TITLE:  The association between ward staffing levels, mortality and hospital readmission in older hospitalised adults, according to presence of cognitive impairment: a retrospective cohort study

KEYWORDS:
Workforce, cognitive dysfunction, mortality, thirty-day readmission

KEY POINTS:
· Mortality in hospital is known to be influenced by levels of registered nurse staffing.
· Post-surgical studies suggest that people with cognitive impairments may be more sensitive to the effects of lower staffing.
· We found higher nurse staffing was associated with reduced mortality, with greater effect in cognitively impaired patients.
· Higher nurse staffing levels were also associated with a reduction in readmissions for patients with cognitive impairment.
· [bookmark: _Hlk32346288]Increased nursing assistant hours benefitted cognitively impaired patients but increased mortality in the cognitively intact.
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ABSTRACT 
Background
Lower nurse staffing levels are associated with increased hospital mortality. Older patients with cognitive impairments have higher mortality rates than similar patients without cognitive impairments and may be additionally vulnerable to low staffing.
Objectives
To explore associations between registered nurse (RN) and nursing assistant (NA) staffing levels, mortality and readmission in older patients admitted to general medical/surgical wards.
Research Design
Retrospective cohort.
Participants
All unscheduled admissions to an English hospital of people aged ≥75 with cognitive screening over 14 months. 
Measures
The exposure was defined as deviation in staffing hours from the ward daily mean, averaged across the patient stay. Outcomes were mortality in hospital/ within 30 days of discharge and 30-day re-admission. Analyses were stratified by cognitive impairment.
Results
12,544 admissions were included. Patients with cognitive impairment (33.2%) were exposed to similar levels of staffing as those without. An additional 0.5 RN hours per day was associated with 10% reduction in the odds of death overall (Odds Ratio 0.90 [95% CI 0.84-0.97]): 15% in patients with cognitive impairment (OR 0.85 [0.74-0.98]) and 7% in patients without (OR 0.93 [0.85-1.02]). An additional 0.5 NA hours per day was associated with a 15% increase in mortality in patients with no impairment. Readmissions decreased by 6% for an additional 0.5 RN hours in patients with cognitive impairment.  
Conclusions
Although exposure to low staffing was similar, the impact on mortality and readmission for patients with cognitive impairment was greater. Increased mortality with higher NA staffing in patients without cognitive impairment needs exploration. 


INTRODUCTION
[bookmark: _Hlk32408101]Older hospitalised patients with cognitive impairments are at greater risk of death, longer hospital stays and increased early readmissions than otherwise similar patients without such impairments [1, 2]. Such patients need complex care to avoid deterioration in hospital, e.g. support with food and fluid intake, mobilisation, and prevention of hospital-acquired complications including delirium [3, 4].  Historically, hospitals have operated with lower nursing establishments on older people’s wards, and find it increasingly difficult to achieve planned staffing given staff shortages [5, 6]. Insufficient nursing resource may underlie care deficiencies in acute hospital care for people with dementia, but it is unknown how staffing levels influence outcomes such as mortality or early readmission [7].
Research in general hospital populations has established an association between lower nurse staffing levels and increased risk of death and other adverse outcomes [8-10]. The evidence is consistent with a causal relationship, with plausible mechanisms including lower adherence to observation schedules, medication errors and hospital-acquired complications [11-13]. There is less evidence concerning staff such as nursing assistants (NA) who deliver substantial amounts of direct personal care on hospital wards, and assist registered nurses with clinical duties, e.g. pressure ulcer care [14]. Associations between mortality and skill mix of the nursing team, (i.e. proportion of registered nurses of total nursing care workforce, including NA), have been demonstrated. Each 10% increase in staff with professional nursing qualifications was associated with 11% lower odds of mortality in patients aged ≥50 after general surgery in one study [15]. Richer skill mix was associated with lower proportions of nurses reporting frequent occurrence of hospital-acquired complications such as pressure ulcers, urinary tract infections and injury after falls, i.e. care-sensitive indicators which lead to longer hospital stays and further deterioration, especially in patients with dementia [15, 16]. 
The increase in mortality associated with low staffing levels may be exacerbated in patients with cognitive impairment. A study including older post-surgical patients found a 10% increase in the proportion of professional nursing staff was associated with 10% lower odds of death in patients with Alzheimer’s disease and related dementias, but only 4% lower odds in those without [17]. Qualitative evidence suggests that missed care may be related to active decision-making by staff, and that patients with dementia may be monitored less frequently [18]. Additionally, nursing staff have expressed a lack of knowledge and training in caring for older patients with cognitive impairments [19, 20]. 
This study aims to determine whether older patients with cognitive impairment are more vulnerable to the effects of staffing provision. Examining a cohort of unscheduled hospital admissions of older people, we explore associations between exposure to low nurse staffing and risk of death or readmission in all older people and according to presence of cognitive impairment. 

METHODS
Design
Retrospective cohort study using routinely collected electronic healthcare records.
Setting
A district general 1,200 bed hospital in England, including tertiary services for cancer and renal care.
Population
Unscheduled admissions of people aged ≥75 with cognitive screening performed (>80% coverage), admitted and discharged between 29th January 2014 and 31st March 2015. 
Data Sources 
Administrative and clinical databases were used to extract patient demographics, admission and discharge details, ward transfers, date of death and diagnoses, vital signs, National Early Warning Scores (NEWS), and Malnutrition Universal Screening Tool (MUST) scores. 
Patients were routinely screened for cognitive impairment as part of clinical care. An existing diagnosis of dementia was established from medical history. If no dementia, the following questions were answered from clinical assessments, patient/carer history, or medical notes: (1) “Is the patient exhibiting disturbed behaviour?” (2) “Has the patient been increasingly forgetful over the last 12 months so that it has had an impact on their daily life?” If ‘yes’ to one or both questions, an Abbreviated Mental Test (AMT) was performed. Cognitive impairment was defined as either a known diagnosis of dementia, or a positive answer to at least one screening question and AMT score ≤8. 
Staffing data was extracted from an electronic rostering system for hospital staff and a database including agency data and hospital employee supra-contract shifts. Job titles and salary bands were used to identify RNs and NAs. Information on dates, times and wards of shifts worked was aggregated for 32 defined medical and surgical ward entities.
Exposure 
Hours Per Patient Day (HPPD) was defined as the number of RN/NA/total hours worked over 24 hours per ward, divided by total patient hours (accounting for admission times and ward transfers). As staffing requirements vary by ward for each ward and for each day, we normalised the staffing level by calculating the deviation in hours per day from the ward mean. The ward means closely corresponded to the planned staffing levels shift as determined by the Safer Nursing Care Tool, thus used as reference levels [12, 21]. For each patient we calculated the mean HPPD for RNs and NAs across the study period, creating a variable which reflected the average staffing level that the patient was exposed to, relative to the ward’s planned staffing across their entire stay.  Days with highly atypical staffing patterns (generally immediately preceding ward closures or after openings or because of a mismatch between patient and staff data during ward moves) were excluded. 
The patient’s ward location at midnight was linked to HPPD data for each day of admission. Staffing exposures relative to the mean per patient admission were derived by calculating the differences between the daily RN/NA HPPD and total care hours per patient day (CHPPD) and the ward mean for the study period, then averaging the differences over the admission days. 
Outcomes
Outcomes included: (1) death in hospital or within 30 days of discharge; (2) unplanned readmission to hospital within 30 days of discharge (for patients discharged alive).  
Statistical methods
A forward stepwise multivariable logistic regression approach was used to explore associations between exposure and outcome, using Akaike and Bayesian information criteria to assess variable contribution to model fit. Analyses were performed for the whole dataset and stratified by presence/absence of cognitive impairment. Models included quadratic and cubic terms as per recent evidence [12]. Observed relationships, i.e. magnitude of associations (Odds Ratios) and their precision (95% confidence intervals), are described, with p-values relating to significance testing for the null hypothesis [22]. Confidence intervals for combined workforce terms at 0.5 hours HPPD above the mean were calculated using a linear combination of estimators. The linear combination of the staffing terms was plotted, illustrating the shape of the relationship and marginal effects relative to mean staffing when all other variables are held at the mean or reference category, displaying results within the central 80% range of the data. Patient-level risk was adjusted with covariates in Table 1. 
Admissions with no workforce data were excluded (n=24). For the remaining admissions, workforce data was unavailable for 10.2% of all days and averages/summary measures calculated from available days. Data completeness for covariates was above 99%, apart from MUST score, missing in 26.7% (n=3,346) of admissions. To maintain sample size and reduce selection bias, we included a dummy category to represent missing MUST values. Analyses were performed using Stata version 15.1 (College Station, Texas).
>>> INSERT TABLE 1
Ethics
[bookmark: _Hlk31484421]Approved by the Isle of Wight, Portsmouth and South East Hampshire Research Ethics Committee, reference 08/02/1394.

RESULTS
The dataset included 161,822 days from 12,544 patient admissions (9,643 patients). Workforce data was available for 89.8% (n=145,271) days. Overall, the median RNHPPD was 3.95 [IQR 3.4-5.06], median NAHPPD 3.23 [IQR2.66-3.88] and median total CHPPD 7.55 [IQR6.64-8.65]. The median RNHPPD by ward type varied between 3.7 in surgical wards to 7.3 in the Medical Assessment Unit, and median NAHPPD from 2.7 in medical wards to 3.8 in medicine for older people wards. The ratio of RNs to NAs (skill mix) varied from 0.5 in older people’s wards to 0.7 in the Medical Assessment Unit. 
Cognitive impairment (CI) was present in 33.2% (n=4,159) admissions, accounting for 41% of the total days of hospital stay. Patients with CI spent 53% of days on medicine for older people wards, compared to 24% for patients with no CI. (Table 2) Median total CHPPD per admission was 0.33 hours above the mean, comprised of 0.11 RN hours and 0.23 NA hours. Total CHPPD was below the mean on 35.5% of days; 42.0% of days had RN staffing below the mean and 33.6% days had NA staffing below the mean. Exposure to staffing below the mean was similar between cognitive groups. Patients with CI were older, more likely to be female, with higher NEWS, Charlson and MUST scores. The proportion of patients with two or more ward transfers were similar between groups. 
>>>INSERT TABLE 2
Overall, 14% (n=1,757) of patients died in hospital or within 30 days of discharge: 19.9% (826/4,519) of patients with CI and 11.1% (931/8,385) in those without. The readmission rate was 10.2% (1,179/11,512): 12.6% (464/3680) in those with CI vs 9.1% (715/7832) with no CI. 
Results from multivariable models are presented in table 3 with plots of associations in Figure 1. Higher levels of RN staffing were associated with reductions in mortality. For the whole cohort, reductions in mortality occurred only as staffing increased above the mean (fig 1.i), with an average additional 0.5 hours RNHPPD (relative to the ward mean) reducing the odds of death by 10% (Odds Ratio (OR) 0.90, 95% CI 0.84-0.97). The relationship with RN staffing was stronger in patients with CI, although none of the RN staffing terms reached statistical significance (fig 1.ii). An additional 0.5 hours RNHPPD above the mean was associated with a 15% reduction in the odds of death (OR 0.85 [0.74-0.98]) for patients with CI but a 7% decrease in those with no CI (OR 0.93 [0.85-1.02]) (fig 1.iii). The odds of death increased with higher NAHPPD for the whole cohort, but the association was weak and no staffing terms were statistically significant (fig 1.i). However, higher NAHPPD for patients with CI gave similar benefits to RNHPPD, with an 0.5 hour increase associated with a 12% decrease in mortality (OR 0.88 [0.75-1.02]) (fig 1.ii), as compared to a 15% increase in mortality in patients with no CI (OR 1.15 [1.02-1.29] (fig 1.iii).
>>>INSERT TABLE 3
>>>INSERT FIGURE 1
The odds of readmission decreased when patients were exposed to levels of RN staffing above the mean, with a statistically significant association in patients with CI (Table 3, Fig 1 iv-vi). An 0.5 hour increase in RNHPPD reduced the odds of readmission in patients with CI by 6% (OR 0.94 [0.82-1.06]), and by 3% in patients without CI (OR 0.97 [0.88-1.07]). Higher NA staffing was associated with increased odds of readmission overall and for patients with CI in particular, although p>0.05 for all NA staffing terms in all models (fig 1 iv-vi). 

DISCUSSION    
We aimed to determine how variation in staffing levels experienced by older patients with cognitive impairment influences adverse outcomes. We found that registered nurse and nursing assistant staffing levels are associated with the outcomes of older people with acute admissions to hospital. Higher RN staffing was associated with better patient outcomes, with improved outcomes occurring when patients experienced staffing levels above current means, especially for patients with cognitive impairment. These findings are consistent with previous evidence which found a stronger effect of RN staffing on mortality for surgical patients with dementia than for those without [17]. Higher NA staffing for patients with cognitive impairment was associated with similar reductions in mortality to higher RN staffing. However, higher NA staffing in patients without cognitive impairment was associated with an increased risk of mortality. 
Higher RN staffing was associated with a reduced risk of readmission for patients with cognitive impairment (CI).  Nurses are instrumental in the discharge process, which is particularly complex for patients with CI, and their ability to fulfil this role adequately is restricted when staffing is low [13, 23]. Furthermore, higher nurse staffing may reduce delays in organising referrals as well as physical care, medications and pain control, thereby reducing in-hospital deconditioning to which people with CI are particularly prone, thus influencing readmission rates [24, 25].   
Reductions in mortality and readmissions continued to accrue at RN staffing levels well above the mean. Older people with CI were not exposed to low staffing more than those without but did appear more vulnerable to its effects. Guidance to establish and monitor staffing levels reflects acuity and dependency, but is based at ward and specialty level, and may not accurately reflect daily changes in case-mix and complex care needs of older patients, particularly those with CI [21, 26].  It is likely further staffing adjustments would be useful for wards with older patients with complex conditions, based on a greater understanding of how staffing influences outcomes for different patient groups [27]. 
Given the dip in uptake of nursing education in the UK, loss of trained nurses and increasing numbers of unfilled nursing posts, the protective effect of higher registered nurse staffing is significant [28]. In this and other studies, reductions in mortality are only associated with higher RN staffing, which does not support arguments for substitution between RN and NA [12]  Although the nursing workforce shortage has stimulated the creation of cadres of staff such as nursing associates, the best ‘package’ of staffing numbers and education to optimise outcomes for older patients with CI remains unknown. 
[bookmark: _Hlk31974204][bookmark: _Hlk31974387]The association between higher NA staffing and higher mortality in patients with no CI reflects recent findings [12]. Patients with CI often require specialling (1:1 care) to reduce risk of harm, which may have contributed to the downward trend in mortality in this study. Thus, NA staffing exposure may differ between patients with/without CI in a ward where specialling occurs, and differences may be exaggerated with staff shortages, since specialling is a priority. A recent review concluded the impact of specialling on patient outcomes is unclear, suggesting further research to understand its impact is required [29]. 
Observed curvilinear effects may reflect differences in care focus with staffing levels, i.e. maintaining fundamentals of care and preventing acute clinical deterioration at lower staffing and providing more preventive care to reduce mortality at higher staffing levels. These relationships need to be explored more fully, by capturing data on mediators of the association between staffing levels and poor outcomes e.g. frequency of missed care, as well as intermediate outcomes (e.g. delirium, falls, malnutrition and functional decline), and move towards interventions to directly address these [30].
Strengths and Limitations
[bookmark: _Hlk29132957]This study uses a large dataset, and controls for risk factors for mortality and readmission. Although individual patient exposures to staffing are measured, using ward averages may not reflect individual-level care provision and may mask chronic ward-level understaffing. Staffing or patient-flow decisions arising during shifts could have influenced results, e.g. staff movement between wards or selective admission of patients to wards without staffing shortages, may not have been recorded. Data for other staff with important roles in the patients’ care and rehabilitation, e.g. doctors, dementia care workers, occupational therapists, speech and language therapists, dieticians and physiotherapists, was unavailable. Patient-level factors which could explain further variation, e.g. functional indicators of mobility, ability to self-care, delirium and palliative care, are not routinely collected in the electronic record but should be considered in prospective studies. 

CONCLUSIONS
For older people with cognitive impairment admitted to hospital, there are associations between higher nurse staffing and reduced mortality and readmission. People with cognitive impairment appear to benefit more from higher staffing than people without and thus may be more vulnerable to the effects of lower staffing. Increased mortality with higher nursing assistant staffing in patients without cognitive impairment needs further exploration.
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Table 2 Description of patient and staffing characteristics according to the presence of cognitive impairment 

		

		Cognitive impairment

		No cognitive impairment

		Total



		STAFFING CHARACTERISTICS



		Summary of staffing hours above/below the mean summarised by admission (median, IQR):



		RN HPPD 

		0.117

		0.490

		0.113

		0.556

		0.114

		0.531



		NA HPPD 

		[bookmark: _GoBack]0.220

		0.518

		0.226

		0.528

		0.225

		0.512



		Total CHPPD 

		0.326

		0.755

		0.330

		0.868

		0.329

		0.826



		

		

		

		



		Total days in hospital

		65,968

		95,854

		161,822



		Days with staffing below the mean (n, %):

		

		



		RN HPPD 

		27,531

		41.7%

		40,421

		42.2%

		67,952

		42.0%



		NA HPPD

		21,448

		32.5%

		32,934

		34.3%

		54,382

		33.6%



		Total CHPPD

		22,692

		34.4%

		34,735

		36.2%

		57,427

		35.5%



		

		

		

		

		

		

		



		PATIENT CHARACTERISTICS1



		Number of admissions (n)

		4,159

		8,385

		12,544



		Aged 85 and above (n, %)

		2,569

		61.8%

		3,504

		41.8%

		6,073

		48.4%



		Male sex (n, %)

		1,550

		37.3%

		3,754

		44.8%

		5,304

		42.3%



		First admission NEWS categorised as high risk (n, %) 

		277

		6.7%

		408

		4.9%

		685

		5.5%



		Charlson comorbidity score of 6 or above (n, %)

		3,298

		79.5%

		4,177

		50.3%

		7,475

		60.0%



		MUST categorised as high risk (n, %)

		871

		30.0%

		1,085

		17.2%

		1,956

		21.3%



		Days stay by ward type (n, %):

		

		



		Medical 

		11,434

		19.2%

		29,916

		35.0%

		41,350

		28.5%



		Older persons 

		31,431

		52.6%

		20,258

		23.7%

		51,689

		35.6%



		Surgical

		9,837

		16.5%

		24,942

		29.1%

		34,779

		23.9%



		MAU

		7,002

		11.7%

		10,451

		12.2%

		17,453

		12.0%



		

		

		

		

		

		

		



		HEALTHCARE CHARACTERISTICS



		Admitted via the Emergency Department (n, %)

		3,624

		 87.1%

		6,607

		78.8%

		10,231

		81.6%



		2 or more ward transfers during admission (n, %)

		1,742

		41.9%

		3,563

		42.5%

		5,305

		42.3%



		Under medical specialty at discharge (n, %)

		3,437

		82.6%

		6,136

		73.2%

		9,573

		76.3%





1 Calculated as a proportion of non-missing values
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Table 3 Multivariable models for the association between average staffing levels above/below the mean and outcomes of mortality and readmission

 

		

		RN/HCNA CHPPD average above/below the mean and mortality in hospital and within 30 days of discharge

OR [95% CI], p-value

		[bookmark: _GoBack]RN/HCNA CHPPD average above/below the mean and readmission to hospital within 30 days of discharge

OR [95% CI], p-value



		Characteristics

		Total patient group

		Patients with cognitive impairment

		Patients with no cognitive impairment

		Total patient group

		Patients with cognitive impairment

		Patients with no cognitive impairment



		

		

		

		

		

		

		



		RN CHPPD linear term

		0.91 [0.79-1.05] 

p=0.200

		0.79 [0.60-1.04]

p=0.098

		0.95 [0.79-1.15]

p=0.606

		0.97 [0.83-1.13]

p=0.695

		1.02 [0.78-1.33]

p=0.892

		0.97 [0.81-1.17]

p=0.758



		Quadratic term

		0.79 [0.67-0.92]

p=0.002

		0.81 [0.58-1.14]

p=0.222

		0.81 [0.67-0.98]

p=0.028

		0.85 [0.73-1.00]

p=0.050

		0.72 [0.52-0.98]

p=0.039

		0.95 [0.78-1.15]

p=0.594



		Cubic term

		1.04 [1.01-1.07]

p=0.009

		1.05 [0.98-1.12]

p=0.186

		1.03 [1.00-1.07]

p=0.045

		1.03  [1.00-1.06]

p=0.020

		1.06 [1.01-1.12]

p=0.016

		0.99 [0.95-1.05]

p=0.975



		NA CHPPD linear term

		1.12 [0.91-1.39]

p=0.267

		0.90 [0.60-1.34]

p=0.589

		1.34 [1.01-1.77]

p=0.039

		1.02 [0.82-1.27]

p=0.868

		1.07 [0.74-1.56]

p=0.715

		0.96 [0.73-1.27]

p=0.795



		Quadratic term

		0.86 [0.61-1.22]

p=0.409

		0.65 [0.33-1.25]

p=0.195

		0.99 [0.63-1.57]

p=0.977

		1.31 [0.91-1.88]

p=0.150

		1.41 [0.70-2.85]

p=0.333

		1.23 [0.79-1.90]

p=0.362



		Cubic term

		1.11 [0.95-1.30]

p=0.179

		1.31 [1.01-1.70]

p=0.045

		0.95 [0.75-1.21]

p=0.695

		0.82 [0.65-1.02]

p=0.076

		0.81 [0.53-1.24]

p=0.336

		0.85 [0.64-1.13]

p=0.265



		

		

		

		

		

		

		



		Cognitive impairment present

		1.50 [1.32-1.70]

p<0.001

		N/A

		N/A

		1.34 [1.16-1.53]

p<0.001

		N/A

		N/A



		

		

		

		

		

		

		



		Age (years)

		

		

		

		

		

		



		75-791

		0

		0

		0

		-

		-

		-



		80-84

		1.23 [1.04-1.45]

p=0.015

		1.08 [0.74-1.59]

p=0.689

		1.40 [1.14-1.73]

p=0.009

		-

		-

		-



		85-89

		1.47 [1.25-1.74]

p<0.001

		1.20 [0.83-1.75]

p=0.338

		1.69 [1.37-2.09]

p<0.001

		-

		-

		-



		90-94

		1.68 [1.40-2.02]

p<0.001

		1.46 [0.99-2.16]

p=0.057

		1.93 [1.51-2.47]

p<0.001

		-

		-

		-



		≥95

		1.86 [1.43-2.40]

p<0.001

		1.77 [1.10-2.86]

p=0.020

		2.41 [1.65-3.52]

p<0.001

		-

		-

		-



		

		

		

		

		

		

		



		Sex

		

		

		

		

		

		



		Male1

		0

		0

		0

		-

		-

		-



		Female

		0.77 [0.69-0.86]

p<0.001

		0.63 [0.50-0.78]

p<0.001

		0.80 [0.69-0.93]

p=0.004

		-

		-

		-



		

		

		

		

		

		

		



		NEWS

		

		

		

		

		

		



		Low1

		0

		0

		0

		0

		0

		0



		Medium

		2.09 [1.78-2.46]

p<0.001

		1.83 [1.31-2.55]

p<0.001

		2.28 [1.84-2.82]

p<0.001

		1.15 [0.94-1.42]

p=0.179

		1.18 [0.84-1.66]

p=0.334

		1.13 [0.87-1.47]

p=0.361



		High

		3.22 [2.66-3.88]

p<0.001

		2.60 [1.81-3.73]

p<0.001

		3.62 [2.81-4.68]

p<0.001

		1.30 [0.99-1.69]

p=0.051

		1.26 [0.84-1.90]

p=0.264

		1.33 [0.94-1.88]

p=0.108



		

		

		

		

		

		

		



		Charlson score

		

		

		

		

		

		



		01

		0

		0

		0

		0

		0

		0



		1-5

		1.12 [0.90-1.39]

p=0.311

		1.49 [0.66-3.35]

p=0.333

		1.23 [0.95-1.59]

p=0.115

		1.06 [0.86-1.31]

p=0.579

		1.02 [0.65-1.59]

p=0.945

		1.09 [0.86-1.38]

p=0.491



		6+

		1.89 [1.62-2.21]

p<0.001

		1.38 [0.85-2.24]

p=0.195

		2.19 [1.81-2.65]

p<0.001

		1.29 [1.11-1.51]

p=0.001

		1.00 [0.75-1.33]

p=0.983

		1.44 [1.19-1.73]

p<0.001



		

		

		

		

		

		

		



		MUST score

		

		

		

		

		

		



		Low1

		0

		0

		0

		-

		-

		-



		Medium

		1.47 [1.19-1.82]

p<0.001

		1.35 [0.86-2.13]

p=0.188

		1.45 [1.10-1.91]

p=0.009

		-

		-

		-



		High

		2.69 [2.34-3.10]

p<0.001

		2.98 [2.26-3.92]

p<0.001

		2.63 [2.17-3.19]

p<0.001

		-

		-

		-



		Missing

		1.28 [1.17-1.48]

p<0.001

		1.36 [1.03-1.79]

p=0.028

		1.28 [1.06-1.54]

p=0.010

		-

		-

		-



		

		

		

		

		

		

		



		Ward transfers

		

		

		

		

		

		



		None or 11

		0

		0

		0

		0

		0

		0



		2 or more

		0.46 [0.41-0.52]

p<0.001

		0.36 [0.28-0.46]

p<0.001

		0.56 [0.48-0.67]

p<0.001

		1.19 [1.04-1.36]

p=0.013

		1.13 [0.91-1.41]

p=0.256

		1.22 [1.02-1.45]

p=0.028



		

		

		

		

		

		

		



		Route of admission via emergency department

		0.84 [0.73-0.98]

p=0.026

		0.98 [0.71-1.36]

p=0.907

		0.81 [0.67-0.98]

p=0.026

		-

		-

		-



		

		

		

		

		

		

		





1 Reference category

Note: Control variables for diagnostic groups (mortality models only) and discharge specialty (mortality and readmission models) were included but not presented here.
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Table 1 Description of covariates

		Variable description

		Categorisation



		Patient demographics

		



		Age

		5-year age bands: 75-79, 80-84, 85-89, 90-94, ≥95



		Gender

		Male, female



		Clinical characteristics

		



		Cognitive impairment

		Defined as any patient with a known diagnosis of dementia, or with an AMTS of ≤8 during the cognitive screening process. Patients not meeting these criteria was classified as ‘no cognitive impairment’.



		Primary diagnosis group, based on Summary Hospital Mortality Indicator (SHMI) Clinical Coding System (CCS) bundles (original diagnoses use International Classification of Disease 10)

		System-organ classes, with the exception of codes relating to ‘infection’ which were grouped as a separate category, regardless of organ system. 



		Charlson co-morbidity index (CCI)

		CCI 0=1; CCI 1-5=2; CCI>5=3 



		National Early Warning Score (NEWS) value at admission

		Severity of illness categories: NEWS value 0-4=low; NEWS value 5-6=medium; NEWS value ≥7=high 



		Malnutrition Universal Screening Tool (MUST) score at admission

		0=low risk, 1=medium risk, ≥2=high risk



		Health service characteristics

		



		Route of admission

		“Emergency - Accident and Emergency Department” and “Other” – which includes Emergency – GP, outpatient, other NHS provider etc.



		Ward transfers

		Two or more ward transfers during admission (yes/no) (does not include transfer from Medical Assessment Unit to initial ‘home’ ward)



		Discharge specialty

		Medicine (includes medical specialties and medicine for older people), non-medicine (includes surgery, trauma and orthopaedics)
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Figure 1 Graphs of predicted probabilities of mortality and readmission by cognitive impairment status
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(i) Mortality: whole cohort



RN	-0.5	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.98346047232055311	0.99750169874537675	1.0060373865638328	1.0091611859692138	1.007059424986793	1	0.98831968024430272	0.97241047573164707	0.95270568350721152	0.92966616512344213	0.90376732644304336	0.87548717712431179	0.84529574866194557	0.81364605297675674	NA	-0.5	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9483258896881156	0.96917380072933856	0.98626090269596245	1	1.0108766193791288	1.0194318793325139	1.0262475045431734	1.0319337112515234	1.0371204717579552	1.0424524922196841	1.0485881205166352	1.0562023482569103	average care hours per patient day relative to ward mean 





% change in probability of death









(ii) Mortality: patients with cognitive impairment
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% change in probability of death









(iii) Mortality: patients with no cognitive impairment
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% change in probability of death









(iv) Readmission: whole cohort
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% change in probability of readmission









(v) Readmission: patients with cognitive impairment



RN	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.93716979112864518	0.96332652500574778	0.98253814052064081	0.99472991424208657	1	0.998603495424503	0.99093147651712143	0.9774866288646249	0.95885709493560478	0.93569003787517813	0.908666220576961	0.87847664408189452	NA	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	1.0164487621817155	1.0018994283643998	0.99688561302376699	1	1.0100411179438167	1.0259197728827218	1.0465836576106771	1.0709559556259727	1.097886119515268	1.12611284231998	1.1542406655447894	1.1807326806038208	average care hours per patient day relative to ward mean 





% change in probability of readmission









(vi) Readmission: patients with no cognitive impairment



RN	-0.5	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	1.0022706201533496	1.0038797851112826	1.0044635245029516	1.0040140209731465	1.0025266430411459	1	0.99643598019684576	0.99183977218829267	0.98621986838671094	0.97958805094081691	0.97195935972617342	0.96335204245684969	0.95378748706725036	0.94329013665165529	NA	-0.5	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	1.0343139464496949	1.0169433721604688	1.0058983877570162	1	0.99818267488788959	0.99944704635534387	1.0028243650396393	1.0073511497454666	1.0120533582153663	1.0159399592298641	1.0180060912694733	1.0172460368246803	average care hours per patient day relative to ward mean 





% change in probability of readmission










