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Summary

BACKG ROUND: Hospitals are using nursing-sensitive 
outcomes (NSOs) based on administrative data to mea-
sure and benchmark quality of nursing care in acute care 
wards. In order to facilitate comparisons between different 
hospitals and wards with heterogeneous patient popula-
tions, proper adjustment procedures are required. In this 
article, we first identify predictors for common NSOs in 
acute medical care of adult patients based on administra-
tive data. We then develop and cross-validate an NSO-ori-
ented prediction model.

METHODS: We used administrative data from seven hos-
pitals in Switzerland to derive prediction models for each 
of the following NSO: hospital-acquired pressure ulcer (≥ 
stage II), hospital-acquired urinary tract infection, non-ven-
tilator hospital-acquired pneumonia and in-hospital mortal-
ity. We used a split dataset approach by performing a ran-
dom 80:20 split of the data into a training set and a test 
set. We assessed discrimination of the models by area 
under the receiver operating characteristic curves. Final-
ly, we used the validated models to establish a benchmark 
between the participating hospitals.

RESULTS: We considered 36,149 hospitalisations, of 
which 51.9% were male patients with a median age of 
73 years (with an interquartile range of 59–82). Age and 
length of hospital stay were independently associated with 
all four NSOs. The derivation and validation models 
showed a good discrimination in the training (AUC range: 
0.75–0.84) and in the test dataset (AUC range: 
0.77–0.81), respectively. Variation among different hos-
pitals was relevant considering the risk for hospital-ac-
quired pressure ulcer (≥ stage II) (adjusted Odds ratio 
[aOR] range: 0.51 [95% CI: 0.38–0.69] – 1.65 [95% CI: 
1.33–2.04]), the risk for hospital-acquired urinary tract in-

fection (aOR range: 0.46 [95% CI: 0.36–0.58] – 1.45 [95%
CI: 1.31–1.62]), the risk for non-ventilator hospital-ac-
quired pneumonia (aOR range: 0.28 [95% CI: 0.09–0.89] –
2.87 [95% CI: 2.27–3.64]), and the risk for in-hospital mor-
tality (aOR range: 0.45 [95% CI: 0.36–0.56] – 1.39 [95%
CI: 1.23–1.60]).

CONCLUSION: The application of risk adjustment when
comparing nursing care quality is crucial and enables a
more objective assessment across hospitals or wards with
heterogeneous patient populations. This approach has
potential to establish a set of benchmarks that could allow
comparison of outcomes and quality of nursing care be-
tween different hospitals and wards.

Background

The relationship between higher levels of qualified nursing
staff (registered nurses vs. non-registered nurses) and pa-
tient outcomes has been established.The relationship be-
tween higher levels of qualified nursing staff (registered
nurses vs. non-registered nurses) and patient outcomes has
been established [1–5]. Higher nurse staffing is, for ex-
ample, associated with a lower incidence of hospital-ac-
quired pressure ulcers, hospital-acquired pneumonia, and
in-hospital mortality in medical inpatients [6, 7]. These
outcomes, which are influenced by nursing care, are gen-
erally understood as nursing-sensitive outcomes (NSO).
NSOs have been defined as outcomes “that are relevant,
based on nurses’ scope and domain of practice, and for
which there is empirical evidence linking nursing inputs
and interventions to the outcomes’’ [8, 9].

NSOs may help to establish an outcome-related measure
of quality of care [10–13]. In some countries, there are
mandatory sets of NSOs already established in clinical rou-
tines that help to measure and compare the quality of nurs-
ing care [11, 12, 14–16]. However, there is no international
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Table 1:
Nursing-sensitive outcomes of interest.

Nursing-sensitive outcome ICD-10 codes or definition References Adjustment variables*

Hospital-acquired pressure ulcer
(≥ stage II)

L89 [12, 20, 24–29] In-hospital death [57]; presence of diabetes / peripheral vascular dis-
ease [58]; presence of a stage I pressure ulcer / urinary tract infec-
tion [59]

Hospital-acquired urinary tract in-
fection

T83.5 [1, 20, 27, 30–33] Presence of diabetes [60, 61]

Non-ventilator hospital-acquired
pneumonia

U69.0 [1, 2, 20, 27, 34–38] Living situation before hospital admission; Readmission [62, 63]

In-hospital mortality Variable 1.5.V03: discharge loca-
tion: death [64]

[3, 5, 27, 39–42] MDC "Myeloproliferative Diseases & Disorders" [65]

*In addition to the basic set of adjustment variables for all models (age; gender; Charlson Comorbidity Index; length of hospital stay; Major Diagnostic Category according to DRG;
type of hospital)

consensus on NSO sets for quality of care assessment. Def-
initions and measurement methods vary considerably with-
in international healthcare systems, and thus do not allow
comparison of NSOs. In general, administrative coding
data is used to measure NOSs because of its availability
and standardized definition within a healthcare system. Yet
not all countries have standardized reporting of NSOs. In
Switzerland, for example, only the ‘Swiss National Asso-
ciation for Quality Development in Hospitals and Clinics’
(ANQ) reports annually on aspects of quality of acute care
by means of a cross-sectional survey. The ANQ method-
ology has important weaknesses. First, the yearly data ac-
quisition for ANQ analyses requires large staff resources.
Second, data are collected on one day per year for point
prevalence, which results in low incidence rates. This does
not allow trends to be assessed in order to analyse the pow-
er of NSO.

Here, the frequency of NSOs from uniformly defined ad-
ministrative data could be a useful and cost-effective com-
plement. In addition to the availability of data and a clear
definition, a suitable adjustment procedure is needed to fa-
cilitate comparisons between different hospitals or wards
with heterogeneous patient populations.

The primary aim of this study was to identify predictors
for four common NSOs of acute medical care of adult pa-
tients based on administrative data for the development
and cross-validation of an NSO-related prediction model.
The secondary aim of this study was to establish a set of
benchmarksbetween seven Swiss hospitals using the four
pre-specified NSOs. There is broad consensus that analy-
ses and comparisons of NSO should occur at the ward lev-
el so that specific quality improvement actions can be tak-
en [17]. Therefore, in addition to the overall hospital view
presented here, which provides an impression of the over-
all comparison between medical departments, the proposed
procedure will also be applicable at the ward level. This
may allow comparisons within a department.

Methods

Design

This was a secondary data analysis of a prospective cohort
study (In-HospiTOOL study) [18]. The “In-HospiTOOL”
study was a quasi-experimental investigator-initiated, mul-
ticenter comparative effectiveness trial investigating the
impact of an interprofessional discharge planning tool on
length of hospital stay and other outcomes. The study es-
tablished a representative benchmarking database to pro-

mote the measurement of quality of care across different
sized Swiss hospitals.

Study population and setting

We included all consecutively admitted adult (≥18 years)
emergency patients from July 2017 to January 2019. Pa-
tients had to be hospitalized on a medical ward in one
of the following seven secondary and tertiary care hospi-
tals: Cantonal Hospital Aarau, Cantonal Hospital Baden,
Cantonal Hospital Muensterlingen, Hospital Muri, Hospi-
tal Zofingen, Hospital Interlaken, and University Hospital
Basel. We excluded patients with a length of hospital stay
shorter than 24 hours or longer than 90 days and patients
who have been treated in the intensive care unit (ICU) as
part of their hospitalisation because the NSOs under study
have not been developed for use in these patient popula-
tions.

Covariates of interest

We conducted a literature review to identify covariates that
may affect the occurrence of an NSO. Based on previous
studies, we used a basic set of adjustment variables for
all models: age, gender, Charlson Comorbidity Index [19],
length of hospital stay, Major Diagnostic Category (MDC)
according to Diagnosis Related Groups (DRG), and type
of hospital [20, 21]. Further covariates related to individ-
ual NSOs are described in table 1. Data availability was a
limiting factor in the selection of covariates.

Outcome of interest

An NSO was defined as "a variable patient or family care-
giver state, behavior, or perception responsive to nursing
intervention… [that] can be measured and compared to a
baseline over time" [22]. They are deemed scientifically
acceptable if there is sufficient evidence of the link be-
tween process measures and patient outcomes and if they
are attributable to nursing [23]. Therefore, we have includ-
ed NSOs for which the relationship between patient out-
comes and nursing staff variables was found to be statisti-
cally significant in the literature and for which a data basis
is available in the administrative data. Based on these cri-
teria we analysed four NSOs:

– hospital-acquired pressure ulcer (≥ stage II) [12, 20,
24–29];

– hospital-acquired urinary tract infection [1, 20, 27,
30–33];
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– non-ventilator hospital-acquired pneumonia [1, 2, 20,
27, 34–38];

– in-hospital mortality [3, 5, 27, 39–42] (table 1).

Data collection

We used administrative data provided by the coding de-
partment as well as data from the electronic patient record
of each of the participating hospitals between July 1, 2017,
and January 31, 2019, as part of the In-HospiTOOL study.
The datasets were linked at the case number level and data
consistency between the different datasets was checked to
ensure data quality. The administrative data comprises a set
of uniform, clearly defined variables created by the Swiss
Federal Statistical Office, that are therefore comparable
among hospitals [43]. The diagnosis coding takes place af-
ter the hospitalisation has been completed, based on the
discharge reports and the electronic patient record. To en-
able the coding of an outcome, the prerequisite had to be
fulfilled that the outcome had been correctly recorded by
a nurse or physician in the electronic patient chart or diag-
nosis list as part of the routine processes during hospital-
isation. A single patient may have more than one hospital
admission within the study period. Information on status of
readmission to the same hospital according to the defini-
tion of Swiss-DRG, i.e. within 18 days after hospital dis-
charge, was available for each hospitalisation. Length of
hospital stay was calculated based on Swiss-DRG defini-
tion by day of admission and each subsequent day without
the day of discharge.

Statistical analysis

We stratified sociodemographic characteristics and covari-
ates by the four NSOs. Discrete variables were expressed
as frequency (percentage) and continuous variables as me-
dians and interquartile ranges (IQR). We used International
Classification of Diseases (ICD) 10 codes to create vari-
ables to indicate whether patients experienced a NSO dur-
ing their hospital stay using algorithms previously devel-
oped by Needleman, Buerhaus [44] and used in similar
research projects [20, 27]. For example, a hospital-ac-
quired pressure ulcer (≥ stage II) was identified for any pa-
tient who had a secondary diagnosis code of L89 (inclu-
sion criteria – see table 1) unless they had a length of stay
<4 days, a major diagnostic category of 9 or a diagnosis
code between G80-G83. These exclusion criteria are de-
scribed in figure 1 (second level). The Charlson Comorbid-
ity Index was calculated using the Stata command "charl-
son" [45].

To assess associations between predictors, covariates and
NSOs, we performed logistic regression models. The area
under the receiver operating characteristic curve (AUC)
was used as a measure of discrimination. To ensure higher
generalisability of the results and to avoid overfitting, we
used a split dataset approach by performing a random
80:20 split of the data into a training set and a test set, re-
spectively, while maintaining the proportion of outcomes
within each of the two samples. The model fit by decile
(estimated and observed probabilities) was plotted for each
model (see figures A-1–A-4 in the appendix). We used
likelihood-ratio tests (LR) to compare models with all pre-
defined covariates with restricted models. For the bench-

mark comparison, data from a single hospital were com-
pared with those of the remaining six hospitals. For this
purpose, we used logistic regression models and reported
the crude and adjusted odds ratios as measures of associa-
tion. We considered a two-tailed P-value at a 5% alpha lev-
el for statistical significance. Statistical analyses were per-
formed using Stata 15.1 (StataCorp, College Station, TX,
USA). All results are presented in an anonymous form to
avoid identification of an individual hospital.

Ethics approval and consent to participate

All patients were informed by a flyer about their study
participation after admission. As a quality improvement
and control study, the institutional review board (IRB) of
Northwestern Switzerland approved the study and waived
the need for individual informed consent by formulating a
declaration of no objection (AG/SO 2009/074 and EKNZ
BASEC PB_2017–00449).

Results

Study population

Of 45,146 hospitalisations, we excluded 8,997 with a
length of hospital stay <24 h or >90 days, age <18 years,
ICU stay or due to missing ICD-10 diagnosis resulting in
36,149 hospitalisations for the final analysis (see figure 1).
There were no other missing data besides the ones men-
tioned. The median age of the overall population was 73
years (IQR 59–82); 51.9% were male and 80.3% were
Swiss residents. The most common reasons for hospital ad-
mission regarding MDC were diseases of the circulatory
system (n = 8873, 24.5%) and diseases of the respiratory
system (n = 5008, 13.9%). Within this sample, 436 patients
experienced a hospital-acquired pressure ulcer (≥ stage 2),
2,412 experienced a hospital-acquired urinary tract infec-
tion, 339 had a non-ventilator hospital-acquired pneumo-
nia, and 1,525 died in the hospital. Further baseline char-
acteristics are shown in table 2.

Prediction model derivation and validation

Most predefined covariates showed a significant associ-
ation with the corresponding NSO (Table 3). In-hospital
death (OR 3.75 [95% CI: 2.80–5.00]), peripheral vascular
disease present (OR 1.59 [95% CI: 1.22–2.07]), and pre-
sent pressure ulcer stage I (OR 7.00 [95% CI: 4.90–9.90])
were strongest associated with the NSO hospital-acquired
pressure ulcer (≥ stage II). Gender, MDC and type of hos-
pital did not show any significant association with hospi-
tal-acquired pressure ulcer (≥ stage II) and have been re-
moved from the model, based on an LR test (p = 0.17). The
development of a hospital-acquired urinary tract infection
was most strongly associated with gender (OR for male
gender 0.41 [95% CI: 0.37–0.45]) and paraplegia presence
(OR 3.10 [95% CI: 2.08–4.62]). Change in Charlson Co-
morbidity Index, and type of hospital did not show any sig-
nificant association with hospital-acquired urinary tract in-
fections and have been removed from the model, based on
an LR test (p = 0.09). With regards to the NSO of hos-
pital-acquired pneumonia (for non-ventilator patients), we
found the strongest association with gender (OR for male
gender 1.53 [95% CI: 1.22–1.92]), the living situation be-
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Table 2:
Baseline characteristics of the study sample.

Overall n = 36'149 Hospital-acquired
pressure ulcer (≥ stage
II) n = 436

Hospital-acquired uri-
nary tract infection n =
2412

Non-ventilator hospi-
tal-acquired pneumo-
nia n = 339

In-hospital mortality n
= 1525

Incidence rate (%) 12.4% 1.9% 7.1% 1.1% 4.2%

Socio-demographics

Age, median (IQR) 73.0 (59.0, 82.0) 80.0 (71.0, 87.0) 80.0 (72.0, 86.0) 78.0 (68.0, 85.0) 80.0 (69.0, 87.0)

Male gender (%) 18'764 (51.9%) 211 (48.4%) 762 (31.6%) 207 (61.1%) 827 (54.2%)

Swiss resident (%) 29'039 (80.3%) 380 (87.2%) 2072 (86.0%) 290 (85.5%) 1309 (85.8%)

Private insurance (%) 7690 (21.3%) 114 (26.2%) 549 (22.8%) 62 (18.3%) 319 (20.6%)

Year of admission

2017 10'531 (29.1%) 140 (32.1%) 743 (30.8%) 99 (29.2%) 461 (30.2%)

2018 23'933 (66.2%) 277 (63.5%) 1572 (65.2%) 224 (66.1%) 974 (63.9%)

2019 1685 (4.7%) 19 (4.4%) 97 (4.0%) 16 (4.7%) 90 (5.9%)

Morbidity

Major diagnostic category (ICD-10)

I – Certain infectious and parasitic dis-
eases

2694 (7.5%) 46 (10.6%) 232 (9.6%) 29 (8.6%) 143 (9.4%)

II –Neoplasms 3255 (9.0%) 72 (16.5%) 282 (11.7%) 89 (26.3%) 593 (38.9%)

VI –Diseases of the nervous system 2848 (7.9%) 26 (6.0%) 212 (8.8%) 21 (6.2%) 22 (1.4%)

IX – Diseases of the circulatory system 8873 (24.5%) 74 (17.0%) 630 (26.1%) 97 (28.6%) 383 (25.1%)

X – Diseases of the respiratory system 5008 (13.9%) 70 (16.1%) 279 (11.6%) – 156 (10.2%)

XI – Diseases of the digestive system 3175 (8.8%) 26 (6.0%) 189 (7.8%) 24 (7.1%) 70 (4.6%)

XVIII – Symptoms, signs and abnormal
clinical and laboratory findings, not else-
where classified

2142 (5.9%) 9 (2.1%) 99 (4.1%) 9 (2.7%) 32 (2.1%)

Others 8151 (22.5%) 113 (25.9%) 489 (20.3%) 70 (20.7%) 126 (8.3%)

Comorbidities

Hypertension 18241 (50.5%) 242 (55.5%) 1481 (61.4%) 202 (59.6%) 623 (40.9%)

Obesity 1213 (3.4%) 11 (2.5%) 100 (4.1%) 4 (1.2%) 22 (1.4%)

Type 2 diabetes mellitus 6212 (17.2%) 119 (27.3%) 510 (21.1%) 64 (18.9%) 234 (15.3%)

Type 1 diabetes mellitus 155 (0.4%) 3 (0.7%) 11 (0.5%) 1 (0.3%) 2 (0.1%)

Dyslipidaemia 6138 (17.0%) 49 (11.2%) 360 (14.9%) 29 (8.6%) 101 (6.6%)

Coronary artery disease 7386 (20.4%) 92 (21.1%) 481 (19.9%) 81 (23.9%) 251 (16.5%)

Myocardial infarction 400 (1.1%) 9 (2.1%) 40 (1.7%) 7 (2.1%) 49 (3.2%)

Congestive heart failure 4458 (12.3%) 81 (18.6%) 446 (18.5%) 87 (25.7%) 349 (22.9%)

Atrial fibrillation 6722 (18.6%) 125 (28.7%) 638 (26.5%) 99 (29.2%) 361 (23.7%)

Peripheral arterial disease 1736 (4.8%) 55 (12.6%) 149 (6.2%) 17 (5.0%) 77 (5.0%)

Obstructive sleep apnoea syndrome 948 (2.6%) 8 (1.8%) 59 (2.4%) 7 (2.1%) 21 (1.4%)

Cerebrovascular diseases 2501 (6.9%) 22 (5.0%) 234 (9.7%) 37 (10.9%) 107 (7.0%)

Stroke 220 (0.6%) 2 (0.5%) 32 (1.3%) 7 (2.1%) 24 (1.6%)

Chronic obstructive pulmonary disease 2208 (6.1%) 32 (7.3%) 135 (5.6%) 47 (13.9%) 113 (7.4%)

Gastrointestinal disorder 7550 (20.9%) 119 (27.3%) 594 (24.6%) 98 (28.9%) 385 (25.2%)

Solid tumours 3642 (10.1%) 80 (18.3%) 293 (12.1%) 75 (22.1%) 542 (35.5%)

Haematological malignancies 563 (1.6%) 12 (2.8%) 30 (1.2%) 7 (2.1%) 25 (1.6%)

Musculoskeletal disorder 7046 (19.5%) 116 (26.6%) 631 (26.2%) 95 (28.0%) 196 (12.9%)

Mental disorder 9154 (25.3%) 166 (38.1%) 850 (35.2%) 121 (35.7%) 309 (20.3%)

Alcohol addiction 1887 (5.2%) 21 (4.8%) 98 (4.1%) 26 (7.7%) 44 (2.9%)

Charlson Comorbidity Index, mean (SD) 2.3 (2.6) 3.6 (3.0) 3.0 (2.7) 3.6 (3.1) 4.7 (3.5)

Living situation

Before admission

At home (%) 29874 (82.6%) 229 (52.5%) 1605 (66.5%) 279 (62.4%) 1067 (70.0%)

After discharge

At home (%) 25294 (70.0%) 119 (27.3%) 1136 (47.1%) 137 (30.6%) 0 (0%)

Clinical outcomes

Length of hospital stay, median (IQR) 5.0 (3.0, 9.0) 11.0 (7.0, 17.0) 9.0 (5.0, 13.0) 12.0 (8.0, 19.0) 5.0 (2.0, 10.0)

In-hospital mortality 1525 (4.2%) 74 (17.0%) 148 (6.1%) 67 (15.0%) 1525 (100.0%)

Readmission* 962 (2.7%) 18 (4.1%) 92 (3.8%) 36 (8.1%) 0 (0%)

*as defined by SwissDRG (within 18 days after discharge)

fore hospital admission (OR 0.43 [95% CI: 0.34–0.55])
and rehospitalisation (OR 2.34 [95% CI: 1.44–3.82]).
MDC did not show any significant association with the
NSO and has been removed from the model, based on an
LR test (p = 0.11). Concerning the NSO of in-hospital mor-

tality, we found the strongest association with the MDC
"myeloproliferative Disease & Disorders" (OR 3.90 [95%
CI: 3.26–4.67]) and the living situation before hospital ad-
mission (OR 0.58 [95% CI: 0.51–0.67]). Gender did not
show any significant association with the NSO and has
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been removed from the model, based on an LR test (p =
0.05).

All final models showed a good AUC in both the training
set (AUC range: 0.75–0.84) and the test set (AUC range:
0.77–0.81), respectively. We did not observe a decrease in
discrimination between the training and test sets (p >0.05)
(table 3).

Benchmarking between different hospitals

While the prevalence of hospital-acquired pressure ulcer (≥
stage II) was lower in hospital A and higher in hospital F,
there were no differences among the remaining hospitals.
Hospitals C and D showed a higher prevalence of hospital-
acquired urinary tract infection, while hospitals B, F, and
G showed a lower prevalence and two hospitals (A and E)
showed no difference compared to the other hospitals in-
cluded. When comparing with the six remaining hospitals,

Figure 1: Flow chart of study patients.

Figure 2: Crude and adjusted association of the nursing-sensitive outcomes between the participating hospitals. Marked green: significantly
lower odds compared to all other hospitals Marked red: significantly higher odds compared to all other hospitals
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Table 3:
Adjustment model per nursing-sensitive outcome.

Outcome Covariates Odds ratio (95%
CI)***

AUC (95% CI) train-
ing set***

AUC (95% CI) test
set***

P value** % Cor-
rectly
classified

Hospital-acquired
pressure ulcer (stage II
or greater)

Age 1.02 (1.02–1.03) 0.78 (0.76–0.81) 0.77 (0.72–0.82) 0.82 98%

Charlson Comorbidity Index 1.04 (1.00–1.08)

Diabetes present 1.40 (1.12–1.75)

Gender* 0.87 (0.71–1.06)

In-hospital death 3.75 (2.80–5.00)

Length of stay 1.06 (1.05–1.07)

Major Diagnostic Category* 1.01 (0.99–1.04)

Peripheral vascular disease present 1.59 (1.22–2.07)

Pressure ulcer stage I present 7.00 (4.90–9.90)

Urinary tract infection 1.50 (1.15–1.96)

Type of hospital* 1.12 (0.97–1.29)

Hospital-acquired uri-
nary tract infection

Age 1.04 (1.04–1.05) 0.76 (0.75–0.77) 0.75 (0.72–0.77) 0.63 93%

Charlson Comorbidity Index* 1.01 (0.99–1.03)

Diabetes present 1.18 (1.06–1.33)

Gender 0.41 (0.37–0.45)

Length of stay 1.07 (1.06–1.07)

Major Diagnostic Category 0.96 (0.95–0.97)

Paraplegia present 3.10 (2.08–4.62)

Type of hospital* 1.06 (0.99–1.13)

In-hospital mortality Age 1.05 (1.04-1.05) 0.81 (0.80–0.83) 0.81 (0.78–0.83) 0.58 99%

Charlson Comorbidity Index 1.14 (1.11–1.16)

Gender* 1.08 (0.97–1.20)

Length of stay 0.97 (0.97–0.98)

Major Diagnostic Category "Myeloprolif-
erative Diseases & Disorders"

3.90 (3.26–4.67)

Major Diagnostic Category 0.95 (0.93–0.97)

Living situation before hospital admis-
sion

0.58 (0.51–0.67)

Type of hospital 0.76 (0.71–0.82)

(Non-ventilator)hospi-
tal-acquired pneumo-
nia

Age 1.03 (1.02–1.04) 0.84 (0.82–0.87) 0.81 (0.76–0.86) 0.18 99%

Charlson Comorbidity Index 1.09 (1.05–1.12)

Gender 1.53 (1.22–1.92)

Length of stay 1.09 (1.08–1.10)

Living situation before hospital admis-
sion

0.43 (0.34–0.55)

Major Diagnostic Category* 0.98 (0.95–1.01)

Rehospitalisation 2.34 (1.44–3.82)

Type of hospital 1.36 (1.13–1.62)

*Removed from the final training & test sets based on the results of a LR test

** Association between training and test sets

*** Excluding the variables that have been removed after the LR test

in-hospital mortality was lower in hospitals B, E, F and G
and higher in hospitals A and C, respectively. Prevalence
of hospital-acquired pneumonia was lower in hospitals A,
E, F and G, but higher in hospital C (figure 2).

Discussion

The key findings of this study are two-fold: first, the de-
rived and validated prediction models showed a good dis-
crimination ability for four well-studied NSOs (hospital-
acquired pressure ulcer (≥ stage II), hospital-acquired
urinary tract infection, non-ventilator hospital-acquired
pneumonia, and in-hospital mortality). Second, we found
relevant variation in risk of achieving an adverse NSO,
suggesting that the outcome-related quality of nursing care
differs among the investigated hospitals.

The indicators presented in this study may help to compare
quality of care between NSOs of different hospitals using

uniformly defined administrative data. This approach al-
lows a timely evaluation of the results without additional
effort for data generation. Internationally, mainly admin-
istrative data is used in the development of NSO-sets. A
recent example is the nursing-sensitive outcome indica-
tor suite for monitoring public patient safety in Western
Australia, which was shown to be methodologically robust
[46]. These results are largely consistent with the C-statis-
tics in our study, confirming the external validity of our re-
sults.

Regarding hospital-acquired pressure ulcer (≥ stage II), we
found little variance between the hospitals. On the one
hand, the reason may be missing data due to underreport-
ing [47]. Although, cross-sectional surveys by the ANQ
showed similar but even lower prevalence rates (1.8%)
compared to our study data (1.92%). It has been reported
that administrative data do not provide valid data for this
NSO due to several reasons [48–50]. This fact seems to
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be confirmed in our data, as we would expect prevalence
rates of five percent or higher [51, 52]. Therefore, before
using administrative data to calculate the frequency of this
NSO, we recommend reviewing the guideline-compliant
documentation of the NSO in the electronic documenta-
tions as well as the coding procedure. On the other hand, it
is important that the selected outcomes also have a clinical-
ly relevant frequency and variability. Otherwise, they offer
no benefit in terms of quality development. Regarding hos-
pital-acquired urinary tract infection the measured preva-
lence in our cohort (6.78%) is consistent with the expected
prevalence (between 5.1 and 9.4% [53]), so we do not ex-
pect relevant under- or over-recording in the administrative
data used.

With regards to the application of the developed method as
a benchmark comparison by means of real-world data, two
hospitals (B and E) showed a tendency towards lower risks
in all NSOs, with some being statistically significant. Oth-
er hospitals, however, had higher risks of all (C) or almost
all (D) NSOs, again with some reaching statistical signif-
icance. While our results should not be used for judging
on a hospital’s quality per se, it may provide an overview
nevertheless which is notably more comprehensive than re-
porting individual outcomes based on cross-sectional sur-
veys. For future studies, evaluations at the ward level are
needed so that it can be investigated whether the preva-
lence and variation of the outcomes show relevant differ-
ences between the wards. Results on this level may support
decision makers to reevaluate their pathways in providing
care and thus to improve quality of nursing care. Nursing-
related reasons for the differing frequency of negative out-
comes could be, for example, an inadequate skill and grade
mix, staffing ratios, or insufficiently planned or standard-
isednursing processes [54].

The strength of this study is the large sample size. While
this study covers hospitals from different regions in
Switzerland, results might be generalisedat a larger level.
However, the results of this study must be interpreted in
the context of the study design. First, the use of admin-
istrative data is prone to information bias as hospitalisa-
tions will be selected according to the ICD-10 codes with
the risk of misclassification and underreporting of diag-
noses. Thus, frequency of NSO is usually underestimat-
ed, especially due to its low financial relevance [55, 56].
Second, we did not have severity estimates of the hospi-
talised cases. Third, the non-experimental, observational
design of our study limits the ability to draw a firm causal
link. Fourth, since we do not have information about clin-
ical parameters, we will be unable to account for unmea-
sured residual confounding and we were limited in select-
ing all appropriate covariates for the models. Fifth, we did
not have data on nurse staffing in the study period. Sixth,
external validation of our models is needed in follow-up
studies.

Conclusion

The application of risk adjustment when comparing quality
of nursing care enables a more objective assessment across
hospitals or wards with heterogeneous patient populations.
This approach has potential to establish a set of bench-
marks allowing comparison of quality of nursing care be-
tween different hospitals or wards with manageable effort.
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Appendix

Figure S1: Model fit by decile (hospital-acquired pressure ulcer (≥
stage II).

Figure S2: Model fit by decile (hospital-acquired urinary tract in-
fection).

Figure S3: Model fit by decile (in-hospital mortality).

Figure S4: Model fit by decile (non-ventilator hospital-acquired
pneumonia).
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Table S1:
Covariates

Variable Description

Age Age at hospital admission (full years)

Gender 1 if male; 0 if female

Charlson Comorbidity Index (CCI) Integer between 0 and 29: The CCI is a method of categorising comorbidities of patients based on the International Classification
of Diseases (ICD) diagnosis codes. Each comorbidity category has an associated weight (from 1 to 6), based on the adjusted risk
of mortality or resource use, and the sum of all the weights results in a single comorbidity score for a patient. A score of zero indi-
cates that no comorbidities were found. The higher the score, the more likely the predicted outcome will result in mortality or higher
resource use (19).

Length of hospital stay Integer between 1 and 90 (see exclusion criteria); Length of stay of one patient = date of discharge - date of admission

Major Diagnostic Category according to
DRG

Refers to the chapter structure of the Swiss DRG catalog; Coded as integer between 1 and 20. (Example: Main Diagnostic Catego-
ry "Certain infectious and parasitic diseases" (Chapter 1) = 1.)

Type of hospital According to hospital typology (Swiss Federal Statistical Office); Coded as integer between 1 and 4:

K122 = 1

K121 = 2

K112 = 3

K111 = 4

In-hospital death 0 = not deceased during hospitalisation

1 = deceased during hospitalisation

Presence of diabetes 0 = diabetes not present (according to CCI)

1 = diabetes present (according to CCI)

Peripheral vascular disease present 0 = Peripheral vascular disease not present (according to CCI)

1 = Peripheral vascular disease present (according to CCI)

Presence of a stage I pressure ulcer 1 = Stage I pressure ulcer present (DRG-codes: L8900; L8901; L8902; L8903; L8904; L8905; L8906; L8907; L8908; L8909)

0 = Stage I pressure ulcer not present

Presence of urinary tract infection 1 = urinary tract infection present (DRG-codes: T835; N390)

0 = urinary tract infection not present

Living situation before hospital admission 1 = Lived in own home before hospitalisation (no institution)

0 = Has lived in an institution before admission to hospital (e.g., retirement home, nursing home)

Readmission 1 = case is readmitted to the same hospital within 18 calendar days of discharge and both cases fall into the same MDC

0 = no readmission that meets the above criteria

MDC "Myeloproliferative Disease & Disor-
der" present

1 = Disease from the main Diagnostic category "Myeloproliferative Diseases & Disorders" present.

0 = No disease from the main Diagnostic category "Myeloproliferative Diseases & Disorders" present.
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