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BACKGROUND/OBJECTIVES: Influenza is associated
with significant morbidity and mortality, particularly for
older adults. Persistent functional decline following hospi-
talization has important impacts on older adults’ wellbeing
and independence, but has been under-studied in relation to
influenza. We aimed to investigate persistent functional
change in older adults admitted to hospital with influenza
and other acute respiratory illness (ARI).
DESIGN: Protective observational cohort study.
SETTING: Canadian Immunization Research Network
Serious Outcomes Surveillance Network 2011 to 2012
influenza season.
PARTICIPANTS: A total of 925 patients aged 65 and older
admitted to hospital with influenza and other ARI.
MEASUREMENTS: Influenza was laboratory-confirmed.
Frailty was measured using a Frailty index (FI). Functional
status was measured using the Barthel index (BI); moderate
persistent functional decline was defined as a clinically
meaningful loss of ≥10 to <20 points on the 100-point

BI. Catastrophic disability (CD) was defined as a loss of
≥20 points, equivalent to full loss of independence in two
basic activities of daily living.
RESULTS: Five hundred and nineteen (56.1%) were
women; mean age was 79.4 (standard deviation=8.4) years.
Three hundred and forty-six (37.4%) had laboratory-con-
firmed influenza. Influenza cases had lower baseline func-
tion (BI = 77.0 vs 86.9, P < .001) and higher frailty
(FI = 0.23 vs 0.20, P < .001) than those with other ARI. A
total of 8.4% died, 8.2% experienced persistent moderate
functional decline, and 9.9% experienced CD. Higher base-
line frailty was associated with increased odds of experienc-
ing functional decline, CD, and death. The experience of
functional decline and CD, and its association with frailty,
was the same for influenza and other ARI.
CONCLUSION: Functional loss in hospital is common
among older adults; for some this functional loss is persis-
tent and catastrophic. This highlights the importance of pre-
vention and optimal management of acute declines in
health, including influenza, to avoid hospitalization. In the
case of influenza, for which vaccines exist, this raises the
potential of vaccine preventable disability. J Am Geriatr Soc
69:696-703, 2021.
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INTRODUCTION

The health impact of influenza is traditionally thought
of in terms of morbidity and mortality over short time

horizons. Even so, health impacts may be long lasting, par-
ticularly for older adults who suffer functional declines
following acute illness. Hospitals are places intended to
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improve health and wellbeing, but hospital admission can
also lead to harm for vulnerable older adults—either harms
associated with the condition that led to admission, or with
iatrogenic factors such as deconditioning, delirium, or noso-
comial infection.1 There is a robust existing literature on
the functional impact of hospitalization in general among
older adults, with studies showing that one-third of older
adults will be discharged with a new disability.2,3 Prognosis
for subsequent functional recovery is poor over the follow-
ing year, with only 30% of individuals recovering to
their pre-admission level of function in self-care activities of
daily living (ADLs) 1 year post-discharge.4 This functional
decline is associated with greater reliance on formal and
informal care supports in the community, with increased
risk of requiring long-term care facility (LTCF) admission,5

and with increased risk of mortality.6

As populations age, it is increasingly important to
understand and prevent functional decline and losses in
independence. In the present study, we aimed to investigate
functional change in older adults admitted to Canadian
hospitals with influenza and other acute respiratory illnesses
(ARIs). Our objectives were as follows:
1. To assess the prevalence of functional decline and cata-

strophic disability (CD) in adults aged 65 years and
older who are admitted to hospital for influenza and
other ARI.

2. To assess whether the risk of functional decline is differ-
ent for influenza cases versus ARI.

3. To examine whether baseline frailty is associated with
functional decline and CD.

4. To examine whether the relationship between frailty and
CD varies based on influenza status.

METHODS

The present study includes patients aged 65 and older who
were enrolled in the Canadian Immunization Research Net-
work (CIRN) Serious Outcomes Surveillance (SOS) Net-
work during the 2011 to 2012 influenza season. In this
season, the SOS Network included 40 hospitals across
7 Canadian provinces, representing approximately 9,000
adult acute care beds, and detailed data on functional tra-
jectories (baseline, on admission, 30 days after discharge)
were collected.7

As previously described, active surveillance was per-
formed to identify patients with influenza. Nasopharyngeal
(NP) swabs were obtained within 7 days of symptom onset
and 5 days of admission for those with the following admis-
sion diagnoses: respiratory infection or symptom, exacerba-
tion of chronic obstructive pulmonary disease (COPD)/
asthma, community acquired pneumonia, unexplained sep-
sis, or cardiac/respiratory diagnosis with fever ≥37.5�C. All
NP swabs were tested for influenza A and B by reverse tran-
scriptase polymerase chain reaction or viral culture.8

In the context of active influenza surveillance in the
SOS Network (where calculation of vaccine effectiveness is
an important focus, requiring inclusion of influenza “cases”
and test-negative “controls”), patients with laboratory-
confirmed influenza (LCI), whose admission was attribut-
able to influenza or a complication of influenza, were
considered to be cases. “Other ARI” patients were those
who met inclusion criteria outlined above but had a

negative NP swab, matched on age (greater or less than 65)
and admission date ±2 weeks. This “other ARI” group thus
included many diagnoses such exacerbations of asthma,
COPD, or heart failure, myocardial infarction, thromboem-
bolism, and other infectious illnesses (e.g., respiratory
viruses, pneumonia, sepsis). The present analysis included
only patients aged 65 and older.

Measures

Demographic data included age in years (continuous vari-
able), sex (female/male), and baseline place of residence
(community or LTCF). All clinical data (including function
and frailty) were gathered by on-site research monitors
using the best available source, including chart review and
interviews with the patient and/or a collateral informant.
Baseline status was determined by asking about health and
function 2 weeks before the current illness to provide a
strong time anchor and minimize recall bias.9 Follow-up
interviews were conducted in person or by telephone. Nota-
bly, the telephone Barthel index (BI) has been found to have
robust reliability and validity.10,11

Function was assessed using the BI.12 The BI considers
independence in 10 ADLs: feeding, toilet use, bowel and
bladder control, grooming, dressing, bathing, mobility, stair
climbing, and transfers (from bed to chair and back). For
each item, a score of 10 indicates independence, 5 indicates
need for assistance, and 0 indicates complete dependence.
Item scores are summed to produce a final score between
0 and 100 for the individual. As such, a score of 100 indi-
cates complete independence, with decreasing score values
indicating a graduated increase in disability or depen-
dence.12 The BI has been shown to be a valid functional
measure, and it has good test-retest reliability.13 The BI was
assessed pre-admission (retrospectively) to reflect function
2 weeks before the onset of the current illness, on admis-
sion, and 30 days post-discharge. Change in the BI was cal-
culated by subtracting pre-admission BI score from the
30 days post-discharge score. Participants who were not
alive at 30 days post-discharge were omitted from analyses
with change in the BI as an outcome.

We defined functional decline and CD using decline in
the BI at 30 days post-discharge. A change in BI of 1.85 or
more points on a 0 to 20 point version of the BI has been
found to be clinically meaningful, which would equate with
9.25 points on the 0 to 100 point version used here.14 This
is reported as the change in BI that is perceived by patients
as clinically important and sufficiently beyond measurement
error.14 Here we defined a return to baseline function as a
loss of less than 10 points on the BI. We considered a loss
of 10 to less than 20 points as clinically meaningful persis-
tent moderate functional decline and a loss of 20 or more
points (full loss of function in two domains, or new need
for assistance in four domains) to represent a more rigorous
definition of CD. An aggregate of CD and death was
considered to represent catastrophic outcome.

Frailty was measured using a previously validated
Frailty index (FI).15,16 The FI was based on a Comprehen-
sive Geriatric Assessment and included cognition, mood,
sensorium, mobility, nutrition, function, skin, continence,
and comorbidities.17 Binary items such as vision and hear-
ing were scored as 1 (deficit present) or 0 (deficit absent);

JAGS MARCH 2021-VOL. 69, NO. 3 FUNCTIONAL DECLINE AFTER INFLUENZA ADMISSION 697



items with graded response categories were assigned inter-
mediate scores (e.g., transfers being independent, assisted,
or dependent). The FI was calculated by summing the par-
ticipant’s deficit scores and dividing by total possible deficits
(here 39). Frailty was categorized based on previously vali-
dated cutoffs: FI 0 to 0.1, nonfrail; >0.1 to 0.21, prefrail;
>0.21 to 0.45, frail; >0.45, most frail.18 Frailty was assessed
pre-admission (retrospectively), on admission, and 30 days
post-discharge. Here, we were primarily interested in pre-
admission “baseline” frailty, but were able to use the other
time points in the imputation model for missing data.

We also assessed whether patients were vaccinated for
influenza, were admitted to ICU, and their length of stay
(LOS) in days.

Statistical Analysis

We used independent samples t test to compare the influ-
enza and other ARI groups on continuous variables and
chi-square test of independence for categorical variables.
We used linear regression to examine the relationship
between pre-admission frailty and decline in the BI while
controlling for age, sex, influenza status, vaccination status,
ICU admission, pre-admission BI, and on-admission BI. In
Model 2, we added an interaction term between influenza
status and frailty to test whether the relationship between
frailty and BI decline varied depending on influenza status.
To examine the association between pre-admission frailty
and catastrophic outcome, CD, and functional decline, we
used a similar procedure as outlined above except we used
logistic regression. In both the linear and logistic

regressions, we multiplied the FI by 10 so that coefficients
could be interpreted in relation to a 0.1 change in the FI.

Given the challenges of data collection on frailty and
function in hospitalized patients, some data points were
missing. Listwise deletion would have resulted in a loss of
427 (46.2%) and 394 (46.5%) cases in the catastrophic
outcome and functional decline regressions, respectively.
The FI and the BI contained the most missing data. To
manage these missing data, we used multiple imputations.
Multiple imputations is a state-of-the-art method for han-
dling missing data that results in more power and less bias
than listwise deletion.19-21 Specifically, we conducted multi-
ple imputation by chained equations using predictive mean
matching for continuous variables and logistic regression
for dichotomous variables. In addition to all analysis vari-
ables and the interaction between frailty and influenza sta-
tus, we included two auxiliary variables in our imputation
model to improve the imputations: on admission FI, and FI
at 30 days post-discharge. Analyses were conducted for
each of 100 multiply imputed datasets and the results were
pooled following the rules outlined by Rubin.19,22 Analyses
using listwise deletion are available in Supplementary -
Tables S1 to S4. Multiple imputations were created using
the Multivariate Imputation by Chained Equations (mice)23

package in R24 and analyses were conducted using SPSS
version 25 and R version 3.6.3.

Ethics

The Research Ethics Boards (REB) of participating institutions
approved the protocol. Patients provided informed written

Table 1. Descriptive Statistics (Mean (SD) for Continuous Variables and Frequency (Percent) for Categorical Variables)
for Patients with Laboratory Confirmed Influenza and Other Acute Respiratory Illnesses (ARI)

Variable Laboratory-Confirmed Influenza (N = 346) Other ARI (N = 579) P

Age 80.6 (9.00) 78.7 (7.9) <.01
Female, sex 190 (54.9) 329 (56.8%) .57
Frailty index (pre-admission), mean (SD) 0.23 (0.12) .20 (0.11) <.001
Barthel (pre-admission), mean (SD) 77.0 (31.6) 86.9 (22.8) <.001
Barthel (admission), mean (SD) 55.7 (32.9) 63.5 (31.1) <.01
Barthel admission: pre-admission Barthel −21.3 (27.1) −23.4 (25.5) .33
Received influenza vaccine, N (%) 207 (59.8%) 420 (72.5%) <.001
Length of stay, mean days (SD) 11.7 (12.5) 11.9 (12.5) .81
Admitted from LTC, N (%) 52 (15.0%) 36 (6.2%) <.001
ICU, N (%) 39 (11.3%) 81 (14.0%) .23
30 days post-discharge mortality, N (%) 42 (12.1%) 36 (6.2%) <.01
Catastrophic outcome, N (%) 80 (23.1%) 90 (15.5%) <.01
Alive at 30 days post-discharge Influenza (N = 304) Other ARI (N = 543)
Barthel (30 days post-discharge), mean (SD) 78.0 (27.2) 85.5 (23.2) <.001
Barthel post-discharge: pre-admission Barthel,
mean (SD)

−2.2 (18.9) −2.5 (16.4) .86

Functional decline, N (%) (Barthel decline by 10
+ points)

70 (23.0%) 98 (18.0%) .15

Catastrophic disability, N (%) (Barthel decline
by 20+ points)

38 (12.5%) 54 (9.9%) .35

Note: P-values were based on independent samples-test for continuous variables and chi-square tests of independence for categorical variables. Median length
of stay is 8 days for both cases and controls. Percentages for functional and catastrophic decline are based on surviving participants. Bold text indicates a
heading for subsequent rows, where functional outcomes are reported for survivors only.
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consent for data collection and medical record access in
accordance with the local REB requirements.

RESULTS

A total of 926 patients aged 65 years and older were
enrolled in the 2011/2012 influenza season. One participant
who was missing data for all study and auxiliary imputa-
tion variables except age, sex, and influenza status was
not included in the analyses, leaving a final sample size of
925. Of these, mean age was 79.4 (standard deviation
(SD) = 8.4) years, 519 (56.1%) were women, 346 (37.4%)
had influenza, and 88 (9.5%) were admitted from a long-
term care facility. With their acute illness presentation, both
groups had experienced a similar functional loss from
baseline to admission (−21.3 vs −23.4 points on the BI,

P = .33). Patient characteristics for the influenza and other
ARI groups are described in Table 1.

Outcomes are illustrated in Figure 1. Of the sample as
a whole, 78 (8.4%) died (12.1% of those with influenza vs
6.2% of those with other ARI; P < .01). Those with lower
baseline function were more likely to die: mean pre-
admission BI was 85.19 (SD = 25.15) for those who lived
and 61.89, (SD = 34.56) for those who died (P < .001). Per-
sistent functional decline (BI decline ≥ 10 points) was expe-
rienced by 168 (19.8%) of surviving participants, of whom
76 (8.2%) experienced moderate functional decline and
92 (9.9%) experienced CD (Figure 1).

The percent of participants who experience CD
increased across frailty groups: 4.7%, 9.4%, 15.6%, 8.0%
for nonfrailty, prefrail, frailty, and most frail, respectively
(see Table 2).

Figure 1. Patient outcomes, subdivided by laboratory-confirmed influenza versus other influenza acute respiratory illness (ARI).
Percentages are presented for the overall cohort and within the influenza and other ARI groups.

Table 2. Means (SD) and Frequency (%) for Barthel and Decline by Frailty

Nonfrail Prefrail Frail Most Frail
FI ≤ 0.1
(N = 136)

0.1 < FI ≤ 0.21
(N = 399)

0.21 < FI ≤ 0.45
(N = 356)

FI > 0.45
(N = 34)

P-
value

Barthel prior 99.1 (2.9) 95.8 (9.7) 69.2 (29.3) 19.1 (22.0) <.001
Barthel on admission 77.7 (28.4) 71.9 (27.2) 46.3 (28.4) 10.2 (13.1) <.001
Barthel admission: Barthel prior −21.4 (28.0) −23.9 (26.3) −23.0 (25.5) −8.9 (18.3) <.05
Catastrophic outcome 12 (8.8%) 51 (12.8%) 96 (27.0%) 11 (32.4%) <.001
Mortality 6 (4.4%) 15 (3.8%) 48 (13.5%) 10 (29.4%) <.001
Alive at 30 days post-discharge N = 129 N = 385 N = 308 N = 25
Barthel 30 days post-discharge 96.7 (10.8) 92.8 (13.2) 69.5 (26.7) 20.5 (23.0) <.001
Barthel post-discharge: Barthel prior −2.4 (10.3) −3.2 (13.9) −1.7 (22.8) 2.2 (15.3) .63
Functional decline, N (%) (Barthel decline by 10
+ points)

12 (9.3%) 67 (17.4%) 85 (27.6%) 4 (16.0%) <.001

Catastrophic disability, N (%) (Barthel decline
by 20+ points)

6 (4.7%) 36 (9.4%) 48 (15.6%) 2 (8.0%) <.05

Note: P-values based on ANOVA for continuous variables and chi-square for categorical variables. Bold text indicates a heading for subsequent rows, where
functional outcomes are reported for survivors only.
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The mean baseline frailty score for individuals who
experienced CD was 0.24 (SD = 0.10) and 0.20 (SD = 0.11)
for those who did not experience CD (P < .01). On average,
participants declined by −2.38 (SD = 17.4) points on
the BI.

The distribution of functional change was similar for
the influenza and ARI groups (Supplementary Figure S1);
decline in function as part of the acute illness presentation
was common to both. The absolute functional loss from
baseline to admission was similar for nonfrail, prefrail, and
frail patients (−21.4, −23.9, and −23.0 BI points, respec-
tively). For the most frail, whose baseline BI was already
less than 20, the absolute further functional loss was less at

−8.9 points (Table 2). Considered in relative terms, the
mean function level declined 21.6% for nonfrail patients,
24.9% for prefrail, 33% for frail, and 46.6% for the most
frail.

Function at all three time points was inversely associ-
ated with frailty, whereas the proportions experiencing CD
and death increased with frailty (all P < .001) (Table 2).
Nonfrail, prefrail, and frail patients all lost between 1.7 and
3.2 BI points from baseline to post-discharge, although the
most frail had a mean improvement of 2.2 points (P = .63).
New CD was less commonly observed in the most frail
compared with the frail patients (8.0 vs 15.6%) (Table 2).
All of the adverse outcomes increased in a step-wise fashion

Table 3. Outcomes by Length of Stay (LOS) Quartiles. Mean (SD) for Continuous Outcomes and Frequency (%) for
Categorical Outcomes

LOS 0–5 days LOS 6–8 days LOS 9–13 days LOS >13 days
N = 262 N = 230 N = 206 N = 227 P

Catastrophic outcome 30 (11.5%) 31 (13.5%) 41 (19.9%) 69 (30.4%) <.001
Mortality 16 (6.1%) 11 (4.8%) 19 (9.2%) 32 (14.1%) <.01
Alive 30 days post-discharge N = 246 N = 219 N = 187 N = 195
Barthel post-discharge: Barthel baseline 0.42 (14.3) −2.9 (16.6) −2.8 (17.3) −5.0 (21.0) <.05
Functional decline 27 (11.0%) 40 (18.3%) 40 (21.4%) 62 (31.8%) <.001
Catastrophic decline 14 (5.7%) 20 (9.1%) 22 (11.8%) 36 (18.5%) <.01

Note: Bold text indicates a heading for subsequent rows, where functional outcomes are reported for survivors only.

Table 4. Regression Coefficients and Odds Ratios for the Linear and Logistic Regression Models

Variable
Change in Barthel
Index (N = 847)

Catastrophic
Outcome (N = 925)

Catastrophic
Decline (N = 847)

Functional
Decline (N = 847)

Linear Regression Logistic Regression Logistic Regression Logistic Regression

Model 1 b 95% CI OR 95% CI OR 95% CI OR 95% CI

Pre-admission FI −5.87** −7.71, −4.03 1.65** 1.22, 2.22 2.26*** 1.53, 3.34 2.20*** 1.62, 2.99
Age −0.23** −0.37, −0.08 1.04** 1.01, 1.06 1.04* 1.01, 1.08 1.05** 1.02, 1.08
Female, sex −1.02 −3.34, 1.31 0.94 0.63, 1.41 1.13 0.65, 1.95 1.31 0.85, 2.02
Influenza status −0.77 −3.36, 1.82 1.38 0.91, 2.08 1.17 0.65, 2.09 1.30 0.81, 2.09
Influenza vaccination status 2.97* 0.37, 5.57 0.76 0.49, 1.19 0.73 0.40, 1.33 0.81 0.50, 1.30
Pre-admission Barthel −0.43*** −0.52, −0.33 1.00 0.99, 1.02 1.04** 1.01, 1.06 1.03*** 1.02, 1.05
Barthel prior: Barthel admission 0.11*** 0.06, 0.17 0.98*** 0.97, 0.99 0.98*** 0.97, 0.99 0.98*** 0.97, 0.99

Model 2 b 95% CI OR 95% CI OR 95% CI OR 95% CI

Pre-admission FI −6.09*** −7.99, −4.18 1.68** 1.23, 2.28 2.46*** 1.62, 3.74 2.52*** 1.80, 3.52
Age −0.23** −0.38, −0.08 1.04** 1.01, 1.06 1.05* 1.01, 1.08 1.05** 1.02, 1.08
Female, sex −1.05 −3.38, 1.29 0.95 0.63, 1.42 1.14 0.66, 1.97 1.34 0.87, 2.06
Influenza status −2.33 −7.30, 2.63 1.58 0.62, 4.02 2.11 0.58, 7.61 3.22* 1.19, 8.70
Influenza Vaccination status 2.93* 0.33, 5.53 0.76 0.49, 1.19 0.74 0.40, 1.35 0.82 0.51, 1.33
Pre-admission Barthel −0.42*** −0.52, −0.32 1.00 0.99, 1.02 1.04** 1.01, 1.06 1.03*** 1.02, 1.05
Barthel admission: Barthel prior 0.11*** 0.06, 0.17 0.98*** 0.97, 0.99 0.98*** 0.97, 0.99 0.98*** 0.97, 0.99
FI by influenza status 0.75 −1.45, 2.94 0.95 0.68, 1.32 0.77 0.46, 1.29 0.67* 0.45, 1.00

Note: Significant interaction between frailty and influenza status for functional decline. Coefficients for frailty: influenza OR = 1.68* (1.11, 2.54) and other
ARI OR = 2.52*** (1.80, 3.52).
*P < .05.
**P < .01.
***P < .001.
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with increasing LOS (Table 3); for example the experience of
functional decline was 11.0% in patients with LOS ≤5 days,
18.3% for LOS 6 to 8 days, 21.4% for LOS 9 to 13 days,
and 31.8% in those with LOS >13 days (P < .001).

Functional Decline from Pre-Admission to 30 Days Post-
Discharge

On average, participants who were still alive at 30 days
post-discharge experienced a drop of 2.38 points on the
BI. In the adjusted analysis, each 0.1 increase in baseline
frailty was associated with a 5.87 point decline on the BI
(P < .01). Worse baseline function was associated with
attenuation in the absolute further decreases in BI score
during admission. Greater functional loss with the acute
presenting illness (baseline to admission) was also indepen-
dently predictive of worse functional outcomes after hospi-
tal discharge: for each point lost on the BI from baseline to
admission, the odds of functional decline increased by 2%
(P < .001). Influenza status did not significantly moderate
the relationship between pre-admission frailty and BI
decline, indicating that average change in BI was similar
between influenza and other ARI groups; however, a statis-
tically significant interaction was observed for functional
decline (decline in BI by ≥10 points), such that higher frailty
was associated with a higher odds of functional decline for
other ARI than influenza. See Table 4 for coefficients for
Models 1 and 2.

Catastrophic Disability

A total of 170 (18.4%) patients experienced a catastrophic
outcome. Each 0.1 increase on the FI was associated with a
65% increase in the odds of a catastrophic outcome and,
among survivors, a doubling in the odds of experiencing
CD. Greater functional loss with the acute presenting illness
(baseline to admission) was also independently predictive of
both CD and death, with the odds of each outcome increas-
ing by 2% for each point of BI decline from baseline to
admission. More patients with influenza than other ARI
experienced a catastrophic outcome (23.1 vs 15.5%,
P < .01) but this was not statistically significant in the final
adjusted model, where influenza status did not significantly
moderate the relationship between frailty and CD. See
Table 4 for coefficients for Model 1 and 2.

DISCUSSION

Among older Canadians admitted to CIRN SOS network
hospitals during the 2011/2012 influenza season, both influ-
enza and other ARI groups experienced a loss of function.
Although a large proportion returned to their baseline,
18.2% experienced a clinically meaningful loss of function
at 30 days post-discharge, of whom half had CD.

Some patients experienced functional improvement.
This may have been attributable to treatment of chronic
health conditions, availability of physiotherapy/rehabilita-
tion services, and access to multidisciplinary teams. Addi-
tionally, a survivor effect may be at play as the most
functionally impaired patients were more likely to die.
Indeed, we found that baseline BI was lower for those who

died, and the mean change in BI for the most frail was
positive.

Functional decline from baseline to admission, rep-
resenting the functional loss associated with acute presenta-
tion of influenza and other ARI, was an important factor.
The degree of functional decline at presentation was inde-
pendently associated with all outcomes (functional decline,
CD, and death). This is highly clinically relevant, as func-
tional decline may be the best indication that an older adult
is sick. When viewed in absolute terms, the mean 21 to
23 point BI loss experienced by the nonfrail, prefrail, and
frail patients represents complete loss of two basic ADLs.
Interestingly, although the absolute loss of function
appeared to be less in the most frail group (at 8.9 points),
when we consider that this group had a mean baseline BI of
only 19.1 points, the relative loss of 46.6% of baseline
function is striking. Although LOS is most commonly con-
sidered as an outcome rather than a risk factor,25-27 our
finding that longer LOS was associated with step-wise
increases in all adverse outcomes is consistent with prior
literature.4

Both influenza and ARI patients experienced loss of
function while in hospital. It is notable that patients admit-
ted with influenza had worse function and higher frailty at
baseline than those with ARI. This association of lower
functional status and higher frailty may mean these individ-
uals are more susceptible to influenza infection requiring
hospitalization than their less frail, less functionally
impaired peers. Admissions following LTCF outbreaks may
also have led to inclusion of more frail and functionally
impaired patients in the influenza group; indeed we did find
that influenza cases were more likely to have been admitted
from LTCF. In our linear regression model examining asso-
ciations with absolute change in BI, we found that influenza
vaccination was associated with better BI scores (a 2.97
point increase vs unvaccinated patients). Although this sta-
tistically significant effect could be due to differences in
unmeasured characteristics between those who were vacci-
nated and those who were not, we did control for a number
of variables, including frailty.15 The nonsignificant effect of
influenza vaccination in the logistic regression models
predicting the dichotomized outcomes of functional decline
and CD in this hospitalized population may be due to a loss
of sensitivity from dichotomization versus use of continuous
functional change. In sum, although vaccination status sig-
nificantly predicts how much the BI changes from pre-
admission to 30 days post-discharge, it is not a significant
predictor of who will decline more than 10 or more than
20 points. The major role for influenza vaccination remains
to prevent the need for hospital admission in the first place.
As we have previously reported, influenza vaccination was
58% effective in preventing influenza hospital admission
among older adults in the 2011/2012 season.15

Counter to the commonly held view that influenza is
an acute self-limited illness, patients admitted with influenza
were no less likely than patients with other ARI to experi-
ence functional declines. This functional loss has implica-
tions in terms of the individual’s living situation, as loss of
ADL independence would require increased care, and
would be expected to lead to lasting need for increased reli-
ance on informal (family and friend) and/or formal (paid)
caregivers, and/or incident LTCF placement. These poor
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functional outcomes thus have a great impact on both older
adults and their families. Indeed, many older adults fear
functional dependence and being a burden on their families
more than death itself.28 Stratification by frailty revealed an
expected pattern of increasing functional with frailty, how-
ever it is important to note that persistent functional
declines were not limited to the frail; nonfrail and prefrail
individuals also experienced measurable functional declines
that persisted after hospital discharge.

To the best of our knowledge, this is the first study to
specifically report on functional declines following hospital-
ization for influenza, although it builds on a robust existing
literature demonstrating the impact of hospitalization on
function in general patient populations. For example, a
study of 2,293 older inpatients (ages 70+) found that 35%
had declined in ADL function from baseline to hospital dis-
charge.2 For older adults who are discharged from hospital
with new or increased functional impairment, prognosis for
functional recovery is generally poor.4 With regard to respi-
ratory infectious causes of admission, a Barcelona study
reported that 23% of 93 survivors of a hospital admission
for pneumonia had experienced functional decline.29 An
American study reported that of 301 consecutive patients
aged 65 and older admitted to hospital with pneumonia,
36% had functional decline in basic ADL at hospital dis-
charge and this persisted in 11% after 3 months.30 An anal-
ysis of the Health and Retirement Study cohort found that
survivors of a hospital admission for pneumonia had expe-
rienced one new impairment in a basic or instrumental
ADL, and that pneumonia survivors reported more numer-
ous persistent impairments in functional activities versus
survivors of myocardial infarction.31

Our study is not without limitations. As has been dis-
cussed in a prior publication on frailty from the SOS
Network,15 missing data is a limitation. There were more
missing data in influenza cases compared to patients with
other ARI. This may reflect the degree of difficulty of data
collection in studies of vulnerable older adults. Indeed, as
previously discussed in the literature, this may have under-
estimated the degree of frailty among cases, as frailty tends
to be higher in those with missing data due to various fac-
tors including the challenges of data collection.32 We
addressed this limitation by using multiply imputed data to
ensure as many participants as possible were included. We
report analyses based on the 2011/2012 influenza season.
SOS Network surveillance has continued in the years since,
though not with collection of detailed functional data. As
such, this season presents us with the best opportunity to
study the impact of admission for influenza and other acute
respiratory conditions in what remains a large and well
characterized sample.

CONCLUSIONS

Functional loss in hospital is a common occurrence for
older adults, and for a smaller but significant subset within
this group, functional loss is persistent and catastrophic.
This highlights the importance of disease prevention and
management to avoid hospitalization from any cause. We
found that older adults with LCI had functional losses
equivalent to their peers with other ARIs. Preventing hospi-
talization, including through interventions such as influenza

and pneumococcal vaccination, is important in the prevention
of functional decline and CD.
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