Chronic respiratory failure results in abnormal oxygenation. Chronic hypoxia leads to multiple organ 
dysfunction and metabolic disorders, often leading to dyspnea, fatigue, and reduced endurance in activity, which 
increases the risk of PI. Malignant tumor patients are often in a state of high catabolism and low anabolism, which 
results in the increased consumption of muscle tissue, leading to physical degeneration and malnutrition. Human activity 
is limited by consumed muscle tissue, increasing the risk of PI.34 Consistent with this study, a Chinese longevity and 
health survey found that cancer was an independent risk factor for pressure ulcers in older adults in the community.35 

Paraplegia and hemiplegia, which result in limited movement, often with impaired sensory perception, are well-known 
risk factors for PI. A study from a large outpatient record database in the United Kingdom using a similar study design 
used medical conditions as risk factors to assess the correlation between older adults developing a pressure ulcer in an 
outpatient setting. Age, malignancy, malnutrition, Parkinson’s disease, and cerebrovascular accidents were also found to 
be significantly associated with pressure ulcers,36 which is consistent with the predictors identified in our model.

We attempted to compare the performance of the model using multiple combinations of predictors. However, adding factors 
that failed the statistical test did not significantly improve the performance of the model. Only age, a continuous variable, was 
converted into a categorical variable to increase the calibration of the model. In addition, based on the LASSO principle, it is 
possible to avoid collinearity between predictors and the overfitting of the model. Therefore, our approach of reference of 
variable selection using Lasso was robust, striking a balance between model performance and variable interpretability.

It should be noted that the absence of comorbidities in the model does not mean that there is no associated risk of PI 
with conditions such as congestive heart failure, diabetes, chronic obstructive pulmonary disease, renal failure, liver 
failure, and anemia. This study is a prediction model generated by a computer; thus, the selected predictors are based on 
statistical significance, which merely indicates that they may have stronger predictive power than the absence of 
comorbidity. The study population was based on community and family settings, which means that participants’ health 
conditions did not require hospitalization. In other words, the participants’ comorbidities were not severe enough to 
require hospitalization. Therefore, this prediction model is suitable only for the prediction of CAPI, but not for HAPI. 
Additionally, this study only considered the influence of internal factors and lacked external factors, such as the skin 
state. Although this prediction model shows good discrimination, it still needs further optimization.

In addition, there are several limitations in this study. Firstly: the results of our study included stage 1 pressure injury. 
Since assessment of pressure injuries is based on visual observation, stage 1 pressure injuries may be underrecognized in 
patients with darker skin tones. Although nurses can identify stage 1 pressure injury based on skin temperature, sensation, 
and skin texture/firmness.37 There is still a lack of reliable measurement tools, which affects the accuracy of the results.

Secondly: in this study, we extracted data using the ICD-10 code, but the accuracy of the ICD-10 code was based on a 
doctor’s correct input diagnosis, a nurse’s correct record of pressure injury, and a coder’s accurate understanding of 
pressure injury. Errors at any point can affect the accuracy of the data, which is difficult to avoid completely.

Finally: pressure injury is always a measure of the quality of hospital care, and HAPI are considered an adverse event 
in care, so this can affect nurses’ objective reporting of pressure injury and may result in HAPI being recorded as CAPI, 
which can affect the accuracy of results. We therefore referred to the ICD-10 code.

The importance of the prediction model is not only to facilitate screening of a susceptible population, but also to adopt 
preventive strategies for risk factors. However, intervention on inherent factors is often difficult. It is encouraging that 
malnutrition and hypoproteinemia can be intervened using this prediction model. Therefore, this study suggests that improving 
nutritional status and correcting hypoproteinemia may reduce the risk of CAPI in older adults, which needs to be confirmed by 
further studies.

Conclusions
This study is the first to develop and validate a CAPI Nomogram prediction model. From the perspective of comorbid-
ities, it provides new ideas for the prediction of pressure injury. Achieved the possibility for non-professionals to predict 
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CAPI risk. The correlation between comorbidities and pressure injuries was further validated, which provided a research 
basis for further exploration of the role of individual internal factors in the formation mechanism of pressure injury.
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The data that support the findings of this study are openly available in “ResMan” at http://www.medresman.org.cn/ 
uploads/attachment/share/data/e094443e-f1cd-4f5e-8cef-eff07ecbf746.xls
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