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Abstract
Background Few studies have captured the impact of inadequate nurse staffing levels and broader health patient 
conditions in admitted patients during the COVID-19 pandemic. We aimed to determine the association between 
nurse staffing coverage, care complexity individual factors (CCIFs) and adverse events (AEs) in patients admitted with 
COVID-19.

Methods A multicentre cross-sectional study was conducted from March 1, 2020 to March 31, 2022 at eight public 
health hospitals in Spain. All patients with COVID-19 who were admitted to these hospitals were included. The main 
variables included AEs, nurse staffing coverage (as measured using the ATIC patient classification system) and CCIFs 
to evaluate broader patient health conditions. Adjusted logistic models were performed to identify associations with 
AEs, stratified by patients admitted to wards and hospitalized patients who required admission to intensive care units 
(ICUs).

Results A total of 11,968 hospitalized patients, 2,824 (23.6%) experienced AEs. Multivariate analysis showed that 
higher levels of nurse staffing coverage protected against AEs. Among patients admitted to acute wards, the 
independent risk factors for AEs included old age, haemodynamic instability, chronic disease, uncontrolled pain, 
urinary or faecal incontinence and mental status impairments. In addition to these factors, extreme weight, position 
impairment and communication disorders were factors associated with AEs in patients who required ICU admission.

Conclusions Nurse staffing coverage was a protective factor for AEs. Several CCIFs related to comorbidity/
complications, developmental, and mental-cognitive domains were strongly associated with AEs. Therefore, ensuring 
safe nurse staffing levels could be improve patient outcomes.
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Background
There is abundant evidence that inadequate staffing is 
a chronic issue in the nursing profession, with signifi-
cant safety consequences in hospitalized patients [1–3]. 
Such understaffing is likely to have been exacerbated by 
the COVID-19 pandemic due to additional pressures 
related to surging case numbers, restructuring of nurs-
ing staff and insufficient training of the health workforce 
[4, 5]. In this context, previous studies have shown that 
both personnel and expertise understaffing jointly shape 
near misses in COVID-19 patients, which are known 
to precede and contribute to accidents and injuries that 
impact patient safety [5–7]. In this sense, evidence shows 
that nurses’ educational level is associated with adverse 
events (AEs) [8, 9]. Consequently, nurse staffing and 
other factors related to patient care complexity can have 
an impact on AEs [10, 11].

At the end of February 2020, Spain identified the first 
cases of a novel coronavirus, COVID-19. Within a few 
weeks, the epidemic escalated exponentially, straining 
and collapsing the health system in the affected areas 
[4]. In this context, previous studies have reported the 
occurrence of acute respiratory failure or acute respira-
tory distress syndrome, in 29–42% of COVID-19 patients 
during hospitalization [10, 12, 13]. Many clinical factors 
have been associated with AEs in hospitalized COVID-
19 patients [14–18], but few studies have assessed other 
broader health determinants such as care complexity 
individual factors (CCIF) [10], nurse staffing, and patient 
acuity [6, 7].

Several patient classification systems have been devel-
oped to cluster patients according to their nursing care 
requirements [19, 20]. In recent years, the Acute to inten-
sive care ATIC patient classification system has been 
validated [20], and it measures patient acuity based on 
the weight of the patient main problem identified in the 
nursing care plan, equivalent to required nursing hours 
per patient day. This system determines the nurse staff-
ing coverage that reflects the balance between registered 
nurse hours required by each patient to meet their safety 
needs (patient acuity), and the available or real offered 
registered nurse hours to each patient [20, 21]. The valid-
ity study revealed notable predictive ability of this system 
for patient acuity [20]. It is implemented in managerial 
daily practice in the Catalan Institute of Health [22], the 
major public healthcare provider in Catalonia (Spain), 
and has been used in a previous inquiry to demonstrate 
the association of nurse staffing coverage and patient out-
comes [23].

Furthermore, evidence shows that several complexity 
factors related to comorbidities, developmental, emo-
tional, mental-cognitive and sociocultural were asso-
ciated with AEs [10, 23, 24]. Although a prior study 
explored the association CCIF and health outcomes [10], 

the specific impact of nurse staffing coverage on AEs in 
hospitalized COVID-19 patients remains unclear.

Therefore, the aim of this study is to evaluate the asso-
ciation between nursing coverage and care complexity 
individual factors (CCIF) with adverse events (AEs) in 
patients admitted with COVID-19. By identifying how 
nurse staffing coverage and specific complexity factors 
contribute to AEs, this study can inform targeted nurse 
staffing strategies and ultimately enhance patient safety 
outcomes.

Methods
Setting and study design
A cross-sectional study was carried out at eight pub-
lic hospitals in Spain from March 1, 2020 to March 31, 
2022: three high-tech metropolitan centres and five other 
regional referral hospitals. These facilities account for 
more than 4,000 beds, 166 wards and step-down units, 
and 289,101 patient discharges over the two-year study 
period.

Participants
All adult patients with COVID-19 admitted in general 
wards or step-down units (intermediate care), with a 
nursing care plan charted in electronic health records, 
were consecutively included. Only patients directly 
admitted and discharged from ICU were excluded, 
because the main study variables were not contained in 
the nursing health records. Moreover, obstetrics, mater-
nal-child, and paediatric patients were excluded. The 
study was intended to consecutively include all admitted 
patients meeting selection criteria.

For the purpose of this study, patients with COVID-19 
were classified into the following two groups: those who 
had AEs occurring during hospitalization, and those who 
did not.

Ethical considerations
This study was conducted in accordance with the ethical 
standards set forth in the Declaration of Helsinki. It was 
evaluated and approved by the Clinical Research Eth-
ics Committee of the Bellvitge University Hospital (ref-
erence PR293/20), which also waived the requirement 
for informed consent due to retrospective nature of the 
study. All ethical and data protection protocols related 
to anonymity and data confidentiality (access to records, 
data encryption and archiving of information) were com-
plied with throughout the study. All data were deidenti-
fied using a unique identification number.

Data collection
All data were collected retrospectively from the elec-
tronic health record system, the hospital minimum 
data set and the clinical data warehouse of the Catalan 
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Institute of Health. A unique identification number was 
used to link the data sets from these sources. Nursing 
staff data were obtained from human resources databases 
and ward structural assignment reports. Patient data 
were subsequently matched to nursing staff data, consid-
ering the type of unit and the time frame within which 
each patient received care.

Variables
The main study variables are AEs, registered nurse (RN) 
staffing coverage and care complexity individual factors.

Adverse events (AEs)
The AEs included hospital-acquired infections (HAIs) 
and potentially avoidable critical complications (ACCs) 
during hospitalization. HAIs reflected the number of 
episodes in which ward patients developed a catheter-
related bloodstream infection, a urinary catheter-related 
infection, aspiration pneumonia and/or sepsis. ACCs 
reflected the number of episodes in which ward patients 
experienced a cardiac arrest, shock, thromboembolic 
event, acute respiratory failure, myocardial injury, liver 
injury and/or kidney failure (online supplemental mate-
rial 1).

RN staffing coverage
RN staffing measures included: (i) RN hours required per 
patient day (rNHPPD), (ii) RN hours available per patient 
day (aNHPPD) and, (iii) nurse staffing coverage.

rNHPPD were determined based on the main nurs-
ing diagnoses identified in the nursing records using the 
ATIC patient classification system. This system divides 
patient acuity into ten categories of nursing intensity, 
equivalent to the required RN hours per patient day [20]. 
For this study, we calculated the average rNHPPD across 
the entire hospital stay.

aNHPPD were computed by dividing the available reg-
istered nurse hours by the total number of patients in 
each unit each day. Patient counts was aggregated by shift 
and day, according to the unit assignment reports, allow-
ing us to derive the average aNHPPD.

Finally, we calculated the overall NHPPD balance, 
defined as the difference between aNHPPD and rNHPPD. 
The average of RN staffing coverage was defined as the 
proportion of registered nurse rNHPPD covered by the 
aNHPPD.

In the context of the study, all RN have university bach-
elor’s degree as it is a legal requirement for RN practice. 
The study excluded nurse assistants or licensed practice 
nurses.

Care complexity individual factors
Care complexity individual factors (CCIFs) are a group 
of patient characteristics related to different health 

dimensions, that may complicate care delivery and con-
tribute to adverse outcomes [24]. They are classified into 
five domains: (i) mental-cognitive, (ii) psycho-emotional, 
(iii) sociocultural, (iv) developmental, and (v) comor-
bidity/complications, as described in previous studies 
[25, 26]. Patients were considered to have CCIF if they 
presented at least one related defined characteristic 
according to previous inquires [10, 23, 24, 26]. CCIFs 
were collected from the nursing assessment e-charts as 
structured data based on the Architecture, Terminology, 
Interface, Knowledge (ATIC) terminology [27] (online 
supplemental material 2).

Other demographics and clinical variables
We also collected information regarding the demo-
graphic and clinical characteristics of the patients, age, 
sex, underlying disease, continuity of care (discharged 
to another facility), length of hospital stay and admission 
to acute wards or to intensive care (ICU) (patients who 
required admission to the ICU or a step-down unit at any 
time during hospitalization).

Facilities were classified into two categories: high-tech 
hospitals or other. High-tech hospitals were defined as 
referral university centres that provide tertiary care for 
either open-heart surgery or major organ transplants.

Finally, we also gathered patient acute deterioration 
risk data, using the VIDA score, which classifies patients 
into five groups: no risk (level 0), low risk (level 1), mod-
erate risk (level 2), high risk (impending complication if 
not stabilized) (level 3), or manifested critical complica-
tion initial status (level 4). These data, based on a clini-
cal algorithm, are automatically calculated and charted 
in the electronic health records, on the basis of patient 
progress data collected by the RN. Patient progress data 
refers to respiratory rate, oxygen saturation, body tem-
perature, mental status (level of awareness; 1 = aware 
and orientated, > 1 = disturbed mental status), heart rate, 
and systolic and diastolic blood pressure. As in a previ-
ous inquiry, the VIDA score was categorized as: low risk 
(level 0), moderate risk (levels 1–2) or high risk (levels 
3–4) [10].

Validity and reliability
The ATIC patient classification system measures patient 
acuity, thereby allowing the identification of the regis-
tered nurse hours required per patient day; it is routinely 
implemented within the Catalan Institute of Health [22], 
and its validity for predicting patient acuity has been 
confirmed [20]. CCIFs were collected using a classifica-
tion developed by Juvé-Udina et al. (2010) through a 
participatory action research study involving more than 
400 nurses from eight public hospitals. This classification 
has been used to explore associations between CCIFs 
and unfavourable patient outcomes, and its predictive 
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capacity has been demonstrated [24, 26]. Finally, the 
VIDA early warning system, introduced in 2013 was 
developed via a multidisciplinary approach, is applied 
daily to guide clinical decision-making and has shown 
strong predictive ability for both in-hospital mortality 
and AEs [10].

Statistical analysis
Descriptive analysis of data using percentage frequen-
cies, median and interquartile range was performed to 
determine demographic and clinical characteristics and 
patient outcomes. For categorical variables, a compara-
tive analysis for detecting significant differences between 
groups was carried out using the chi-square test or Fish-
er’s exact test. For continuous variables, the Student’s 
t-test or Mann-Whitney U test was used depending on 
the results of the Kolmogorov-Smirnov normality test. 
Those CCIFs found charted in less than 30 patients were 
excluded for the analysis since they do not achieve the 
minimum statistical number, that is the point at which 
the central limit theorem begins to apply (online supple-
mental material 1).

To explore the association of risk factors with AEs 
and estimate de effect of some explanatory variables on 
selected health outcomes, multiple raw and sex/age-
adjusted logistic models were performed. We used logis-
tic regression model because the output of the sigmoid 
function considered AEs as a binary outcome (yes/no). 
The estimated odds ratios of the models are presented 
in a forest plot. To study the impact of nursing coverage 
on AEs, raw and adjusted multivariate logistic models 
were performed. We included all the most relevant basal 
characteristics and CCIFs that showed a significant dif-
ference in the previous logistic model. This analysis was 

adjusted by age, sex, whether or not the hospital was a 
high-tech hospital, and underlying disease. The estimated 
odds ratios of all the models are presented in tables. The 
analyses were conducted separately for patients admit-
ted in acute settings only and for patients hospitalized in 
acute settings who required admission to intensive care 
units, given the different behaviours in these settings 
in terms of nursing coverage. To mitigate the impact of 
missing data we only included patients with a completed 
hospital minimum data set and with a nursing care plan 
registered in electronic health records. Final data set 
was carefully revised and analysed to ensure the internal 
validity of the study.

The conditions of application of the models were vali-
dated and 95% confidence intervals of the estimators 
were calculated whenever possible. All analyses were 
performed using the statistical package R version 4.1.0 
(2021-05-18) for Windows.

Results
During the study period, 14,470 patients were admitted 
with COVID-19, of which 11,968 met the inclusion cri-
teria (Fig. 1).

The demographic and clinical characteristics of the 
study populations are presented in Table  1. Of these 
patients, 67.8% were admitted to a high-tech hospital, 
and 29% required care in an ICU unit or step-down unit. 
High and moderate risk of acute deterioration were the 
most frequent outcome of the VIDA score (61.4% and 
26.1%, respectively).

Regarding nurse staffing measures, the mean nurse 
staffing coverage achieved 41% of the required nurse 
staffing. Almost 85% of patients required intermediate 
care (5–7 rNHPPD, equivalent to 1:4 nurse-to-patient 

Fig. 1 Flowchart of the exclusion of patients from the analysis
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ratio), and around 15% required preintensive or intensive 
care (> 7 rNHPPD), according to the ATIC patient clas-
sification system. While aNHPPD was 2–3, equivalent to 
1:8 nurse-to-patient ratio, in acute wards. Moreover, the 
main CCIFs were haemodynamic instability, transmissi-
ble infection requiring isolation precautions, and chronic 
disease (Table 2).

The frequency of AEs was 23.6%. Around 22% of 
patients experienced an avoidable critical complication 
(ACC) and 8% had a hospital-acquired infection (HAI). 
Further details on the ACC and HAI outcomes are pro-
vided in Table 3.

Analysis of risk factors associated with AEs
Comparing patients admitted to acute wards with those 
who were admitted to the ICU revealed that nurse staff-
ing coverage was higher in the latter, and that regard-
less the unit of admission, lower nurse staffing coverage 
was found in patients who had an AE (Table 4). Figure 2 
shows a forest plot of the raw and adjusted (according to 
age and sex) association of possible risk factors with AEs 
in patients admitted to wards and hospitalized patients 
who required admission to the ICU. Similar results were 
obtained in a raw and adjusted model. Regarding nursing 
staff measures, a higher number of rNHPPD was asso-
ciated with AEs, and a higher number of aNHPPD and 

level of nurse staffing coverage protected against AEs. 
The CCIFs associated with AEs in patients admitted in 
acute settings were mental status impairments, chronic 
disease, old age, urinary or faecal incontinence, agitation, 
position impairment, communication disorders, haemo-
dynamic instability, impaired cognitive function, anatom-
ical disorders, uncontrolled pain, and extreme weight. 
Moderate and high risk of acute deterioration were also 
associated with AEs. Similar results were obtained in 
patients who required admission to ICU.

Table 1 Baseline characteristics
Characteristics Study 

population
n = 11,968

Demographic characteristics
 Age (years), mean (SD) 62.1 (16.6)
 Female sex, N (%) 4,730 (39.5)
Clinical characteristics
 Length of stay, median (IQR) 8 (5–

14)
 Continuity of care (discharged to another facility), 
N (%)

1,513 (12.6)

 High-tech hospital, N (%) 8,118 (67.8)
 ICU unit, N (%) 3,473 (29.0)
 Underlying disease, N (%) 7,064 (59.0)
  Arterial hypertension or chronic heart failure, N (%) 4,628 (38.7)
  Diabetes or chronic kidney disease, N (%) 3,050 (25.5)
  Chronic respiratory disease, N (%) 1,432 (12.0)
  Cancer, N (%) 749 (6.3)
  Neurodegenerative disease, N (%) 122 (1.0)
  Chronic liver disease, N (%) 125 (1.0)
  Immunosuppression, N (%) 100 (0.8)
 VIDA score
  Low risk (0), N (%) 1,495 (12.5)
  Moderate risk (1–2), N (%) 7,354 (61.4)
  High risk (3–4), N (%) 3,119 (26.1)
Abbreviations: SD, standard deviation; IQR, interquartile range; ICU, intensive 
care unit; VIDA, acute deterioration risk stratification

Table 2 Nurse staffing measures and CCIFs
Characteristics Study population

n = 11,968
Staffing measures
 aNHPPD, median (IQR) 2.7 (2.5–3.1)
 rNHPPD, median (IQR) 6.5 (6.5–7.0)
  Intermediate (5–7 rNHPPD), N (%) 10,130 (84.6)
  Preintensive or more (> 7 rNHPPD), N (%) 1,838 (15.4)
 Balance, median (IQR) -3.8 (-4.2 to -3.4)
 Nurse staffing coverage, mean % (IQR) 40.9 (36.6–47.8)
Care complexity individual factors (CCIFs)
 Comorbidity/complications
  Haemodynamic instability, N (%) 10,325 (86.3)
  Transmissible infection, N (%) 8,815 (73.6)
  Chronic disease, N (%) 7,064 (59.0)
  Uncontrolled pain, N (%) 2,466 (20.6)
  Extreme weight, N (%) 1,100 (9.2)
  Position impairment, N (%) 1,063 (8.9)
  Urinary or faecal incontinence, N (%) 1.052 (8.8)
  Anatomical and functional disorders, N (%) 554 (4.6)
  Communication disorders, N (%) 278 (2.3)
  Vascular fragility, N (%) 182 (1.5)
  Immunosuppression, N (%) 100 (0.8)
  Involuntary movements, N (%) 57 (0.5)
  High risk of haemorrhage, N (%) 46 (0.4)
 Developmental
  Old age (≥ 75 years), N (%) 3,036 (25.4)
 Psycho-emotional
  Fear/anxiety, N (%) 856 (7.1)
  Impaired adaptation, N (%) 844 (7.0)
  Aggressive behaviour, N (%) 33 (0.3)
 Mental-cognitive
  Mental status impairments, N (%) 2,425 (22.3)
  Agitation, N (%) 123 (1.1)
  Impaired cognitive functions, N (%) 45 (0.4)
 Sociocultural
  Language barriers, N (%) 264 (2.2)
 CCIFs, median (IQR) 4 (3–5)
Abbreviations: CCIFs, care complexity individual factors; IQR, interquartile 
range; aNHPPD, available RN hours per patient day; rNHPPD, required RN hours 
per patient day
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Multivariate association of nurse staffing coverage and 
CCIFs with AEs
The results of the multivariate analysis of nursing cov-
erage measures and CCIFs are summarized in Table  5. 
Regarding patients admitted to general wards, after 
adjustment for potential confounders, the analysis 
showed that the level of nurse staffing coverage was a 
protective factor for AEs in COVID-19 ward inpatients. 
Furthermore, older age, chronic disease, haemodynamic 
instability, uncontrolled pain, urinary or faecal inconti-
nence, and mental status disorders were risk factors asso-
ciated with AEs. In addition of these findings, extreme 
weight, position impairment, and communication dis-
orders were additional factors associated with AEs in 
patients who required admission to an ICU.

Accordingly, a higher level of nurse staffing cover-
age acts as a protective factor for all AEs. Several CCIFs 
related to comorbidity/complications, developmental, 
and mental-cognitive domains were risk factors remark-
ably associated to AEs.

Discussion
This study was aimed at demonstrating the associa-
tion between nurse staffing coverage, CCIFs and AEs. 
A substantial number of patients admitted to acute 
wards with COVID-19 presented AEs during hospi-
talization. Multivariate analysis showed that risk fac-
tors associated with AEs in patients admitted to acute 
wards were old age, haemodynamic instability, chronic 
disease, uncontrolled pain, urinary or faecal inconti-
nence and mental status impairment. Extreme weight, 
position impairment and communication disorders 
were additional factors associated with AEs in patients 
who required admission to the ICU. Conversely, higher 

levels of nurse staffing coverage protected against AEs. 
The identification of patient acuity and care complex-
ity factors may contribute to prevent avoidable compli-
cations in COVID-19 patients.

Our findings are consistent with previous reports 
that found a similar frequency of AEs [12]. We found 
that the most relevant avoidable clinical complications 
were renal failure, myocardial injury, and respiratory 
distress syndrome. These results are consistent with 
previous studies that analysed these complications in 
patients admitted with COVID-19 [17, 28, 29]. Regard-
ing HAIs, previous reports showed that the pandemic 
negatively impacted HAI rates and clusters of infec-
tions within hospitals [30]. This is consistent with 
our finding of a high incidence of hospital-acquired 
urinary tract infection, sepsis, and catheter-related 
bloodstream infection. Moreover, we observed that 
AEs had higher rates in hospitalized patients who were 
admitted to the ICU than in those admitted to acute 
wards (19.2 vs. 18.7 per 1,000 patient-days). In this 
regard, other studies showed that HAIs, cardiac arrest, 
and mortality rates were higher in patients admitted to 
the ICU [31, 32].

Our study shows that old age, haemodynamic insta-
bility, chronic disease, uncontrolled pain, urinary or 
faecal incontinence and mental status impairments are 
CCIFs associated with AEs in patients admitted with 
COVID-19. Regarding old age and chronic disease, 
other studies have shown that this virus causes worse 
outcomes and a higher mortality rate in the elderly 
and those with comorbidities such as hypertension, 
cardiovascular disease, diabetes, chronic respiratory 
disease, and chronic kidney disease [18, 33]. Older 
people admitted with COVID-19 present more geri-
atric syndromes including comorbidities, frailty, falls, 
cognitive impairment, and incontinence, which are 
associated with poor outcomes [34, 35]. Our findings 
are also consistent with another study demonstrating 
that pain is a persistent symptom in critical COVID-19 
patients [36]. Concerning haemodynamic instability, it 
is important to note that it usually precedes the AE, 
such as in patients diagnosed with acute myocarditis 
[37]. Also, previous studies recommended the use of 
early warning scores to evaluate the acute deteriora-
tion risk, having demonstrated that these scores are 
good discriminators of death, ICU admission and AEs 
[10, 38]. Our study also showed the association of high 
and moderate risks of acute deterioration with AEs, 
measured using the VIDA score.

We found that extreme weight, position impairment 
and communication disorders were factors associated 
with AEs in patients who required admission to the 
ICU. These findings are consistent with other studies 
concluding that obesity is associated with admission 

Table 3 Adverse events
Outcomes All

n = 11,968
N (%)

Adverse events 2,824 (23.6)
 HAI 953 (8.0)
  HA urinary tract infection 578 (4.8)
  Sepsis 273 (2.3)
  Catheter-related bloodstream infection 144 (1.2)
  Aspiration pneumonia 77 (0.6)
 ACC 2,421 (22.2)
  Renal insufficiency 1,046 (8.7)
  Myocardial injury 786 (6.6)
  Respiratory distress syndrome 705 (5.9)
  Thrombotic event 433 (3.6)
  Shock 48 (0.4)
  Cardiac arrest 25 (0.2)
  Liver injury 41 (0.3)
Abbreviations: HAI, hospital-acquired infection; ACC, avoidable critical 
complication
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to the ICU and in-hospital mortality [39, 40]. Previ-
ous studies have demonstrated a protective effect of 
physical activity on adverse COVID-19 outcomes [41]. 
This finding might be consistent with the observation 
that position impairments were associated with AEs in 
patients admitted to the ICU. Moreover, adults requir-
ing intensive care treatment for critical COVID-19 
infection can present with iatrogenic verbal commu-
nication impairments related to nervous system com-
plications or laryngeal injuries [42]. Thus, our findings 
concur with previous reports in non-COVID-19 

patients showing that CCIFs related to comorbidity/
complications, developmental and mental-cognitive 
domains were risk factors associated with a selected 
AE [24]. However, other CCIF related with sociocul-
tural domain (such as lack of caregiver support) was 
identified as a significant risk factor in previous stud-
ies [23, 24]. We did not include it because all patients 
admitted for COVID-19 had restricted visits. We iden-
tified an average of four CCIFs per patient, as in previ-
ous study in COVID-19 patients [10]. This average was 
lower in the pre-pandemic period [24]. These results 

Table 4 Comparison between staffing measures and CCIFs with adverse events in patients admitted with COVID-19
Characteristics Patients admitted to acute wards Patients who required admission to ICU

Non-AE
n = 7,258

AE
n = 1,237

p-value Non-AE
N = 1,886

AE
n = 1,587

p-value

No. (%) No. (%) No. (%) No. (%)
Staffing measures
 aNHPPD, median (IQR) 2.7 (2.4–

3.1)
2.6 (2.4–2.8) < 0.001 3.1 (2.7–6.0) 3.0 (2.6–5.2) < 0.001

 rNHPPD < 0.001 0.022
  Intermediate (5–7 rNHPPD) 6,705 (92.4) 1,111 (89.8) 1,217 (64.5) 1,097 (69.1)
  Preintensive or more (> 7 rNHPPD) 553 (7.6) 126 (10.2) 669 (35.5) 490 (30.9)
 Balance, median (IQR) -3.8 (-4.2 to 

-3.1)
-4.0 (-4.4 to -3.7) < 0.001 -3.4 (-3.9 to -2.2) -3.7 (-4.3 to -2.7) < 0.001

 Nurse staffing coverage, mean % (IQR) 40.9 (36.6 to 
46.1)

39.5 (34 to 43.4) < 0.001 47.8 (39.9–72.7) 42.9 (37.1–63.6) < 0.001

Care complexity individual factors (CCIFs)
 Comorbidity/complications
  Haemodynamic instability 5,914 (81.5) 1,129 (91.3) < 0.001 1,785 (94.6) 1,497 (94.3) 0.68
  Transmissible infection 5,694 (78.4) 898 (72.6) < 0.001 1,300 (68.9) 923 (58.2) < 0.001
  Chronic disease 4,112 (56.6) 995 (80.4) < 0.001 994 (52.7) 963 (60.7) < 0.001
  Uncontrolled pain 1,342 (18.5) 329 (26.6) < 0.001 356 (18.9) 439 (27.7) < 0.001
  Extreme weight 584 (8.1) 136 (11.1) < 0.001 173 (9.2) 207 (13.0) < 0.001
  Position impairment 518 (7.1) 227 (18.3) < 0.001 107 (5.7) 211 (13.3) < 0.001
  Urinary or faecal incontinence 595 (8.2) 257 (20.8) < 0.001 80 (4.2) 120 (7.6) < 0.001
  Anatomical and functional disorders 293 (4.0) 103 (8.3) < 0.001 60 (3.2) 98 (6.2) < 0.001
  Communication disorders 136 (1.9) 56 (4.5) < 0.001 20 (1.1) 66 (4.2) < 0.001
  Vascular fragility 99 (1.4) 34 (2.7) < 0.001 23 (1.2) 26 (1.6) 0.30
  Immunosuppression 0.26 11 (0.6) 10 (0.6) 0.86
  Involuntary movements 34 (0.5) 11 (0.9) 0.064 3 (0.2) 9 (0.6) 0.056
  High risk of haemorrhage 26 (0.4) 6 (0.5) 0.50 8 (0.4) 6 (0.4) 0.83
 Developmental
  Age (years), mean (SD) 61.7 (17.2) 72.0 (15.5) < 0.001 58.0 (15.3) 61.6 (12.6) < 0.001
 Psycho-emotional
  Fear/anxiety 502 (6.9) 103 (8.3) 0.075 133 (7.0) 118 (7.4) 0.66
  Impaired adaptation 507 (7.0) 98 (7.9) 0.24 125 (6.6) 114 (7.2) 0.52
  Aggressive behaviour 20 (0.3) 4 (0.3) 0.77 3 (0.2) 6 (0.4) 0.22
 Mental-cognitive
  Mental status impairments 1,136 (15.6) 550 (44.5) < 0.001 274 (14.5) 465 (29.3) < 0.001
  Agitation 69 (0.9) 34 (2.7) < 0.001 9 (0.5) 15 (0.9) 0.10
  Impaired cognitive functions 28 (0.4) 11 (0.9) 0.019 3 (0.2) 3 (0.2) 0.83
 Sociocultural
  Language barriers 154 (2.1) 19 (1.5) 0.18 54 (2.9) 37 (2.3) 0.33
Abbreviations: ICU, intensive care unit; AE, adverse event; OR, odds ratio; CI, confidence interval, SD, standard deviation; VIDA, acute deterioration risk stratification; 
aNHPPD, available RN hours per patient day; rNHPPD, required RN hours per patient day; IQR, interquartile range
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are probably related to the high frequency of chronic 
diseases in the studied sample, the organizational 
adaption of hospitals to this pandemic context, and the 
required isolation precautions that have been associ-
ated with poor outcomes in a prior study [43].

Finally, we detected an association between nurse 
staffing coverage and AEs, with higher nursing cover-
age protecting against poor outcome in patients admit-
ted to acute wards and those who required admission 
to the ICU. Several studies have demonstrated the 

Fig. 2 Forest plot of the raw and adjusted association of every risk factor with adverse events
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association between acuity and other patient and orga-
nizational measures such as nurse staffing coverage 
or missed care [21, 44]. Nevertheless, this is the first 
study to analyse the impact of nurse staffing coverage 
and health outcomes in COVID-19 patients. More-
over, we detected a mean nurse staffing coverage of 
around 45% among patients who required ICU admis-
sion, which was slightly lower for those admitted to 
wards (40%). It should be noted that previous studies 
considered units to be understaffed when they were 
below the average of the usual staffing on wards or at 
a cut-off point below 80% of the median nurse staff-
ing coverage in their units [45]. This data is consistent 
with previous inquires that found that unfavourable 
patient and nurse outcomes were strongly associated 
with poor nurse staffing coverage [6, 23]. Such chronic 
understaffing was widespread during the pandemic 
period for a variety of reasons. As previously stated, 
the COVID-19 pandemic entailed novel ways of staff-
ing, relocating nursing staff to other units, forced them 
to work in new roles with new tasks and new colleagues. 
Increased numbers of patients were expected, and there 
was insufficient knowledge and competence on how 
to care for patients with COVID-19. These circum-
stances could potentially impact on quality of care and 
patient safety [46]. Previous evidence demonstrated 
that CCIFs and nurse staffing issues impact health 
outcomes and that, along with the poor work environ-
ment, limited management of nursing resources, and 
low staff competence, could compromise patient safety 
in terms of missed nursing care [8, 21, 47–49] and 
early detection of patient acute deterioration [10, 50].

In any case, 41% nurse staffing coverage is a concern-
ing result reflecting RN understaffing in the hospital set-
ting. Notably, a recent study examining the relationship 
between nurse staffing coverage and health outcomes 
reported significant differences across all patient AEs, 
in-hospital mortality and readmission when comparing 
those were safely nursing covered (> 90% coverage) ver-
sus under-covered (< 90% coverage) [11]. Consequently, 
nurse executives are challenged to improve practice envi-
ronments for nurses and patients, specifically to target 
safe nurse staffing coverage. Therefore, it is essential that 
leaders within the nursing profession collaborate with 
policymakers, the media, and other stakeholders to shed 
light on this issue and implement effective strategies that 
address understaffing issues and improve patient out-
comes [51].

Strengths and limitations
The strengths of this research include the study design 
and setting (multicentre cross-sectional study), its 
large sample size. It is the first study on the association 
between nurse staffing coverage and CCIFs and AEs 
in patients admitted with COVID-19. Importantly, we 
analysed two groups of patients according to whether 
they required admission to a ward or to critical care, 
given their differences in terms of nursing coverage. 
All data were comprehensively collected from the 
clinical data warehouse and all patients included had 
a completed nurse’s electronic health record. Notwith-
standing these strengths, there are some limitations 
that should be acknowledged. This study excluded 
patients directly admitted to and discharged from the 

Table 5 Multivariate association of risk factors associated with adverse events in patients admitted with COVID-19
Characteristics ADJUSTED MODEL

Patients admitted to acute wards (n = 8,495) Patients who required admission to ICU 
(n = 3,473)

OR 95% CI p-value OR 95% CI p-value
Staffing measures
 Nurse staffing coverage 0.92 0.86–0.99 0.031 0.77 0.71–0.83 < 0.001
Care complexity individual factors (CCIFs)
 Haemodynamic instability 1.71 1.38–2.13 < 0.001 0.92 0.68–1.26 0.602
 Chronic disease 1.40 1.16–1.69 < 0.001 1.24 1.04–1.48 0.016
 Uncontrolled pain 1.53 1.31–1.78 < 0.001 1.50 1.27–1.79 < 0.001
 Extreme weight 1.10 0.88–1.36 0.398 1.36 1.08–1.72 0.009
 Position impairment 1.20 0.98–1.47 0.073 1.68 1.29–2.20 < 0.001
 Urinary or faecal incontinence 1.23 1.01–1.49 0.035 1.18 0.85–1.63 0.327
 Communication disorders 1.11 0.78–1.57 0.546 2.45 1.45–4.28 < 0.001
 Vascular fragility 0.73 0.47–1.11 0.151 0.78 0.42–1.46 0.435
 Old age 1.27 1.16–1.39 < 0.001 1.19 1.10–1.30 < 0.001
 Fear/anxiety 0.88 0.68–1.11 0.289 0.99 0.74–1.31 0.937
 Mental status impairments 2.35 1.99–2.77 < 0.001 1.94 1.61–2.34 < 0.001
 Agitation 1.30 0.82–2.04 0.254 0.72 0.29–1.82 0.469
Abbreviations: ICU, intensive care unit; OR, odds ratio; CI, confidence interval. Adjusted logistic model included age, sex, high-tech hospital and underlying disease
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ICU because data about nursing coverage and CCIFs 
were not included in their electronic health records. 
Some patients were included in the study just when 
they were admitted in a general ward after being dis-
charge from ICU. In these cases, we observed a pro-
portion of them with no further need of isolations 
precautions. This may explain why the percentage of 
patients with CCIF transmissible infections did not 
achieve the 100% in our findings. Furthermore, we 
relied on compliance in completing the electronic 
health records and administrative data; however, 
since electronic health records are completed volun-
tarily, some caution is required regarding interpreta-
tion. Moreover, the high volume of patients included 
prevented from a detailed review of their healthcare 
history. Finally, a cross-sectional design of our study 
limiting the ability to determine causal inferences; 
therefore, futures prospective studies are warranted to 
confirm these findings.

Conclusion
A substantial number of patients admitted to acute wards 
with COVID-19 presented an AE during hospitalization. 
Multivariate analysis showed that risk factors associated 
with AEs in patients admitted to wards were old age, 
haemodynamic instability, chronic disease, uncontrolled 
pain, urinary or faecal incontinence and mental status 
impairments. Extreme weight, position impairment and 
communication disorders were associated with AEs in 
admitted patients who required admission to the ICU. 
Higher levels of nurse staffing coverage protected against 
AEs.

Therefore, these findings highlight the importance of 
systematically assessing patient acuity and care complex-
ity in order to establish safety nurse staffing coverage 
that meets patient needs. Practically, hospitals should 
adopt validated patient acuity tools and early warning 
systems for timely detection of at-risk patients promptly; 
and develop targeted interventions aimed at preventing 
avoidable complications in COVID-19 patients. Conse-
quently, future research and policy efforts should focus 
on ensuring safe nurse staffing coverage, as well as evalu-
ating the impact of missed care, work environment, and 
nurses’ educational level on AEs.
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