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ABSTRACTABSTRACT

INTRODUCTION.INTRODUCTION. Frailty is common in older adults. Many approaches exist to care of hospitalised older medical inpatients. The
objectives of this study were to 1) describe frailty occurrence and 2) explore associations between frailty, type of care, 30-day
readmission and 90-day mortality.

METHODS.METHODS. In a cohort of 75+-year-old medical inpatients with daily homecare or moderate comorbidity, frailty was graded as
moderate or severe using the record-based Multidimensional Prognostic Index. The emergency department (ED), internal
medicine (IM) and geriatric medicine (GM) were compared. Estimates of relative risk (RR) and hazard ratios were calculated in
binary regression and Cox regression models.

RESULTS.RESULTS. Analyses included 522 patients (61%) with moderate frailty and 333 (39%) with severe frailty. A total of 54% were
females, and the median age was 84 years (interquartile range: 79-89). In GM, the distribution of frailty grade differed
significantly from that of the ED (p < 0.001) and IM (p < 0.001). GM had the highest occurrence of severely frail patients and
the lowest readmission rate. Compared with GM, the adjusted RR for readmission in ED was 1.58 (1.04-2.41), p = 0.032; and in
IM: 1.42 (0.97-2.07), p = 0.069. Between the three specialities, no differences were seen in 90-day mortality hazard.

CONCLUSION.CONCLUSION. In a regional hospital, frail older patients were discharged from all medical specialities. Admission to geriatric
medicine was associated with a lower readmission risk and no increase in mortality. Comprehensive Geriatric Assessment may
explain the observed differences in readmission risk.

FUNDING.FUNDING.  None.

TRIAL REGISTRATION.TRIAL REGISTRATION. Not relevant.

Frailty is associated with chronological age and predicts hospital readmission risk and mortality [1]. Frailty is
defined as a state of reduced resilience to stressful events, resulting in an inappropriate response to
environmental and health-related changes [2]. Previously, we found that 49% of older (75+ years) medical
inpatients were frail at discharge [3]. During hospital admission, several approaches to the treatment and care of
frail older patients apply. The Comprehensive Geriatric Assessment (CGA) is offered as a part of standard care in
geriatric wards. The CGA is defined as "a multidisciplinary diagnostic and treatment process that identifies
medical, psychosocial, and functional limitations of a frail older person in order to develop a coordinated plan to
maximise overall health" [4]. The effect of CGA on mortality and readmission is disputed [5-7]. A pre-post cohort
study compared CGA to standard care in an emergency department (ED) and reported a significant reduction of
the 30-day readmission rate [8].
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The CGA is offered as a standard component of ED care in some hospitals [7] but is not universally implemented
because of political priorities and a shortage of qualified staff. Similarly, geriatric assessment is not a part of
usual medical care for frail patients admitted outside geriatric wards. Different approaches to frailty may reflect
in frailty-related outcomes. Hence, the presence of frailty among hospitalised older medical patients is of
considerable clinical interest.

The objectives of this study were to: 1) describe and compare frailty in older medical patients admitted to a
regional hospital and distributed in an ED, a group of medical wards and a geriatric ward; and 2) explore possible
associations between three clinical approaches (ED, internal medicine and geriatric medicine) to frailty, risk of
30-day readmission and 90-day mortality.

METHODSMETHODS

DesignDesign

We conducted a post-hoc analysis of a historical cohort of older medical inpatients [3]. Patients were
consecutively included in the cohort when discharged from the hospital from 1 January to 21 June 2019. The
inclusion and exclusion criteria were similar to those used in the original cohort study [3]: age 75 years or older;
discharge from ED or medical departments at Randers Regional Hospital; reliance on daily assistance and/or a
Charlson Comorbidity Index [9] ≥ 1; no hip fracture; not declared terminally ill or receiving palliative care upon
admission.

The Multidimensional Prognostic Index (MPI) is a validated frailty measure originally developed for bedside use
[10]. It includes information on physical functional capacity, cognitive status, co-morbidity, nutritional status,
risk of pressure sores, use of medication and cohabitation, producing a tripartite frailty score (range: 1-3) [10].
Recently, the record-based MPI (rMPI) was validated on data collected from the patients' electronic health
record for use in research [3, 11]. Like bedside MPI, the rMPI predicts unplanned readmission and mortality [3].
Here, we focused specifically on frail patients, defining frailty as an rMPI score ≥ 2 on the day of discharge.
Patients were considered moderately frail with an rMPI score = 2, and severely frail with an rMPI score = 3.

Population and settingPopulation and setting

Randers Regional Hospital is a public hospital located in the Central Denmark Region. The hospital covers four
municipalities including a total of 227,000 inhabitants, 11% aged 75 years or older [12]. The hospital handles
acute assessment, treatment and care of all medical conditions, except patients with ST-segment elevation acute
myocardial infarction and stroke who are redirected to a nearby university hospital. In the ED, medical patients
are assessed by a team of medical doctors dedicated to emergency medicine, medical doctors dedicated to
internal medicine and nurses. Based on the initial assessment, patients are either discharged to primary care or
referred for further in-hospital treatment. Patients discharged directly from the ED receive individualised
assessment and treatment of their acute condition. The remaining patients are allocated to sub-specialised
wards, e.g., cardiology and respiratory medicine, depending on their index diagnosis and the availability of
medical beds. They receive sub-specialised medical treatment and care during admission. All patients referred
for geriatric medicine receive multidisciplinary CGA. The CGA is performed by a team of doctors (senior
geriatrician, registrars in geriatric medicine and junior medical doctors), nurses, occupational therapists and
physiotherapists trained in geriatric care. An individualised treatment and care plan is prepared based on the
assessment, involving the patient and his/her relatives.

.
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OutcomesOutcomes

The primary outcome was frailty grade measured by the rMPI. Secondary outcomes were unplanned 30-day
readmission and all-cause 90-day mortality.

Data collectionData collection

The patients were frailty rated retrospectively by a trained registrar in geriatric medicine (TKH) [3]. Data were
stored in a web-based data-recording system [13]. Further descriptive characteristics on sex, age, index diagnosis
and outcome measures were collected retrospectively from the electronic health record, which is linked to the
Civil Registration System [14].

Statistical analysesStatistical analyses

The patients were stratified into three groups based on their allocation at discharge: 1) ED; 2) internal medicine
(cardiology, respiratory medicine, infectious medicine, rheumatology, gastroenterology and endocrinology);
and 3) geriatric medicine. First, we established and compared the patients' frailty grade across the ED, internal
medicine wards and geriatric medicine. Second, comparisons of readmission and mortality risk were made.
Inter-ward frailty score comparisons were made using the Kruskal-Wallis nonparametric ANOVA. Pairs of wards
were compared using Dunn's test. Relative risk (RR) estimates for 30-day readmission were calculated in a binary
regression model. Cumulative incidence of readmission was displayed with mortality as a competing risk factor
using the Aalen-Johansen estimator. Hazard ratio (HR) estimates for 90-day mortality were calculated in a Cox
regression model. Both models were adjusted for unevenly distributed variables and tested for interaction. The
proportional hazards assumption was checked using log-log plots and by plotting the predicted versus the
observed values. All assumptions were met.

Calculations were made using Stata version 17.0. The significance level was ≤ 0.05. Multiple comparisons
significance levels were corrected using Bonferroni correction.

EthicsEthics

The project was approved as a quality development project by the local hospital administration and the Regional
Research Ethics Committee (197/2017). No further approval was required according to Danish law.

Trial registration: not relevant.

RESULTSRESULTS

Descriptive characteristicsDescriptive characteristics

Among the 855 included patients, 54% were female. The median age was 84 years. Age was unevenly distributed
between the wards with the oldest patients being discharged from the geriatric ward. The median length of stay
(LOS) was four days, ranging from one day in the ED to eight days in geriatric medicine. Though all included
patients were frail, patients discharged from geriatric medicine were more likely to be discharged to an
institutionalised living facility, had a lower physical functional capacity and a higher degree of comorbidity. The
patients are further described in Table 1Table 1.
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FrailtyFrailty

In total, 61% (n = 522) of the cohort was categorised as moderately frail (rMPI = 2) and 39% (n = 333) as severely
frail (rMPI = 3). The highest percentage of severe frailty was seen in patients discharged from geriatric medicine.
The distribution of moderate and severe frailty at discharge is presented in Figure 1Figure 1.

.
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When pairs of wards were compared for rMPI, the Bonferroni-corrected significance level was 0.008. The frailty
distribution in the ED was not significantly different from the distribution in internal medicine (p = 0.04),
whereas the distribution in geriatric medicine was different from both the ED (p < 0.001) and internal medicine
(p < 0.001).

30-day readmission and 90-day mortality30-day readmission and 90-day mortality

Readmission and mortality rates are displayed in Table 2Table 2. The overall 30-day readmission rate was 24% (n = 208).
Compared with geriatric medicine, the risk of readmission within 30 days after discharge was 61% higher (95%
confidence interval (CI): 12-132%) among frail patients discharged directly from the ED (p = 0.01) and 50% higher
(95% CI: 4-115%) among frail patients discharged from internal medicine. A similar pattern was seen when
adjusting the relative risk for age, frailty grade, LOS and index diagnosis. Chronological age was not significantly
associated with readmission risk (p = 0.08). Using five-year age strata, the analysis showed that higher age was
associated with a reduced readmission risk, with a risk difference of –3% (95% CI: –6% to –1%) per five-year age
increase (p = 0.013). No significant interactions were observed for 90-day mortality.

.
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Mortality was a competing risk to readmission, which was not adjusted for in the RR estimates. Instead, the
analysis was adjusted for rMPI and thus indirectly for mortality. The 30-day readmission rate with mortality as a
competing risk is displayed in Figure 2Figure 2. As far as 90-day mortality is concerned, a non-significant, lower
mortality hazard was observed in both the ED and internal medicine than in geriatric medicine. Adjusting the
model for age, LOS, leading cause of admission and frailty further reduced the difference in mortality hazard.

.
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DISCUSSIONDISCUSSION

The main result was that the risk of readmission was lower among frail patients who received CGA during
admission, without any increase in mortality. In line with our results, other studies reported a preventive effect
of the CGA on readmission. Conroy et al. [8] compared the CGA to standard care among medical patients in an
ED and found lower readmission rates among the oldest patients receiving CGA. Comparing CGA to standard
care, Oates et al. [15] observed no difference in readmission risk despite higher degree of frailty among the
patients receiving CGA. In contrast, two large randomised controlled trial (RCT)-based systematic reviews [5, 6]
reported little or no difference in readmission risk when comparing CGA to standard care. Similarly, Gregersen
et al. [7] observed no difference in 30-day readmission risk between 80+ year-old patients receiving CGA in a
geriatric department and patients receiving standard medical care.

One possible explanation for the difference between our findings and some previous studies is the inclusion
method. The rMPI allowed us to include all hospitalised frail older patients regardless of their age and physical
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and cognitive capacity. Similarly, we were able to include patients without clearly defined conditions and
patients diagnosed with multiple medical conditions. Our data visualised that moderate and severe frailty is a
common condition among acutely admitted older medical patients discharged from all types of medical wards,
including the ED. Although older, frail patients are the main target group of CGA, they were likely excluded from
previous studies. The highest occurrence of severe frailty was observed among patients discharged from
geriatric medicine. This result is in line with a previous frailty prevalence study using the Groningen Frailty
Indicator at hospital admission [16]. Many moderately and severely frail patients were discharged directly from
the ED or referred to other medical specialities, indicating that assessment and care within the framework of
frailty should not be confined to older patients admitted to geriatric medicine.

Furthermore, other factors than the consistent offer of CGA to patients admitted to geriatric medicine may have
influenced our results. Frail patients discharged from geriatric medicine were older, had longer admissions and
were more frequently discharged to institutionalised living. Furthermore, the leading admission causes were
unequally distributed across ED, internal medicine and geriatric medicine. However, when adjusting for these
factors, our data still suggest a beneficial effect of admission to the geriatric ward. Other potential confounders,
such as type of dwelling, physical functional capacity and comorbidity, were accounted for in the analyses by
adjusting for frailty grade. The longer LOS among patients discharged from geriatric medicine may, in part, be
explained by the CGA, which may be more time consuming than standard medical care. In our data, the return
was prevention of a marked number of readmissions. The CGA may require more resources up front, but the
real cost-effectiveness of CGA remains an important issue for future studies.

We argue that the CGA played an important role in reducing readmission risk among the frail older patients in
our cohort. Multidisciplinary CGA includes tailored care planning and involvement of the patients' relatives,
revealing multiple medical and social issues associated with readmission [17]. The CGA offers a systematic
approach to uncover all aspects of illness and disease in older patients [18]. Therefore implementing the CGA
among frail older medical patients may play an important role in future clinical practice. Training of healthcare
professionals working outside the context of geriatric medicine in the handling of frail patients is essential as
most frail older patients present to other internal medicine specialities during hospitalisation.

We observed no statistically significant difference in 90-day mortality across the wards though a trend of a lower
mortality among patients discharged from the ED and internal medicine was observed. This was unsurprising as
the rMPI is a well-established predictor of mortality [10]. However, the study did not have the power to make
reliable comparisons of mortality.

Strengths and limitationsStrengths and limitations

The strength of our work lies in the record-based frailty assessment and the dichotomous register-based
outcomes, reducing the risk of selection bias and avoiding loss to follow-up. Still, the study design and sample
size did not allow us to make further analyses of sub-groups, e.g., based on type of dwelling, specific diagnoses
or age strata. This may have influenced the results as some dwellings and diagnoses may be associated with
higher readmission risk, and readmission risk may be lower among the oldest old (90+ year olds). Despite
adjustment for potential confounders, some residual confounding cannot be excluded. Our study was a post-hoc
analysis of a previous study based on a cohort from a single medical centre. However, the cohort represents the
full load of frail medical patients discharged from the hospital during almost six months, and the cohort is
comparable to frail older medical patients elsewhere. The study was not blinded, which may have affected the
results as some patients may attract more attention from primary care after discharge than other patients.
Furthermore, not all readmissions may be considered unnecessary or preventable [19].
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CONCLUSIONCONCLUSION

Frail older patients are discharged from all medical specialities at regional hospitals. The most severely frail
patients were admitted to geriatric medicine in our data. Yet, these frailer patients had a lower 30-day
readmission risk without any change in 90-day mortality. CGA was identified as a difference in the evaluation
offered exclusively in geriatric medicine. Extending the use of the CGA beyond the geriatric departments may
potentially reduce readmission rates among frail older patients in all medical specialities.
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