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Abstract

Background/Objectives: Pressure injuries and falls are frequent hospital adverse events. Identifying
high-risk periods during hospitalization is essential for guiding effective prevention. In this study,
we aimed to estimate the time from hospital admission to the occurrence of pressure injuries and/or
falls and analyze its relationship with the nursing assessment at admission. Methods: A longitudinal
observational study was conducted with a systematic sample of 314 adult patients admitted between
January and May 2024. Survival analysis was performed to describe the temporal distribution of
adverse events and compare their occurrence across nursing assessment variables using the log-rank
test. Poisson Generalized Linear Models were applied to explore associated factors. Results: Fifteen
pressure injuries and four falls were recorded. Overall, 63% of these adverse events occurred within
the first five days of hospitalization. Patients with lower functional capacity (log-rank p<0.001) and
high-pressure injury risk (log-rank p<0.001) according to the VALENF Instrument were more likely
to acquire new pressure injuries. Similarly, fall risk scores (log-rank p=0.037) obtained with the same
instrument were associated with falls. Patients classified as high risk for pressure injuries showed a
nine-fold higher likelihood of developing new injuries (Wald x?, p < 0.001), while urgent admission
further increased this risk more than six-fold (Wald x2 p = 0.015). Conclusions: This exploratory
study highlights the value of early nursing assessment using the VALENF Instrument in identifying
high-risk patients and planning timely, individualized preventive care during hospitalization.

Keywords: nursing; accidental falls; pressure ulcer; nursing assessment; hospitalization;
survival analysis
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1. Introduction

Patient safety is a cornerstone of hospital care quality, given the range of risks that can
compromise it [1]. Safety issues in inpatient units are multifactorial and encompass various adverse
events, such as medication errors, healthcare-associated infections, pressure injuries, and falls [2],
with the latter two being the most common in hospital settings [3]. These problems extend beyond
the physical discomfort, harm, and potential long-term consequences they may cause to the affected
patients.

On the one hand, pressure injuries are associated with an increased risk of healthcare-associated
infections, prolonged hospital stays, pain, and disability [4]. These injuries have significant morbidity
and mortality [5], accounting for approximately 60,000 deaths each year in the United States alone
[6]. This represents a considerable additional cost for hospitals, which could be mitigated by
implementing appropriate preventive care [7]. On the other hand, patient falls during hospitalization
can have serious physical and psychological consequences. One in four falls results in injury, which
is severe in approximately 10% of cases [8]. Beyond physical harm, a fall can lead to fear, distress,
depression, and reduced physical activity in patients [9], thereby increasing healthcare costs and
contributing to deteriorating functional capacity [10]. Moreover, low levels of functional capacity are
associated with falls and with an increased risk of other adverse events, such as pressure injuries [11].

An appropriate nursing assessment enables the early identification of patients at higher risk of
developing falls or pressure injuries and the implementation of preventive measures that promote
patient safety [12]. To this end, validated assessment tools and clinical practice guidelines or protocols
are usually available in healthcare institutions [13,14]. However, beyond identifying patients at risk,
it is also essential to recognize the moment when these adverse events actually occur [15,16]. The
literature consistently describes risk factors associated with these events, depending on a patient’s
clinical condition [17], pharmacological treatment [18], and functional capacity [19,20]. Nevertheless,
most available studies are based on retrospective analyses or cross-sectional designs, which limit the
understanding of the dynamics and temporal component of falls or pressure injuries.

In this context, the VALENF Instrument is an innovative tool that facilitates nursing assessment.
This meta-instrument, composed of seven items, integrates the assessment of functional capacity, the
risk of developing pressure injuries, and the risk of falls in a more agile, simple, and parsimonious
way than the original instruments from which it derives, namely, the Barthel Index, the Braden Scale,
and the Downton Scale, respectively [21,22]. Its ability to comprehensively assess multiple risks
makes it possible to explore whether its outcomes can categorize patients throughout the
hospitalization process. Applying time-to-event analysis to its initial assessment may provide a
suitable framework for identifying critical periods of patient vulnerability related to each risk.

Identifying these periods, along with detecting patients at risk, can help nurses implement and
prioritize preventive measures. Therefore, the objective of this study was to estimate the time from
hospital admission to the occurrence of pressure injuries and/or falls and to analyze its relationship
with the nursing assessment at admission.

2. Materials and Methods

2.1. Design and Setting

An observational, longitudinal, and prospective study was conducted. The STROBE guidelines
for reporting observational studies were followed [26]. This study was carried out at Hospital
Universitario de La Plana in Vila-real (Spain), the reference center for the Health Department of La
Plana. The hospital has 258 beds and provides coverage for an approximate population of 190,000
inhabitants. Each year, the institution records around 11,000 admissions, 9,000 surgical interventions,
65,000 emergency visits, and 200,000 outpatient consultations.
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2.2. Participants and Sample

The study population consisted of patients admitted to the adult medical-surgical
hospitalization —units (Traumatology, Surgery/Gynecology, Cardiology/Gastroenterology,
Neurology/Pulmonology, General Surgery, Internal Medicine). Special services (such as intensive
care, emergency, operating room, and post-anesthesia care), home hospitalization, and maternal-
child and obstetric-gynecological hospitalization units were excluded.

All patients aged 18 years or older, with an expected hospital stay of more than 48 hours and a
nursing assessment completed within the first 24 hours after admission, were included in this study.
Inclusion required the patient’s explicit consent, formalized by signing an informed consent form.
The exclusion criteria were (i) patients admitted for care related to palliative processes and (ii)
patients transferred from other units or hospitals, as it was not possible to obtain their assessments
within the first 24 hours after admission.

Regarding the sample size, this study was derived from a secondary objective and was part of a
larger project primarily designed to determine the diagnostic accuracy of the VALENF Instrument
[23]. Therefore, the same cohort of patients as in the diagnostic test study was used. The sample size
was estimated at 280 participants using the Epidat program (version 4.0), based on a comparison of
paired proportions. Specifically, pressure injuries were considered the main outcome, and the
prevalence of 8.7%, as reported in Spanish hospitals by Pancorbo-Hidalgo et al. [24], was used as a
reference. An expected sensitivity and specificity of 90% for the VALENF Instrument, a 95%
confidence level, 80% power, and a 10% replacement rate were assumed, resulting in an estimated
sample size of 280 participants. Recruitment was carried out using systematic sampling, including all
patients admitted every five calendar days to the participating hospitalization units.

2.3. Variables

The nursing assessment results obtained using the VALENF Instrument were collected [21,22].
This meta-tool, including seven items, integrates the assessment of functional capacity, the risk of
pressure injuries, and the risk of falls and has demonstrated adequate structural validity, internal
consistency, and inter-observer reliability [22]. In addition, sociodemographic variables (age and sex)
were collected, as well as variables related to the care process, such as type of process (medical or
surgical), type of admission (emergency or scheduled), hospitalization unit (Traumatology,
Surgery/Gynecology, Cardiology/Gastroenterology, Neurology/Pulmonology, General Surgery,
Internal Medicine), and main diagnoses according to the International Classification of Diseases, 10th
Revision (ICD-10-CM, 2024) [25]. Based on these diagnoses, the Charlson Comorbidity Index was
calculated [26,27].

Regarding the events of interest, the presence of a pressure injury at admission (yes/no) was
recorded, as well as whether the admission was due to a fall (yes/no). Similarly, information was
collected on the implementation of preventive measures for falls and pressure injuries
(yes/no/unconfirmed). For the outcome variables, if a pressure injury or a fall was identified during
follow-up, the exact date of the event was recorded, allowing us to calculate the number of days from
hospital admission to the occurrence of the first clinical event.

2.4. Data Collection

Data collection was carried out between January and May 2024. Members of the research team
and clinical nurses from the different units that agreed to participate in this study took part. Before
data collection, training sessions were conducted with the professionals involved to ensure the
consistency and validity of the information collected. These sessions focused on the data collection
form and the software used to enter information into the electronic data capture system (Research
Electronic Data Capture—REDCap) [28]. In addition, a 15-day pilot period was established to
validate the data collection procedure and identify potential issues.
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Participants were recruited periodically, every five calendar days, including only patients
admitted within the previous 24 hours. Subsequently, the patients were reassessed every five days
until hospital discharge, at which point the final data collection was performed.

Sociodemographic and care-related variables were recorded only at baseline, whereas nursing
assessments using the VALENF Instrument, along with variables related to the occurrence of
pressure injuries and falls and the implementation of preventive measures, were collected at baseline,
during periodic reassessments, and at the final evaluation upon discharge.

2.5. Data Analysis Procedures

A descriptive analysis of the study sample was performed according to the nature of each
variable. Categorical variables were summarized using absolute and relative frequencies, whereas
continuous variables were described using the mean and standard deviation. Following this initial
analysis, the cumulative incidence and incidence rate of pressure injuries and falls were estimated
globally and by unit, according to sociodemographic variables, care-related variables, and functional
capacity. To categorize age and functional capacity, a cluster analysis was conducted to group the
sample into homogeneous subgroups. First, an exploratory analysis was performed using the
hierarchical (Ward’s) method to identify the most appropriate number of clusters, followed by the k-
means method to define the boundaries of each group. For the incidence rate, the duration (in days)
of each care process was considered as the time at risk for developing any of the adverse events under
study.

Secondly, a survival analysis was performed using the nonparametric Kaplan—-Meier method.
This analysis was used to explore the temporal evolution of pressure injuries and falls throughout
the hospitalization period. Subsequently, survival curves for each event were compared according to
the categorical variables included in this study using the log-rank test. Finally, to assess the
association between functional capacity, the risk of pressure injury, and the risk of falls with the
incidence of adverse events during hospitalization, Generalized Linear Models (GLMs) with a
Poisson distribution and a logarithmic link function were fitted.

The dependent variables were the number of pressure injuries and the number of falls observed
during hospitalization. The logarithm of the observation time (in days) was included as an offset term
to adjust the estimates for exposure time. Given the limited number of events (15 pressure injuries
and 4 falls), all models were considered exploratory in nature, that is, aimed at assessing the effect of
predictive factors on the occurrence of the events of interest rather than at individual prediction.

Potential covariates were selected using bivariate analyses (p < 0.20) and theoretical relevance
[29]. Covariates that met these criteria were subsequently evaluated using the change-in-estimate
criterion, considering any variable whose inclusion modified the coefficient of the main predictor by
>10% as a confounding variable (on the logarithmic scale) [29]. These cut-off points are commonly
used in exploratory multivariate analyses, as they help reduce residual confounding and improve
model interpretability [30].

For each model, a Type III test of effects was calculated to assess the partial contribution of each
covariate after adjusting for the others, using the Likelihood Ratio Chi-square test. In addition, B
coefficients, incidence rate ratios (IRRs), and their corresponding 95% confidence intervals were
estimated, disaggregated by the category of each variable, taking the lowest-risk category as the
reference. This approach allowed for identifying the magnitude and direction of the effect of each
covariate level on the incidence rate of the events, within an exploratory framework adjusted for
exposure time. The scale parameter was estimated from the data using the deviance-based method
to account for potential overdispersion in the count of adverse events. This approach provides more
robust standard errors without affecting the direction or magnitude of incidence rate ratios.

Statistical analyses were performed using SPSS software, version 29.0.1.0 (IBM, Armonk, NY,
USA), with a significance level set at p < 0.05.
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2.6. Ethical Considerations

This study was designed in accordance with Organic Law 3/2018 of December 5, on Personal
Data Protection and Guarantee of Digital Rights (Government of Spain, 2018), and with Regulation
(EU) 2016/679 of the European Parliament and of the Council of April 27, 2016, on the protection of
natural persons (European Parliament and Council of the European Union, 2016).

This study was authorized by the hospital management and approved by the Research Ethics
Committee of Hospital Universitario de La Plana (code VALENF. 20/06/2023). All the participants
received detailed information about the objectives and procedures of this study, as well as their rights
to access, rectification, and withdrawal, without any impact on their clinical care. Then, the
participants were given an informed consent form to sign before their inclusion in this study.

3. Results

3.1. Descriptive Analysis of the Sample

A total of 365 participants were initially recruited. However, six of them (1.7%) were excluded
because they lacked the cognitive capacity to sign the informed consent form and did not have a legal
representative who could do so on their behalf. In addition, two participants (0.5%) were excluded
because they were in a terminal condition. Moreover, 41 participants (11.2%) were excluded because
they remained hospitalized for less than 48 hours, and another 2 (0.5%) were excluded because they
voluntarily decided to withdraw from the study. Consequently, the final sample consisted of 314
participants (86%). The mean length of stay was 7 days (SD = 5.6; median, 6 days). The minimum stay
was 3 days, and the maximum was 39 days.

Table 1 presents a descriptive analysis of the sample according to sociodemographic and clinical
variables, as well as their relationship with the occurrence of pressure injuries and/or falls during
hospitalization. The sample consisted of 51% men (n = 160). A total of 49.7% (n = 156) of the
participants were aged between 75 and 98 years. Surgical processes predominated (83.4%; n = 262),
as did emergency admissions (93.6%; n = 294). The hospitalization units that contributed the most
participants to the sample were the Traumatology unit (24.2%; n = 76) and the
Neurology/Pulmonology unit (23.6%; n = 74). Nearly half of the participants (47.8%; n = 150) were
independent or mildly dependent at admission, whereas 69.7% (n = 219) presented a high level of
comorbidity according to the Charlson Comorbidity Index.

Table 1. Sociodemographic and clinical characteristics of the sample and their relationship with pressure injuries

and/or falls observed during hospitalization (n=314).

Global Pressure injuries Falls
%(n)? CI (n)? ID3 CI (n)? ID3
100 (314) 4.8 (15) 7 1.3 (4) 2
Sex
Male 51 (160) 3.1 (5) 5 1.9 (3)
Female 49 (154) 6.5 (10) 4 0.6 (1) 1
Age
19-51 years 13.4 (42) 0(0) 0 0(0) 0
52-74 years 36.9 (116) 4.3 (5) 6 1.7 (2) 2
75-98 years 49.7 (156) 6.4 (10) 10 1.3 (2) 2
Process type
Medical 83.4 (262) 4.2 (11) 6 1.1 (3) 2
Surgical 16.6 (52) 7.7 (4) 12 1.9(1) 3
Admission type
Scheduled 6.4 (20) 10 (2) 17 0 (0) 0
Emergency 93.6 (294) 4.4 (13) 6 1.3 (4) 2

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Hospitalization unit
Traumatology 24.2 (76) 5.3 (4) 8 0 (0) 0
Surgery/Gynecology 16.6 (52) 5.8 (3) 8 5.8 (3) 8
Cardio/Gastroenterology 9.9 (31) 0(0) 0 0 (0) 0
Neuro/Pulmonology 23.6 (74) 6.8 (5) 9 0 (0) 0
General surgery 17.5 (55) 3.6 (2) 6 1.8 (1) 3
Internal medicine 8.3 (26) 3.8(1) 5 0 (0) 0
Barthel index categories at admission
Slight (80-100) 47.8 (150) 0.7 (1) 1 0) 0
Moderate (35-75) 26.4 (83) 3.6 (3) 5 2.4(2) 3
Severe (0-30) 25,8 (81) 13.6 (11) 19 2.5(2) 3
Charlson Index
Absence (0-1) 21.7 (68) 29(2) 4 0 (0) 0
Low (2) 8.6 (27) 3.7(1) 6 0 (0) 0
High (=3) 69.7 (219) 5.5 (12) 8 1.8 (4) 2
Pressure injury on admission
1.0 (3) 33.3(1) 91 0 (0) 0
Admission motivated by fall
0.3 (1) 0(0) 0 0(0) 0
Preventive measures for pressure injuries
Applied 32.5(102) 8.82(9) 13
Not Applied 54.5 (171) 3.51 (6) 5
Unconfirmed 13.1 (41) 0(0) 0
Preventive measures for falls
Applied 79 (248) 1.61 (4) 2
Not Applied 19.1 (60) 0(0) 0
Unconfirmed 1.9 (6) 0 (0) 0

Percentage by column (sample); 2percentage cumulative incidence (sample); *incidence density
per 1000 person-days

Regarding pressure injuries, three patients were admitted with an active lesion, one of whom
developed a new injury during hospitalization. In total, 15 pressure injuries (4.8%) were recorded
throughout the hospital stay. The injuries occurred mainly in women (n = 10) and in the age group
between 75 and 98 years (n = 10). Incidence was also higher among patients who underwent medical
processes (n = 11) and those admitted as emergencies (n = 13). By unit, the highest numbers were
observed in Neurology/Pulmonology (n =5) and Traumatology (n =4). Preventive measures to avoid
pressure injuries were implemented in 32.5% (n = 102) of the patients upon hospital admission.
Despite this, nine of these patients developed a pressure injury during their stay. Regarding incidence
density, expressed as the number of events per 1,000 person-days, the highest rate was observed
among patients with severe dependence at admission (19 cases per 1,000 person-days).

Regarding falls, four events (1.3%) were recorded during hospitalization, all in patients admitted
as emergencies. Most falls took place among men (1.9%; n = 3). The incidence of falls was higher in
medical processes (1.1%; n = 3). By unit, falls occurred mainly in the Surgery/Gynecology unit (5.8%;
n = 3). Regarding preventive measures, 79% (n = 248) of the patients received interventions aimed at
preventing falls. The incidence density of falls was concentrated in surgical units, particularly in the
Surgery/Gynecology unit (8 cases per 1,000 person-days).

3.2. Bivariate Analysis of Time-to-event outcomes (Pressure Injuries and Falls)

Figure 1 shows the survival curves corresponding to the occurrence of pressure injuries (graphs
A-E) and falls (graphs F-J) from hospital admission, according to the patients’ initial assessments.
The ordinate axis represents the cumulative probability of the event (pressure injury or fall) not
occurring, whereas the abscissa axis represents the number of days from hospital admission until the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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event occurred or until discharge. Each drop in the curve reflects the occurrence of an event (pressure
injury or fall) in proportion to the number of patients at risk at that time. As shown, pressure injuries
occurred ondays2,2,2,3,3,3,4,4,4,4,5,9,9,9, and 32 (Figure 1A), while falls occurred on days 4,
9,11, and 17 after admission (Figure 1F). Therefore, 63.16% of all the adverse events (n=12) occurred
within the first five days of hospitalization. Patients discharged without a pressure injury (95.2%, n=
299) or a fall (98.7%, n = 310) are represented as censored cases, marked by perpendicular lines along
the curve trajectory. Additional analyses for age, sex, type of admission, type of process,
hospitalization unit, and comorbidity (Charlson Comorbidity Index) showed no statistically
significant associations (p > 0.05) with the development of either pressure injuries or falls.

Table 2 presents the descriptive data corresponding to the curves shown in Figure 1. Specifically,
regarding pressure injuries, a significant association was observed between functional capacity at
admission and the occurrence of pressure injuries (p < 0.001). In particular, 86.7% (n = 13) of the
identified pressure injuries occurred in patients with severe dependence, with a median onset around
the fourth day of hospitalization (Figure 1B). Among the pressure injuries that developed during
hospitalization, the VALENF Instrument identified 66.7% (n = 10) of the patients as being at high risk
of developing a pressure injury, whereas 20% (n = 3) were classified as not at risk (Figure 1C, p <
0.001). Moreover, 73% (n = 11) of the injuries occurred in patients who had no pressure injuries at
admission, whereas among those who already had one at admission, 16% (n = 4) developed a new
lesion during hospitalization (Figure 1D, p = 0.001). Regarding preventive measures, 40% (n = 6) of
the pressure injuries occurred in patients for whom no preventive interventions were implemented
from admission, and these appeared during the first week of hospitalization. Nevertheless, among
the patients who received preventive measures from the first assessment, 8.8% (n =9) developed a
pressure injury (Figure 1E, p = 0.039).
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Figure 1. Kaplan-Meier survival curves for time-to-event outcomes (pressure injuries and falls) according to the

results of the nursing assessment.

Similarly, as shown in Figure 1B, even patients with moderate dependence developed pressure

injuries during prolonged hospitalizations, particularly after the 30th day of admission. Likewise,

Figure 1C shows that some patients developed pressure injuries despite not presenting an apparent

risk at admission, underscoring the importance of continuous reassessment.
Only four fall events were identified during follow-up (Figure 1F). Of these, three occurred in
patients with severe dependence at admission (Figure 1G, p = 0.390) and in those classified as being
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at high risk of falls according to the VALENF Instrument assessment (Figure 1H, p = 0.037). In both
cases, the median time to fall was eleven days. None of the events occurred in patients admitted due
to a previous fall (Figure 11, p = 0.643), and all falls (n = 4) occurred in patients for whom fall-
prevention measures were implemented from hospital admission (Figure 1], p = 0.743).

Table 2. Comparative survival analysis of time-to-event outcomes (pressure injuries and falls) according to
the results of the nursing assessment using the Kaplan-Meier method and log-rank test.

Events Censored
Pressure injuries L o,  media range L o2 ;
n o s (IOR)* n Yo P
VALENF Instrument—Functional capacity <0.001
Severe dependence 13 0.7 4 7(5) 101 99.3
Moderate dependence 1 1.6 32 -(-) 61 98.4
Low dependence 1 0.7 4 -(-) 137 99.3
VALENF Instrument—Pressure injury risk <0.001
High risk 10 15.6 3.5 7(2) 54 84.4
Moderate risk 2 34 6 6(-) 56 96.6
No risk 3 1.6 9 28(-) 189 98.4
Presence of pressure injury on admission 0.001
Yes 4 16 2.5 2(2) 21 84
No 11 3.8 4 30(6) 278 96.2
Preventive measures for pressure injuries 0.039
Yes 9 8.8 4 7(7) 93 91.2
No 6 3.5 3.5 30(9) 165 96.5
Unconfirmed - - - - 41 100
Events Censored
Falls L o,  media range § /2 .
n Yo e (IQR)4 n Yo P
VALENF Instrument —Functional capacity 0.390
Severe dependence 3 2.6 11 8(-) 111 97.4
Moderate dependence 1 1.6 4 -(-) 61 98.4
Low dependence - - - -(-) 138 100
VALENF Instrument—Fall risk 0.037
High risk 3 4.6 11 8(-) 62 95.4
Moderate risk 1 1 4 -(-) 100 99
No risk - - - -(-) 148 100
Admission due to a fall 0.643
Yes - - - - 25 100
No 4 14 10 13(10) 285 98.6
Preventive measures for falls 0.743
Yes 4 1.6 10 13(10) 244 98.4
No - - - -(-) 60 100
Unconfirmed - - - -(-) 6 100

1Absolute frequencies; *relative frequencies; Sestimate of the day on which the events take place
(median); *‘Min-Max Range (interquartile range); *log-rank (Mantel-Cox)
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3.3. Multivariate Analysis of Event Incidence Rates (Pressure Injuries and Falls)

Poisson Generalized Linear Models (GLM) were fitted to estimate the incidence rate of new
pressure injuries and in-hospital falls. The following tables (Tables 3 and 4) present the results of
these models, including the Type III Likelihood Ratio Chi-square tests, which were used to assess the
overall contribution of each predictor or covariate to the model, and the parameter estimates (B
coefficients), which quantify the effect of each category relative to the reference group. The incidence
rate ratio (IRR = Exp(B)) expresses the multiplicative change in the expected event rate associated
with each category, where values greater than 1 indicate an increased incidence rate and values below
1 indicate a decreased incidence rate. Confidence intervals (95% Cls) were computed for each IRR to
assess the precision and statistical significance of the estimates. The intercept represents the estimated
baseline incidence rate for the reference categories of all predictors, serving as the model’s reference
level for comparison.

For pressure injuries (Table 3), four generalized linear Poisson models were fitted. Two models
used functional capacity as the main predictor (a base model and a model adjusted for pressure ulcer
on admission), and two models used pressure injury risk as the main predictor (a base model and a
model adjusted for type of admission). To ensure model convergence and interpretability, both
predictors were dichotomized. In both cases, the most stable estimations were obtained by including
one main predictor adjusted for one covariate, rather than using the base models.

As a preliminary step, a base Poisson model including only the main predictor was fitted
without covariates. In this base model, patients with severe functional dependence showed a
markedly higher incidence rate of new pressure injuries compared with those with no or mild
dependence (IRR = 10.38; 95% CI: 2.40-44.98; p = 0.002). When pressure injury on admission was
added as a covariate, the association between severe functional dependence and incident pressure
injury remained statistically significant, although the effect size was attenuated by 13.48% relative to
the base model, suggesting that this covariate may act as a potential confounder. The adjusted
specification yielded a lower AIC and a higher omnibus x? indicating a comparatively better fit.
Considering these results, the adjusted model was retained as the preferred specification. Thus,
patients with severe functional dependence had almost a ninefold higher incidence of developing a
new pressure injury during hospitalization (Table 3).

Table 3 also presents a second pair of models in which high pressure injury risk (yes/no) was
used as the main predictor. A base Poisson model including only this predictor was first fitted
without covariates. In this unadjusted model, patients classified as being at high risk had a 7.44 times
higher incidence rate of new pressure injuries than those at moderate or lower risk (IRR = 7.44; 95%
CI: 2.54-21.81; p = 0.001). When the type of admission (urgent vs. scheduled) was introduced as a
covariate, the association remained significant and the IRR for high risk increased to 9.83 (95% CI:
2.95-32.80; p <0.001), representing a 32.1% change relative to the base model. In the adjusted model,
urgent admission was itself significantly associated with pressure injury incidence (IRR = 6.37; 95%
CI: 1.44-28.25; p=0.015). Including this covariate improved the overall model fit (AIC decreased from
123.47 to 121.85; omnibus x?2 increased from 10.76 to 13.46), and the adjusted specification was
therefore retained as the preferred model (Table 3). Thus, patients classified as being at high risk of
pressure injury had almost a tenfold higher incidence of developing a new lesion during
hospitalization, and urgent admission was independently associated with a sixfold higher incidence.

Table 3. Generalized Linear Models (Poisson regression) for pressure injury incidence according to functional capacity and pressure
injury risk (VALENF Instrument).

(LRT x% df; p)* B2 (Wald x% df; p)? IRR (95% CI)*
Predictor variable: functional capacity (VALENF Instrument)
Tntercept  (2777.94; 1;<0.001) 649  (87.79; 1; <0.00I) __ 0.002 (0.000 - 0.006)

Functional Severe dependence (10.47; 2; 0.005) 2.34 (9.79; 1, 0.002) 10.38 (2.4 - 44.98)
Capacity Moderate or low dependence 0
(base model) Scale parameter 1.319
Model summary AIC =122.77; Omnibus Chi-square = 11.36 (df =1, p <0.001).
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Intercept  (3121.23;1;0.001)  -4.350 (11.55; 1; 0.001) 0.01 (0.001 - 0.159)

Functional
c it adiusted Severe dependence (9.59; 1; 0.002) 2.195 (8.63; 1; 0.003) 8.98 (2.08 - 38.86)
apacity a .]us € Moderate or low dependence 0 1
for covariate: Pressure injury on admission  (2.27;1;0.132)  -1.108  (3.44; 1;0.064) 0.33 (0.102 - 1.066)
pressure mjury on Scale parameter 1.286
admission Model summary AIC = 121.85; Omnibus Chi-square = 13.92 (df =2, p < 0.001).
(LRT x% df; p)? B2 (Wald x% df; p)? IRR (95% CI)*
Predictor variable: risk of pressure injury (VALENF Instrument)
P — . Intercept  (2oU9.43; I; <0UUI)  -5.825 (176,28, 1, <UUUL)  U.UU3 (U.U0T - U.UU7]
ressure mjury High risk of pressure injury  (10.76; 1; <0.001) 2.007 (13.39; 1; <0.001) 7.44 22.54 - 21.81)
risk Moderate Or risk otb%g?gsgglgauﬂ&g Y
(base model) Model summary AIC = 123.466; Omnibus Chi-square = 10.76 (df =1, p =0.001)
— Imtercept  (2490.4; I,<0UUI)  -7.98Y  (46.63; I, <U.UUI]  U.UUU (U.UUUU34-U.UU3)
Pressure mjury High risk ot pressure mjury (12.5;1; <u.vul) 2.285 Elé.éz; L <U.UU1; Y.83 (£.Y5-32.8U)
) ) Mloderate Or risK Ot pressure mjury ‘ v v Y .
risk adjusted for Urgent admission (2.69; 1; U.1U1) 1.851 (5.93; 1; U.U15) 6.3/ (1.44-28.25)
Stale parameter 1.35U
covariate: del ] ]
Admission type Model summary AIC =121.85; Omnibus Chi-square = 13.46 (df =2, p =0.001).

!(Likelihood Ratio Chi-square test; degrees of freedom; p-value); 2B coefficient; 3(Wald Chi-square test; degrees of freedom; p-value);
4incidence rate ratio (95% confidence interval)

Finally, Table 4 presents the Generalized Linear Model (GLM) with a Poisson distribution and a
log link function fitted to estimate the association between fall risk at admission and the incidence of
in-hospital falls. The predictor was entered as a three-level categorical factor (low [reference],
moderate, and high risk). Given the very small number of events (n =4), no covariates were included.
The model showed an acceptable overall fit (Omnibus x2(2) = 8.699; p = 0.013). Compared with
patients classified as low-risk, those categorized as moderate- and high-fall-risk presented lower
observed incidence rates of falls (IRR = 0.817; 95% CI: 0.678-0.983; p = 0.032 and IRR = 0.808; 95% ClI:
0.650-1.004; p = 0.055, respectively). All recorded falls occurred in patients who already had fall-
prevention interventions implemented at admission, suggesting that the observed IRRs may reflect
preventive action already initiated rather than the underlying baseline risk.

Table 4. Generalized Linear Models (Poisson regression) for fall incidence according to fall risk (VALENF

Instrument).
2. .
(LRT x% df; p)! B (Walf))’f'df' IRR (95% CI)*
Predictor variable: fall risk (VALENF
Instrument)
tercept GG 1is CSWG) 031027:039)

HIgN 1Al 1Sk (87:2:0.013) 513 (3.69;1;0.055) 0.808 (0.65-1.00)

Moderate tall risk 0303 (4.58;1;0.032) 0.817 (0.68-0.98)
v 1

Low ftall r1sK
Scale parameter U.761

Model summary Omnibus Chi-square = 8.699 (df =2, p =0.013).

!(Likelihood Ratio Chi-square test; degrees of freedom; p-value); ?B coefficient; 3(Wald Chi-square test; degrees
of freedom; p-value); ‘incidence rate ratio (95% confidence interval)

4. Discussion

The results of this study contribute to understanding when and under what conditions pressure
injuries and falls most frequently occur during hospitalization, as well as which factors are most
closely associated with their occurrence. This knowledge may serve as a basis for refining the timing
and intensity of preventive interventions.

In this regard, the initial nursing assessment using the VALENF Instrument showed the most
consistent association with the occurrence of pressure injuries and falls during hospitalization.
Functional capacity, risk of pressure injuries, and risk of falls, as assessed through the VALENF
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Instrument, showed a significant relationship with the incidence of adverse events, supporting its
usefulness as a nursing assessment tool in clinical practice.

It was also observed that most adverse events were concentrated within the first five days after

hospital admission, consistent with previous research [19]. This pattern does not seem to be explained
solely by the length of stay, which averages around 6.5 days in acute care hospitals in Spain
(maximum: 10.53; minimum: 4.33) [31], but rather suggests the existence of an initial period of
particular clinical vulnerability. This finding reinforces the importance of appropriate nursing
assessments at the beginning of hospitalization to distinguish between different patient risk profiles
[17,19], thereby facilitating the implementation of preventive strategies from the time of admission
in patients identified as being at high risk [32,33].
In this context, the close relationship observed between clinical deterioration and the occurrence of
adverse events is consistent with the literature on hospitalization-associated disability (HAD), which
indicates that functional decline may begin at very early stages of the hospital stay, even within the
first 24 hours [34,35], reinforcing the need for preventive interventions from the onset of care.
However, it is noteworthy that all patients who experienced a fall, and the vast majority of those who
developed pressure injuries, were already receiving preventive measures aimed at avoiding these
adverse events. While this finding suggests an appropriate identification of risk in these patients, it
also raises questions about the suitability and effectiveness of the safety measures implemented
[36,37]. This lack of effectiveness underscores the need for large-scale trials with a robust
methodological design to determine the efficacy of the preventive interventions currently in use
[8,38].

Among the factors associated with the occurrence of pressure injuries, functional capacity stands
out as a key determinant: the lower the functional capacity, the higher the likelihood of developing
pressure injuries, in agreement with previous research [19]. This finding aligns with the fact that
reduced mobility increases the duration of sustained pressure on vulnerable body areas, limits the
ability to respond to physical discomfort, and decreases the effectiveness of certain preventive
interventions [39,40]. Moreover, functional dependence reflects a general state of greater clinical
deterioration and frailty, consolidating a profile of high vulnerability to pressure injuries [41].

The presence of pre-existing pressure injuries at admission was also significantly associated with
the development of new lesions during hospitalization, suggesting that pre-existing injuries may
serve as a marker of skin fragility and persistent vulnerability [42,43]. These patients, therefore,
require more thorough and individualized care to prevent further deterioration [43]. However, when
this variable was included in the multivariate model, the association lost statistical significance,
probably due to the small number of patients in this condition within the sample. It would therefore
be advisable to consider this variable in future studies with a larger sample size, given its potential
relevance.

It is also worth noting that the literature highlights not only the level of deterioration at a given
point in time but also the rate at which it occurs. Some studies suggest that a rapid decline in
functional status increases clinical vulnerability more markedly than a low but stable functional level
over time [44,45]. The potential influence of this dynamic was reflected in two situations observed in
the present study. First, the combination of emergency admission and a high risk of pressure injuries
was associated with a markedly higher incidence rate of pressure injuries, in line with research
indicating that acute processes can disrupt self-care, exacerbate frailty, and increase care demands
during the first days of hospitalization [46—48]. This finding reinforces the importance of
implementing preventive measures from the time of admission, considering that the functional
decline observed upon hospital arrival likely began before hospitalization [49,50]. Second, one patient
developed a pressure injury after approximately one month of hospitalization, despite being initially
assessed as not at risk, with moderate dependence, no previous lesions, and no preventive measures
implemented. This finding suggests that some patients assessed as low or no risk, and with prolonged
hospital stays, may not receive the minimum preventive care required, leaving them exposed to
unanticipated progressive deterioration that increases their medium-term vulnerability [43] or
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possibly reflecting a relaxation in preventive vigilance by nursing staff. Consequently, this
underscores the need for periodic reassessments of each patient’s condition to promptly identify
clinical changes that may increase the risk of pressure injuries [51]. Nevertheless, establishing
evidence-based reassessment intervals remains a knowledge gap in nursing practice.

Regarding falls, no significant differences in incidence density were observed between older
patients and those with lower functional capacity. This result may be explained by the common
practice of keeping the most fragile or high-risk patients bedridden, which, while reducing the
likelihood of falls [52], also limits mobility and may have adverse effects on their physical and
emotional well-being [53].

Conversely, in patients with a moderate degree of dependence or in middle-aged groups (52-74
years), the combination of a certain level of physical autonomy with an inadequate perception of risk
may increase the likelihood of falls. In this context, several studies have reported that older adults
tend to overestimate their mobility capacity [54,55], particularly men [56]. This may help explain the
higher incidence of falls observed among male patients [57], in line with the results of the present
study. Therefore, it would be advisable to consider incorporating risk perception into fall-prevention
programs [58].

In addition to all the aforementioned consequences, the fact that most falls occur within the first
five days of hospitalization [20] directly affects the length of stay [59] and highlights the importance
of initiating preventive measures as soon as a patient is admitted to the hospital. To achieve this, it is
essential to accurately identify those patients at higher risk of experiencing this adverse event.

In relation to this aspect, the only study variable that showed a statistically significant
association with the occurrence of falls was the fall risk assessment measured using the VALENF
Instrument. It is important to note that no patients classified as having no risk or moderate risk
experienced falls during their hospitalization. This finding supports the predictive capacity of the
instrument and reinforces its usefulness in clinical practice, where the early identification of patients
with greater vulnerability enables nurses to plan and prioritize more specific and effective preventive
interventions [60]. Nevertheless, it also highlights the need for future studies to further explore other
associated factors.

Limitations

This study has several limitations. First, the sample size was not determined for this specific
objective, and the number of adverse events observed was low, which limits the precision of the
estimates and prevents more complex multivariate analyses. Second, although the events were
monitored prospectively and following a standardized procedure, their low incidence reduces the
stability of the results. Nevertheless, the findings are consistent with the variability reported in the
literature regarding the frequency of falls and pressure injuries [61]. Third, this study was conducted
in a single hospital, which limits the generalizability of the findings to other settings with different
patient profiles, preventive protocols, or organizational structures. Despite these limitations, the
systematic follow-up of adverse events provides a solid foundation for the exploratory associations
presented and underscores the need for studies with larger samples to confirm these preliminary
results and advance the development of predictive models.

5. Conclusions

The exploratory findings of this study indicate that early nursing assessments may play a central
role in preventing adverse events during hospitalization. The use of the VALENF Instrument within
the first 24 hours of admission allowed the identification of patients at higher risk of pressure injuries
and falls, and these assessments were consistently associated with the incidence of in-hospital events.
The first five days of hospitalization emerged as a critical window of vulnerability, underscoring the
need to conduct scheduled reassessments to detect changes in risk over time. These results support
the potential clinical utility of the VALENF Instrument as an integrated tool for informing preventive
decision-making and highlight the need for future studies with larger samples to evaluate the
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effectiveness of current preventive interventions and test whether VALENF-guided strategies
improve patient outcomes.
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