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Functional trajectories
associated with acute illness and
hospitalization in oldest old
patients: Impact on mortality
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Background: The literature pays low attention to functional changes during
acute illness in older patients. Our main objectives were to separately
describe the different functional changes occurring before and after
hospital admission in oldest old medical patients, to investigate their
association with mortality, and identify predictors associated with in-
hospital failure to recover function.

Methods: Secondary analysis of data from a prospective cohort study
conducted in a tertiary teaching hospital. The study followed the STROBE
criteria. The sample included 604 consecutive patients aged 65 or older
hospitalized for acute illness, discharged alive, and not fully dependent at
baseline. Activities of daily living measured at baseline, admission, and
discharge were used to classify patients into four functional trajectories
depending on whether they decline or remain stable between baseline and
admission (prehospital) and whether they decline, remain stable, or recover
baseline function between admission and discharge (in-hospital). Multivariate
models were used to test the association between functional trajectories with
mortality, and predictors for in-hospital recovery.

Results: Functional trajectories were: “stable-stable” (18%); “decline-recovery”
(18%); “"decline-no recovery” (53%); "in-hospital decline” (11%). Prehospital
decline occurred in 75% and 64% were discharged with worse function than
baseline. “In-hospital decline” and “decline-no recovery” trajectories were
independently associated with higher 6- and 12-month mortality. Extent of
prehospital decline and dementia were predictors of failure to in-hospital
recovery.

Conclusion: In acutely ill older people, differentiating between prehospital and
in-hospital functional changes has prognostic implications. Lack of functional
regain at discharge is associated with higher mortality at 6- and 12-months.
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Introduction

Functional decline (FD) associated with hospitalization for
acute illness is the loss of at least one of the basic activities of daily
living (ADLs) at the time of discharge, compared to the onset of
the acute illness (Covinsky et al., 2011) has been an important
problem in older adults for almost 40 years (Warshaw et al.,
1982), and is associated with many deleterious outcomes,
including sustained disability, nursing home placement,
caregiver burden, and death (Sager et al, 1996b; Covinsky
et al., 1997; Inouye et al., 1998; Fortinsky et al., 1999; Rozzini
et al., 2005; Boyd et al, 2008; Covinsky et al., 2011; Gallego
Gonzalez et al., 2017). Prior studies have shown that functional
decline develops in 30%-50% of older patients admitted to the
hospital (Warshaw et al., 1982; Hirsch et al., 1990; Inouye et al.,
1993; Sager et al.,, 1996a; Covinsky et al., 2003; Sleiman et al.,
2009; Mudge et al., 2010; Zisberg et al., 2015), and the incidence is
even higher in frail older adults (Gill et al., 2010).

The trajectories of the functional changes in hospitalized
older people are complex. Some patients show a decline at the
time of admission, which might persist or recover during hospital
stay whereas other patients show a new (or continuing) decline
throughout hospitalization (Hirsch et al., 1990; Inouye et al.,
1993; Inouye et al., 1998; Fortinsky et al., 1999; Covinsky et al.,
2003; Mudge et al., 2010). Prehospital and in-hospital functional
changes are different processes, with the former related to the
acute illness and the latter reflecting the interaction of illness with
hospital care. Previously reported rates of prehospital and in-
hospital functional decline show that most of the decline occurs
prior to admission with rates varying widely from 29% to 78%
(Hirsch et al., 1990; Fortinsky et al., 1999; Covinsky et al., 2003;
Sleiman et al., 2009; Mudge et al., 2010; Palleschi et al., 2011;
Zaslavsky et al., 2015; Rodrigues et al., 2020), whereas the
prevalence of in-hospital decline is usually much lower (5%-
32%) (Hirsch et al., 1990; Fortinsky et al., 1999; Covinsky et al.,
2003; Mudge et al., 2010; Zaslavsky et al., 2015).

Distinction between prehospital and in-hospital functional
changes and their impact on health-related outcomes is
important to clinicians, patients, and health administrators.
Some studies have examined how prehospital, and in-hospital
functional changes influence the risk of mortality (Covinsky
et al,, 1997; Inouye et al., 1998; Covinsky et al., 2000; Rozzini
et al., 2005; Sleiman et al., 2009). It has been shown that baseline
functional status, the magnitude of prehospital functional decline
and lack of functional regain during hospitalization are
6-, post-discharge
mortality. However, little is known regarding the relationship

associated with 3-, and 12-months

between the different functional trajectories with mortality, more
specifically if there are differences in mortality between pre-
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hospital and in-hospital functional decline. Therefore, to
contribute to this topic, the first purpose of our study was to
analyze the different functional trajectories occurring before and
after hospital admission in a representative group of very old
medical patients admitted to the Acute Care for Elders (ACE).
The second goal was to assess how the different trajectories
influence mortality at 6 and 12 months after discharge.

to occur

Most functional decline appears prior to

hospitalization and is not by  hospital
management, suggesting that hospital interventions should be

directed to functional recovery among those with prehospital

preventable

decline. Although risk factors for in-hospital decline have been
extensively studied (Sager et al., 1996b; Covinsky et al., 1997;
Sleiman et al., 2009; Zaslavsky et al., 2015; Zisberg et al., 2015;
Gallego Gonzalez et al., 2017), few studies have examined in-
hospital recovery (Boyd et al, 2008; Palleschi et al, 2011;
Zaslavsky et al., 2015). Therefore, the third goal of the study
was to identify risk factors associated with in-hospital failure to
recover in those patients with prehospital decline.

Methods
Setting and study population

Prospective observational cohort study of older adults
admitted to the ACE Unit of a tertiary teaching hospital
according to STROBE criteria (von Elm et al, 2008). The
study was approved by the Ethical Committee (No. 39/09).
Written informed consent was obtained from all patients/
relatives.

The inclusion criteria were first time, non-elective admission
to the ACE Unit from March 2009 and May 2011 and being
discharged alive. The derivation of the study sample is shown in
the flow-chart in Figure 1. Patients dependent in all ADLs before
hospitalization (N = 272) were excluded because it was not
possible to measure additional declines in ADL function.
Patients who died before hospital discharge (N = 250) were
excluded because did not complete functional trajectories.
Functional trajectories were missing in 27 of the eligible
patients. Finally, a total of 604 patients were analyzed.

Reason for hospitalization was an acute condition or
exacerbation of a chronic one. Most patients were admitted
through the Emergency Department (ED). Usual care in the
unit included a multicomponent intervention integrated into
routine practice that has shown to reduce the incidence of
delirium (Vidan et al, 2009) and
measures and specific actions in seven risk areas: orientation,

includes educational

sensory impairment, sleep, mobilization, hydration, nutrition,
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Patients Admitted to the
ACE Unit (N =1620)

10.3389/fphys.2022.937115

Readmissions (N=298)

Scheduled admissions (N=37)

Dependent in all ADLs 2 weeks before hospital admission (N = 272)
Died before hospital discharge (N=250)

Eligible Patients
N =763

Declined to participate (N = 70)

No consent available (N = 34)

Lost in recruitment phase (N = 28)

Functional status not available at admission or discharge (N = 27)

Analytical Sample
N =604

FIGURE 1
Flow-Chart. Derivation of the study sample.

and drug use. No formal physical therapy was incorporated into
the unit.

Data collection

Data were collected by Geriatric nurses and physicians
trained in functional assessment using interviews and medical
records at admission (first 48 h), discharge (last 24 h of stay), and by
phone at 6 and 12 months after discharge. Baseline assessment took
place on admission through interviews with each patient (or a
caregiver when the patient was not mentally aware). The patient and
patient’s primary nurse were also interviewed at discharge. Medical
records were reviewed to ascertain the presence of chronic medical
conditions, clinical variables, main admission diagnosis severity of
illness, in-hospital complications, and length of hospital stay.

Outcome measures

Functional state: Activities of daily living
Functional status was measured as the total number of
ADLs for which the patient was independent, using a modified
Katz Index (Katz et al., 1963), which includes bathing, toileting,
dressing, transferring and feeding oneself. Continence was not
included because medications and standards of care in the
hospital setting could make its assessment unreliable. For
each ADL a score of 0 was assigned for dependence and
1 for
constructed by summing each ADL,

independence. A global summary score was
ranging from 0
(“completely dependent”) to 5 (“completely independent”).
ADLs were assessed at three time points during the study: 1)
baseline (two weeks prior to hospitalization, based on patient or
caregiver recollection of ADL function), 2) admission, and 3)

discharge from the hospital.
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Description of functional trajectories

Patients were classified into one of four mutually exclusive
functional trajectories of ADLs depending on whether they
declined or remained stable between baseline and admission
(prehospital) and whether they declined, remained stable, or
recovered baseline function between admission and discharge
(in-hospital). We used the term “stable” function when the ADLs
score remained constant between two time periods, “decline”
when there was a loss of at least one ADL between two time
periods, and “recovery” when the patients recovered their
baseline function at the time of discharge. The four different
trajectories included: 1) prehospital and inhospital stable
function (“stable-stable”); 2) prehospital decline but recovered
baseline function at discharge (“decline-recovery”); 3)
prehospital decline and did no recover to baseline function
(“decline-no recovery”); and 4) in-hospital decline, either with

or without previous prehospital decline (“in-hospital decline”).

Mortality

Six- and 12-months post-discharge, mortality was assessed
through hospital records or contact with the patient or relatives
by telephone interview. If contact with patients was not possible,
the local official death records were reviewed. The number of
cases censored before the end of the study (left censored) were
4 and 6 for the 6- and 12-month mortality respectively.

Descriptive variables
Socio-demographic characteristics included age (divided into

three different categories), sex, and residence (home or nursing
home) before admission. Baseline and admission health and
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functional status, the ability to walk (dichotomized as
independent or dependent as assessed by a Modified
Functional Ambulation Classification) (Holden et al., 1984)
prior hospital admissions in the last year, nutritional status
(with malnutrition defined as the presence of body mass
index <23 kg/m2 or albumin concentration in blood <3.5 g/dl)
(Espaulella et al., 2007; Bouchard et al., 2009), Charlson index of
comorbidities (Charlson et al., 1987), severity of acute illness
measured by the APACHE II scale (Knaus et al., 1985), and heart
failure severity assessed by the NYHA scale (Fisher, 1972). In-
hospital data included main admission diagnosis, length of
hospital stay, prevalence of pressure sores, presence of anemia
or renal injury at discharge, and incidence of delirium. Delirium
was assessed by the chart-based method (Saczynski et al., 2014)
and was considered present if the chart review at discharge
included any of the following items: agitation, aggressiveness,
lethargy, physical restraints, neuroleptics as needed, or diagnosis
of delirium in the discharge report.

Data analysis

Functional trajectories were calculated as defined above and
graphically presented. The characteristics of the study participants
according to the functional trajectories were organized by
descriptive statistics. Differences in demographic, medical and
between functional
examined using the one-way ANOVA or chi-square test for

functional measures trajectories  were
continuous or categorical variables, respectively. In variables with
differences among the means in ANOVA, post-hoc pairwise
comparisons were analyzed with Bonferroni correction. Post-hoc
tests of categorical variables found significant in overall chi-square
analysis, were studied using adjusted standardized residuals with
Bonferroni correction (Garcia-pérez and Nufez-antén, 2003).

The predictive value of functional trajectories with 6 and 12-
month mortality was assessed. The unadjusted association of risk
factors with 6 and 12-month mortality was determined with
bivariate Cox proportional hazards regression models. The
independent association of functional trajectories and other
significant predictors found in the bivariate model was
assessed with multivariate Cox models.

The analysis of risk factors associated with in-hospital failure to
recover included only patients with prehospital functional decline.
Among these patients, differences in demographic, medical, and
functional measures between individuals with and without baseline
functional recovery at discharge, were examined using a t test or
ANOVA for continuous variables, and a chi-square test for
categorical variables. Multivariate logistic regression analysis was
used to estimate the odds ratio for each of the independent variables.
Variables with a p-value <0.2 in univariate analysis, and those not
significant but considered clinically relevant were entered in the
model using backward stepwise (Wald) elimination. Statistical
significance was set at a p-value of <0.05.
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“Missing Values Analysis” was used for descriptive statistics
of the missing values and the Little s chi-square statistic was used
for testing whether values are missing completely at random
(MCAR). Outcome values on functional status were missing in
27 patients (4.28%). Baseline characteristics or functional status
were not related to missing functional status The results of the
Little’s missing completely at random (MCAR) test was not
significant (Chi-square = 14.977, DF 12, Sig. = .243). Therefore,
with a low percent of missing data (<5%), and missing
completely at random, we believe that the method of listwise
deletion is relatively safe, and we made no imputations. All the
analyses were performed with the Statistical Package for Social
Science (SPSS), version 28.0.1.1.

Results
Characteristics of subjects

Table 1 describes the characteristics, and mortality rate of the
604 patients stratified according to 4 functional trajectories.
Mean age was 87 years, the majority were female and
admitted from home. The median length of stay was 7 days.
At baseline, only 29% were independent in all ADLs and 51%
were fully ambulatory. APACHE II score and Charlson index
suggested moderate severity of acute illness and moderate levels
of comorbidities. Over 50% were malnourished at admission.
The overall 6- and 12-months mortality were 22% and 34%
respectively. The associations between patient characteristics and
functional trajectories are also illustrated in Table 1. Differences
between trajectories included ADLs score at admission and
discharge, comorbidities (dementia and cerebrovascular
disease), incidence of delirium, and 6- and 12-months mortality.

Post-hoc analyses were performed when there were
differences in the characteristics of the trajectories (Table I).
A summary of these analyses include: the ADLs at admission
were comparable between trajectories Stable-Stable and In-
Hospital decline, and both were significantly greater than
Decline-No Recovery and Decline-Recovery; the ADLs at
discharge were comparable between Stable-Stable and Decline-
Recovery and both were greater than In-Hospital Decline and
Decline-No recovery. Dementia and cerebrovascular disease
were significantly more prevalent in trajectory Decline-No
recovery. Malnutrition was less prevalent in Stable-Stable
trajectory and the incidence of delirium was greater in

Decline-No recovery and lower in Stable-Stable.

Functional trajectories of patients before
and during hospitalization

The number (proportion) of patients included in each
functional trajectory is shown in Figure 2. Prehospital and in-
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TABLE 1 Baseline, In-Hospital Characteristics, and Mortality Rate of the 604 Patients and its Stratification According to Functional Trajectories®.

Characteristics Functional trajectories®
Total Stable-stable Decline-recovery Decline-no recovery In-hospital decline p -value
n= n= n= n =319 n=70
604 108 107

Demographic—n (%)

Age (y) 217 (36) 43 (40) 43 (40) 109 (34) 22 (31) .798
<85 166 (27) 30 (28) 28 (26) 87 (27) 21 (30)
85-89 221 (37) 35 (32) 36 (34) 123 (39) 27 (39)
>90
Women 353 (58) 59 (55) 58 (54) 191 (64) 45 (64) 442
Admitted from NH 67 (11) 10 (9) 9 (8) 44 (11) 4 (6) 135

Baseline independence in Functional Status—n (%)
ADLs 176 (29) 30 (28) 40 (37) 85 (27) 21 (30) 203
Ambulation 306 (51) 53 (49) 65 (61) 151 (47) 37 (53) 111

ADLs score at different time periods—mean + SD

Baseline 3.1+16 28+ 18 32+18 3.1+16 33+15 .167
Admission 14+ 1.6 3.0+ 1.8 14+ 1.5 0.6 + 0.8 25+ 1.5 <.001
Discharge 1.8+ 1.8 31+18 33+18 1.0+ 1.1 09+ 1.1 <.001
Comorbidities—mean + SD/n (%)
Charlson Index 2.7 +2.0 24+18 24+19 28 +2.1 29+20 112
Dementia 178 (30) 15 (14) 26 (24) 121 (38) 16 (23) <.001
CHF 259 (43) 58 (54) 43 (40) 124 (39) 34 (49) 037
CBVD disease 137 (23) 15 (14) 19 (18) 89 (28) 14 (20) 009
Diabetes 173 (29) 29 (27) 29 (27) 87 (27) 28 (40) 171
COPD 157 (26) 35 (32) 28 (26) 77 (24) 17 (24) .393
Cancer 84 (14) 11 (10) 18 (17) 46 (14) 9 (13) .543
Main admission diagnosis—n (%)
Cardiovascular 161 (27) 42 (39) 26 (24) 70 (22) 23 (33) .004
Respiratory 146 (24 25 (23) 23 (22) 84 (26) 14 (20) 581
CNS 80 (13) 7 (6) 15 (14) 52 (16) 6 (9) 041
Renal & Urologic 76 (13) 7 (6) 13 (12) 44 (14) 12 (17) 143
Admission parameters and in-hospital evolution - mean + SD/n (%)
APACHE II Score 128 + 4.4 129 £ 4.0 12.8 £ 4.6 129 £ 45 12.6 + 4.9 977
Malnutrition 306 (51) 38 (35) 54 (51) 172 (54) 42 (60) .003
Delirium 220 (36) 24 (22) 36 (34) 137 (43) 23 (33) <.001
Pressure Sores 57 (10) 7 (7) 4 (4) 38 (12) 8 (11) .050
Anemia discharge® 399 (66) 58 (54) 74 (69) 219 (69) 48 (69) .030
Length of stay? 7 (5-10) 7 (4-9) 7 (5-10) 7 (5-12) 7 (5-9) .081
Mortality—n (%)
6-month 133 (22) 14 (13) 16 (15) 81 (25) 12 (31) 003
12-month 207 (34) 27 (25) 28 (26) 121 (38) 31 (44) 007

“Numbers are mean + SD or n (%) were appropriate.

“Functional trajectories of ADLs: stable-stable denotes prehospital and in-hospital stability; decline-recovery denotes prehospital decline and in-hospital recovery at discharge; decline-no
recovery denotes prehospital decline and no recovery at discharge; in-hospital decline denotes in-hospital decline, with or without prehospital decline.

“Anemia, defined as hemoglobin <12 g/dl in women and <13 g/dl in men.

“Median length of stay (days; interquartile range).

NH = nursing home; ADLs = Number (%) of patients fully independent in all activities of daily living, including bathing, toileting, dressing, transferring, and feeding oneself; CHF =
congestive heart failure; COPD = chronic obstructive pulmonary disease; CNS = central nervous system; Malnutrition refers to the time of admission; CBVD = cerebrovascular disease.
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baseline function
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worse than
baseline function

N=70 (11%)
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N=40 (6%)

Decline-decline
N=30 (5%)

Functional status changes across the three time points of baseline (2 weeks before admission), hospital admission, and discharge. “Stable” refers

to the ADLs score remaining constant between two time periods; “decline” refers to the loss of ADLs between two time periods; “recovery” refers to
the subjects who recover baseline function at hospital discharge. Boxes at discharge depict the four mutually exclusive functional trajectories of
ADLs: 1) “stable-stable” denotes prehospital and in-hospital stability, 2) “decline-recovery” denotes prehospital decline and in-hospital recovery

at discharge, 3) “decline-no recovery” denotes prehospital decline and no recovery at discharge, and 4) "in-hospital decline” denotes in-hospital
decline, with or without prehospital decline. The right side of the figure depicts overall results of the functional trajectories.

11%
respectively. Overall, 36% were discharged with baseline

hospital functional decline occurred in 75% and
function, including stable-stable (18%) and decline-recovery
(18%) trajectories, and 64% were discharged with worse than
baseline function, including in-hospital decline (11%) and
decline-no recovery (53%) trajectories. Overall, most patients
(82%) had unstable ADL function consisting of decline-recovery,
in-hospital decline, and decline-no recovery trajectories. Of the
75% of patients with preadmission decline, only a quarter (23%)
recovered baseline function at discharge.

Functional trajectories and mortality

Mortality after 12 months occurred in 34% of patients.
Figure 3 shows the estimated 12-month cumulative survival
plot for the four functional trajectories, and the adjusted
hazard ratios (HR). Patients with decline-recovery trajectory
had comparable mortality to patients with stable-stable
trajectory The in-hospital decline trajectory showed the
highest mortality but comparable to the decline-no recovery
The
unadjusted and adjusted differences in mortality between the

trajectory. Mortality after 6 months was of 22%.

four functional trajectories after 6 months, were fully comparable
to those after 12-months (Supplementary Figure S1).
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Risk factors associated with in-hospital
failure to recover

Of the 456 patients with prehospital decline, the majority
(77%) did not recover baseline function at discharge. Differences
between patients with and without functional recovery at
discharge are shown in Table 2. Factors independently
associated with in-hospital failure to recover baseline included
baseline dependence in ambulation, the extent of prehospital
functional decline, dementia, cerebrovascular disease, and

prevalence of pressure sores, as shown in Table 3.

Discussion

This study contributes to the knowledge of functional
changes in “oldest old” patients hospitalized for acute
medical illnesses in several ways. First, we found that the
majority (82%) had unstable ADL function including high
preadmission decline and low in-hospital decline, most
(64%) were discharged with worse ADL function than
baseline, and less than a quarter of those with preadmission
decline recovered baseline function at discharge. Second,
functional changes occurring during admission were crucial
determinants of 6 and 12-month mortality. Patients with in-
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A 12-month Survival Function
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=
=
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7
@
5
K Stable - stable
E 0.6 Decline- recovery
(3 Decline- no recovery
In- hospital decline
0.4 T T 1
0 120 240 360
No. At Risk Follow-up, days
Stables- stable 108 100 91 81
Decline- recovery 107 98 86 79
Decline-no recovery 319 251 225 197
In-hospital decline 70 50 46 39
B Multivariate Cox model
Trajectory Adjusted HR (95% CI) p-value
In-Hospital decline Ref.
Decline-no recovery .83 (.56-1.23) 353
Decline-Recovery .51 (.30-.85) .010
Stable-Stable .52 (.31-.88) .015

FIGURE 3

(A) Estimated 12-month cumulative survival plot for the

4 functional trajectories, and (B) the adjusted hazard ratios (HR)
using the “in-hospital” group as the reference category, assessed
with multivariate Cox models. Adjusted for age, gender,
residence before admission, prior hospital admissions, baseline
function, Charlson index, malnutrition, the presence of dementia,
and anemia at discharge. Functional status change categories
denote prehospital and in-hospital stability (“stable-stable”),
prehospital decline and in-hospital recovery at discharge
("decline-recovery”), prehospital decline and no recovery at
discharge (“decline-no recovery”), and in-hospital decline, with or
without prehospital decline (“in-hospital decline”).

hospital decline had the highest risk of mortality, while patients
who recovered function during hospitalization had the lowest
risk of mortality, comparable to the group with stable function
before and during hospitalization. Finally, patients with
dementia, poor baseline function, and greater preadmission
decline, had a higher risk of in-hospital failure to recover
function.

Our reported rates of patients discharged with worse
function than baseline (64%) and prehospital decline (75%)
were high but consistent with the 28-67% and 38-78%
ranges, respectively, that have been previously reported
(Hirsch et al,, 1990; Fortinsky et al., 1999; Covinsky et al.,
2003; Sleiman et al., 2009; Mudge et al., 2010; Palleschi et al.,
2011; Zaslavsky et al., 2015; Rodrigues et al., 2020) and might be
related to the very old age and poor baseline functional status.
The low rate of in-hospital decline (11%) was consistent with the

Frontiers in Physiology

07

10.3389/fphys.2022.937115

7%-28% reported previously (Hirsch et al., 1990; Fortinsky et al.,
1999; Covinsky et al., 2003; Mudge et al., 2010; Zaslavsky et al.,
2015), and might be related to the usual care in our ACE unit
(Vidan et al, 2009) and the exclusion of 19% of the eligible
patients that died during the hospitalization, In our study, the
rate of in-hospital recovery after preadmission decline (23%), was
lower than the 42-66% reported rates of most studies (Covinsky
et al., 2003; Mudge et al.,, 2010; Palleschi et al., 2011). These
differences of in-hospital recovery of function lost prior to
admission with other studies, might be related to the frail
population in our study as suggested by the findings that
dementia, cerebrovascular disease, baseline dependence in
ambulation, and extent of prehospital ADLs decline were
related to failure to recover baseline function, or to differences
in health care systems and access to rehabilitation during
hospitalization.

Functional changes during acute illness and hospitalization
contain important information about risk of mortality. In our
study, functional trajectories remained an independent factor
associated with mortality. Our results extend those of previous
studies demonstrating that patients who recovered baseline
function at discharge had the lowest mortality (Rozzini et al.,
2005; Sleiman et al., 2009). Patients with in-hospital decline (with
or without preadmission decline) were associated with the
highest mortality, suggesting that during an acute illness, the
best prognostic changes are those in which the patients are able to
maintain or regain baseline function, and the worse prognostic
changes are those discharged with worse function than baseline.
Furthermore, disability acquired in the hospital is a contributor
to death as strong as the failure to recover function lost before
admission. Therefore, assessing a patient’s functional status at
baseline, admission, and discharge from the hospital may have a
prognostic sign beyond the value provided by clinical or
laboratory data.

Our study extends previous data regarding predictors of in-
hospital failure to recover baseline function at discharge
(Covinsky et al., 2003; Lindenberger et al., 2003; Mudge et al.,
2010). In addition to the presence of dementia and the extent of
prehospital decline (Mudge et al, 2010), we found that the
prevalence of pressure sores and cerebrovascular disease were
also associated with failure to recover. Although the extent of
prehospital decline is likely to represent the effects of acute
illness, we found no association of functional recovery with
severity of acute illness as measured by the APACHE II score.
In this regard, it might be possible that the extent of prehospital
functional decline is a better marker of clinical instability
(Covinsky et al., 1997; Inouye et al., 1998). Contrary to other
studies (Covinsky et al., 2003; Mudge et al., 2010), we found no
association of age with failure to recover function at discharge.
However, in the study of Covinsky et al. (2003), age was
associated with functional changes after, but not before,
admission. In our study the absence of effects of age is

consistent with the finding that age did not affect adverse
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TABLE 2 Characteristics of participants with pre-hospital decline (N = 456) according to recovery or failure to recover baseline functional status by

hospital discharge.

Characteristics Recovery of functional Failure to recover p-value

status (n = 107)

functional status

n (%) (n = 349) n (%)
Age (y) 43 (40) 117 (34) 426
<85 28 (26) 96 (28)
85-89 36 (34) 136 (38)
>90
Women 58 (54) 211 (60) 251
Admitted from nursing home 9 (8) 44 (13) 236
Baseline dependency in at least 1 ADL 67 (63) 252 (72) .058
Baseline dependence in ambulation 42 (39) 181 (52) 022
Extent of pre-hospital ADLs decline 81 (76) 179 (51) <.001
Decline by 1-2 ADLs 26 (24) 170 (49)
Decline by > 3 ADLs
Comorbidities 204
Charlson Index
<« 66 (62) 191 (55)
>2 41 (38 158 (45)
Dementia 26 (24) 128 (37) 018
CHF 43 (40) 139 (40) 947
COPD 28 (26) 85 (24) 704
Cerebrovascular disease 19 (18) 95 (27) .048
Diabetes 29 (27) 97 (28) 889
Cancer 18 (17) 50 (14) 526
Pressure sores 4 (4) 40 (12) .018
Main admission diagnosis 26 (24) 81 (23)
Cardiovascular 23 (22) 90 (26) 816
Respiratory 15 (14) 53 (15) .368
Central nervous system 13 (12) 51 (15) 767
Renal & Urologic 521
Admission and in-hospital evolution
APACHE II score 37 (35) 118 (34) 883
>15 70 (65) 231 (66)
<15 54 (51) 188 (54) 519
Malnutrition 36 (34) 146 (42) 130
Delirium during hospitalization 74 (69) 239 (69) .895
Anemia at discharge® 4 (4) 450 (12) 018
Pressure sores 37 (35) 118 (34) .890
Median length of stay (days)®
<7 56 (52) 180 (52)
>7 51 (48) 169 (48)

*Anemia defined as hemoglobin <12 g/dl in women and <13 g/dl in men.
Median length of stay (days; interquartile range).

ADLs = Activities of daily living; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; CNS = Central nervous system.

functional change before or after admission, or baseline degree of
dependency. We believe this is the study with the highest
proportion of persons older than 85 years (64%). As suggested
previously (Hamerman, 1999; Rozzini et al., 2000; Covinsky et al.,
2003; Rozzini et al., 2005), it is possible that, in this “oldest old”
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population the inability to regain function after an acute illness
might be a consequence of frailty.

Several study limitations are noteworthy. First, a systematic
bias due to rater report of baseline functional status may partly
explain the high rate of prehospital functional decline.
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TABLE 3 Multivariate analysis of factors independently associated with in-hospital failure to recover baseline ADLs function (n = 456).

Variable

Baseline dependence in ambulation (yes)
Extent of prehospital decline
Loss of 1 or 2 ADLs
Loss of at least 3 ADLs
Dementia (yes)
Prevalence of pressure sores (yes)

Cerebrovascular disease (yes)

Adjusted® odds ratio p-value
(95% confidence interval)

247 (1.45-4.22) <.001
Ref <.001
534 (3.07-9.28)

1.71 (.99-2.95) 052

3.10 (1.05-9.15) 040

1.86 (1.04-3.33) 036

*Adjusted for baseline ADLs dependence and the incidence of delirium.

Rubenstein et al. (1984) noted that patients tend to rate their level
of functioning higher than nurses. In this study the preadmission
assessments came from patients or caregivers and the in-hospital
assessment from nurses. This may lead to greater apparent
preadmission decline. However, Covinsky et al. (2000) found
that the baseline assessment at the time of hospital admission, has
face and predictive validity. Second, functional evaluation of the
individual ADLs was based on the Katz
dichotomous response, indicating complete independence or

index with a

not. It is possible that no changes were detected in individual
ADLs recovery because the scale lacks sensitivity to detect subtle
changes over time. Third, length of stay is a potential
confounding that may contribute to discrepancies in rates of
functional decline (Pedone et al., 2005; Volpato et al., 2007).
However, in this study the length of stay was similar in the
4 functional trajectories. Fourth, it was not possible to consider
all predictors of functional lack of recovery, included depression
(Shahab et al., 2017) and family and caregiver factors (Boltz et al,,
2018), therefore, the impact of them could not be evaluated.
Finally, this is a single-site study that was limited to the healthiest
survivors; consequently, the findings may not apply to all patients
admitted to an ACE unit.

Conclusion and implications

This study provides unique data regarding functional
changes in a representative group of very old medical patients
admitted to an ACE unit. In this study we found that functional
changes are very common, and most patients were discharged
with worse function than their preadmission level. The decline
occurred most before hospital admission, with a low rate of in-
hospital decline, and a low rate of in-hospital recovery in those
with preadmission decline.

Our data add to the knowledge of how preadmission and in-
hospital decline are related to mortality, highlights the need to
monitor the functional status of hospitalized older people, and
may be useful for counseling patients for future care. For patients
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who have lost independence in functional status at admission,
rehabilitation should be a goal of care to regain independence at
discharge.

In this oldest old population, the inability to remain
functionally stable or regain function after an acute illness,
may reflect a state of inability to react to stressful events.
Differences in the prevalence of in-hospital functional
trajectories between health care systems may be related to
differences in the age and frailty status of patients admitted to
the ACE units. Comparisons of studies from different heath care

systems may need to adjust to these potential confounders.
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