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Abstract

BACKGROUND: People live longer, and frailty has become an
important problem in the acute hospital setting. Increasingly the
association between frailty and hospital-acquired complications has
been reported. However, the overall burden of frailty in this setting
has not been described. Therefore, we undertook this study to describe
the association between frailty and the risk of hospital-acquired
complications among older adults across our five acute hospitals and to
estimate the overall burden of frailty attributable to these complications.
METHODS: Consecutive admissions among women and men aged >
65 years across our local health district’s five acute hospitals, between
January 2010 and December 2020, were included to investigate the
association between the number of cumulative frailty deficit items
and hospital-acquired complications and infections. The numbers of
cumulative frailty deficits are presented in four groups (0-1 item, 2
items, 3 items, and 4-13 items). Individual events such as falls, delirium,
pressure injuries, thromboembolism, malnutrition, and multiple types of
infections are also presented. The overall burden of frailty was estimated
using a population-attributable-risk approach.

RESULTS: During the study period there were 4,428 hospital-acquired
complications, among 120,567 older adults (52% women). The risk of
any hospital-acquired complication (HAC) or any hospital-acquired
infection (HAI) increased as the cumulative number of frailty deficits
increased. For the 0-1 deficit item group versus the 4-13 items group,
the risk of any HAC increased from 5.5/1000 admissions to 80.0/1000
admissions, and for any HAI these rates were 6.2/1000 versus 58.2/1000,
respectively (both p-values < 0.001). The 22% (27,144/120,567)
of patients with 3 or more frailty deficit items accounted for 63%
(2,774/4,428) of the combined hospital-acquired complications and
infections. We estimated that the population-attributable risks of
any hospital-acquired complication or infection were 0.54 and 047,
respectively.

CONCLUSION: We found that an increasing number of cumulative
frailty deficit items among older patients are associated with a higher
risk of hospital-acquired complications or infections. Importantly, frail
older adults account for most of these adverse events.
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Introduction

eriatricians have long recognised the “hazards

of hospitalisation” for older adults, age being

consistently identified as the strongest predictor of
hospital-acquired complications such as falls, delirium, pressure
injuries, thromboembolism, malnutrition, and infections (1, 2).
Most of these adverse events among older adults admitted to
hospital have been suggested to be a consequence of frailty,
acute illness, and the hospital environment (see Figure 1) (2).
Coupled with this are the gains in life expectancy and a shift
in mortality from degenerative diseases to older ages, which
have been proposed as the fourth stage of the epidemiologic
transition, “the age of delayed degenerative disease” (3).
Increased life expectancy is not without negative consequences,
the most problematic in the acute hospital setting is frailty
among older adult admissions (1).

Frailty has been reported to be an independent predictor of
hospital-acquired complications among older adults in various
acute hospital settings (1, 4-7). However, the overall burden of
frailty and hospital complications among older adults admitted
to the hospital has not been specifically investigated. Therefore,
we undertook this study to describe the proportion of hospital-
acquired complications among older adults who are frail and
to estimate the overall burden of frailty using a population-
attributable risk approach (8).

Methods

Setting and participants

We included all patients aged 65 years or more, who had at
least one admission to one of our five acute public hospitals
across the South Western Sydney (SWSLHD) Local Health
District between January 1st 2010 and December 31st 2020.
Our analysis is based on the first (index) admission during
this period. We have included both unplanned (emergency)
and planned admissions, with at least an overnight stay in the
hospital, excluding day-only admissions such as those for renal
replacement therapy and ambulatory care.
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Figure 1. Adapted from the hazards of hospitalization for the elderly and the cascade of dependency as described by Creditor (2)
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Estimating frailty status on admission to hospital

Frailty among these older patients was estimated using a
cumulative deficit approach developed by Clegg et al (9), using
clinical coding (ICD-10-codes) of 36 deficit items (Appendix
1). We have found locally that this approach to estimating
frailty performs well in predicting mortality (c-statistic =
0.70), and inspection of survival curves from our hospital
population are comparable to those from Clegg’s population-
based development model, in which increasing deficit items
groups are related to increased mortality (9). We have also
previously shown that this cumulative deficit approach using
coded hospital data, performs comparably to Rockwood’s
Clinical Frailty Scale in predicting an acute episode of delirium
in the adult intensive care setting (both c-statistics = 0.70)
(10). In our cohort, cumulative deficit items were identified
from pre-existing conditions at the time of hospital admission.
These were coded as part of routine hospital administrative data
collection. Specifically, four cumulative frailty item groups
were derived based on the distribution of items: 0-1 item; 2
items; 3 items; and 4-13 items. Grouping is based on using
the lower and upper 99th population percentile of deficit items
(in our case 0 and 4). This range is divided into four equally
distanced groups as suggested by Clegg et al (9). Using this
approach the two highest deficit items groups are considered
moderately and severely frail, respectively. Using this criterion
we have used 3 or more deficit items to indicate the presence of
frailty on admission to the hospital. Rather than using an index
we present the actual number of items. The distribution of the
deficit items in our cohort is presented in Figure 2.

QOutcomes of interest

Our main outcomes of interest were based on Hospital
Acquired Complications (HACs): (1) falls; (2) pressure injury;

(3) delirium (4); malnutrition; and (5) thromboembolism.
And Hospital Acquired Infections (HAI): (1) multi-resistant
organisms (MRO); blood-stream infections (BSI); surgical
site infections (SSI); catheter-associated urinary tract
infections (CAUTI); and acute pneumonia (AP). All these
complications are routinely identified and coded as part of our
national hospital coding standards, using ICD-10-AM codes
and specifically identified as being hospital-acquired by an
associated hospital-onset flag code (11).

Statistical analysis

The characteristics of the cohort of older adults admitted to
our hospitals are presented using descriptive statistics, and the
number of adverse events are presented as rates with associated
95% confidence intervals (95% CI), per 1000 admissions. The
association between an increasing number of frailty deficit
items and the risk of specific hospital-acquired adverse events
(HAC, HAI) was assessed using Poisson regression, adjusted
for age and sex. Estimates are presented as Rate Ratios (RR)
and associated 95% CI (12). The numbers of cumulative frailty
deficit items are presented in four groups (0-1 item, 2 items, 3
items, and 4-13 items). The population-attributable risks of any
HAC or HAI, based on the proportion of frail older adults (3 or
more deficit items, as suggested by Clegg et al (9)) were also
estimated (8, 13).

popAR=(p(RR-1))/(p(RR-1)+1)

Where, popAR = population-attributable risk, p = the
proportion of exposure among the given population (in our case
the proportion of older adults with 3 or more deficit items),
and RR = adjusted (age and sex) Risk Ratio. The adjusted
model areas under the receiver operator characteristic curves
and associated 95% CI are presented (AUC). The absolute
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Figure 2. Distribution of cumulative deficit items
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AF = atrial fibrillation, IHD = ischaemic heart disease, CKD = chronic kidney disease, CVD = cardiovascular disease, and PVD = peripheral vascular disease.

Table 1. Characteristics of older hospitalised adults, based on the number of cumulative frailty deficit items

Cumulative frailty deficit item group. p-value
0-1 deficit items 2 deficit items 3 deficit items 4-13 deficit items
(n=68,980) (n=24,443) (n=13,786) (n=13,358)
Age (years), mean (SD) 76.4 (7.5) 78.5 (7.8) 794 (7.8) 80.1 (7.7) <0.001
Females, n (%) 35,611 (52) 12,667 (52) 7,265 (53) 6,936 (52) 0.147
Emergency admission, n (%) 49,327 (72) 19,800 (81) 11,498 (83) 11,333 (85) <0.001*
Injury admission, n (%) 7,846 (11) 5,124 (21) 3,353 (24) 3,820 (29) <0.001?
Cumulative deficit items, n (%)
Diabetes 6,957 (10) 7,604 (31) 5,443 (39) 6,726 (50) <0.001*
Hypertension 2,023 (3) 4,949 (20) 4480 (32) 6,627 (50) <0.001?
Falls 5,142 (7) 4,975 (20) 3,439 (25) 4,108 (31) <0.001*
ICognitive problems 2,640 (4) 4,094 (17) 3,538 (26) 5,099 (38) <0.001*
Syncope 2,930 (4) 3,764 (15) 3012 (22) 4455 (33) <0.001°
Atrial fibrillation 1,764 (3) 2,688 (11) 2,588 (19) 4341 (32) <0.001*
Osteoporosis 3,651 (5) 2,618 (11) 1,566 (11) 1,851 (14) <0.001*
Ischaemic heart disease 1,945 (3) 2,328 (12) 1,921 (14) 2,315 (21) <0.001°
Social vulnerability 1,172 (2) 2,160 (9) 1,816 (13) 2,877 (22) <0.001°
Polypharmacy 646 (1) 1,849 (8) 1,920 (14) 3,368 (25) <0.001*
Heart failure 743 (1) 1,474 (6) 1,724 (13) 3,631 (27) <0.001*
Hospital length of stay, median (IQR) 3(1-5) 5(2-9) 7 (3-14) 12 (6-22) <0.001
Hospital death, n (%) 1,089 (2) 941 (4) 777 (6) 1,209 (9) <0.001*

a. p-value for trend.

risk of these adverse events during a hospital stay based on
age, sex, and the number of cumulative deficit frailty items
groups are presented, with 95% CI. All data management was
undertaken using SAS (version 9.4), and all statistical analyses
were performed using the R language for statistical computing
(14).

Ethical Considerations

This project was reviewed by the SWSLHD Local
Health District Human Research Ethics Committee and was
determined to meet the requirements of the National Statement
on Ethical Conduct in Human Research (2007). Due to the
use of routinely collected hospital separation data, the need
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Table 2. Risk of hospital acquired complication based on the number of cumulative frailty deficit items

Adverse event no. of events/admissions

(95% CI)

Any HAC

0-1 items. 364/68,980 53471059

2 items 484/24 443 19.8 (18.1 to 21.7)

3 items 514/13,768 37.3 (34.1t0 40.7)

4-13 items 1,069/13,358 80.0 (75.2 to 85.0)
Falls

0-1 items. 174/68,980 25221029

2 items 332/24,443 13.6 (12.2t0 15.1)

3 items 397/13,768 28.8 (26.0 to 31.8)

4-13 items 674/13,358 50.5 (46.7 to 54.4)
Pressure injury

0-1 items. 33/68,980 0.5(0.3t00.7)

2 items 36/24 443 1.5(1.0t02.0)

3 items 43/13,768 31(23t042)

4-13 items 106/13,358 79 (6.5109.6)
Delirium

0-1 items. 97/68.980 14(1.1t01.7)

2 items 269/24 443 11.0 (9.7 to 12.2)

3 items 265/13,768 19.2 (170 to 21.7)

4-13 items 637/13,358 477 (440t051.5)
Malnutrition

Lowest no. 30/68.980 04 (0.3t00.6)

2nd group 28/24.443 1.1(0.8t01.7)

3rd group 27/13,768 20(1.3t02.8)

Highest no. group 45/13,358 34(25t04.5)
Thromboembolism

0-1 items. 49/68,980 0.7(0.5t00.9)

2 items 43/24 443 1.8(13t024)

3 items 41/13,768 30(2.1t04.0)

4-13 items 79/13 358 59@4.7t074)

rate per 1000 admissions

Crude rate ratio Adjusted rate ratio' AUC p-value!
(95% CI) (95%CI) (95%CI)*

1.0 (ref) 1.0 (ref)

375 (33 to 4.3) 3.69 (32 t04.2)

707 (6.2t08.1) 6.92(6.0t07.9)

15.17 (13.5t0 17.1)  14.74 (13.1 to 16.6) 0.780 (0.77 to 0.79) <0.001
1.0 (ref) 1.0 (ref)

5.38 (4.5 10 6.5) 5.19 (4310 62)

1142 (9.6t013.6)  10.86 (9.1 to 13.0)

20.00 (16910 23.6) 18.74 (15.8 to 22.2s) 0.801 (0.79 t0 0.82) <0.001
1.0 (ref) 1.0 (ref)

3.08 (1.9 t04.9) 3.02 (19 to 4.6)

6.52 (4.1 to 10.3) 6.34 (4.0 to 10.0)

16.59 (11.2t0 24.5)  16.03 (10.8 to 23.8) 0.791 (0.76 to 0.81) <0.001
1.0 (ref) 1.0 (ref)

7.83 (6.2t09.9) 7.56 (6.0 t0 9.5)

13.67 (10.8to 17.3)  13.04 (10.3 to 16.5)

3391 (2741t042.0) 31.85(25.71t039.5) 0.828 (0.82t0 0.84) <0.001
1.0 (ref) 1.0 (ref)

263 (1.6t04.4) 258 (1.5t04.3)

450 (2.7 t0 7.6) 438 (2.6t074)

7.75 (49 to 12.3) 747 (4.7t0 12.0) 0.715 (0.67 to 0.76) <0.001
1.0 (ref) 1.0 (ref)

248 (1.6 0 3.7) 2.52(1.7 10 3.8)

4.19 (2.8 t0 6.3) 4.28 (2.8t06.5)

833 (58t0 11.9) 8.57(60to0 12.3) 0.721 (0.686 t0 0.76) < 0.001

1. adjusted (age and sex) p-value for trend; 2. Area Under the ROC curve for the adjusted model.

for individual patient consent was waived (HREC code —
ETH11883).

Results

During the study period, there were 4,428 hospital-acquired
complications, among 120,567 older adults. The characteristics
of the study participants, at the index admission, based on the
cumulative frailty deficit item groups, are presented (Table 1).
Most patients (57.2%) had 0-1 deficit item on admission, 20.3%
had 2 items, and 22.5% had 3 or more cumulative frailty deficit
items (Table 1). The average age increased across the groups
of increasing cumulative frailty deficit items and ranged from
76.4 years (SD 7.5), in the 0-1 cumulative frailty deficit item
group to 80.1 (SD 7.7) in the 4-13 items group. The distribution
of females (52%) was similar across cumulative frailty deficit
items groups (p-value = 0.15), and the proportion of emergency
admissions and those associated with injury increased across
cumulative frailty deficit items groups (both p-values < 0.001).

The frequency of the most common cumulative frailty deficit
items increased across the four groups also (all p-values <
0.001) (Fig 2). Furthermore, length of stay increased with
an increasing number of frailty deficit items, ranging from
3 days (IQR 1 to 5) to 12 days (IQR 6 to 22) across the four
cumulative frailty deficit items groups (p-value < 0.001), and
the associated rate hospital of mortality ranged between 2%
(1,089/68,980), and 12% (1,209/13,358) across the cumulative
frailty deficits item groups.

Risk of hospital-acquired adverse events based on
increasing cumulative frailty deficit items

The associations between increasing frailty deficit items and
hospital complications are presented in Table 2, and hospital-
acquired infections in Table 3. Overall, the risk of any HAC
increased as the number of cumulative frailty deficit items
increased (Table 2), with rates per 1000 admissions ranging
between 5.3 (95% CI 4.7 to 5.9) to 80.0 (95% CI 75.2 to 85.0)
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Table 3. Risk of hospital acquired infection based on the number of cumulative frailty deficit items

MOST HOSPITAL-ACQUIRED COMPLICATIONS AMONG OLDER ADULTS ARE ASSOCIATED WITH FRAILTY

Adverse event no. of events/admissions rate per 1000 admissions  Crude rate ratio Adjusted rate ratio’ AUC p-value!
(95% CI) (95% CI) (95%CI) (95%CI)*

Any HAI

0-1 items. 429/68,980 6.2(5.6106.8) 1.0 (ref) 1.0 (ref)

2 items 377/24 443 154 (13910 17.1) 248(22t029) 245(2.1t02.8)

3 items 410/13,786 29.7 (26.9 t0 32.8) 478 (42105.5) 468 (4.1t054)

4-13 items 781/13,358 58.5 (54.4 t0 62.7) 9.40 (8.4 t0 10.6) 9.17 (8.1 t0 10.3) 0.742 (0.73 t0 0.75) <0.001
MRO

0-1 items. 17/68,980 0.2(0.1t00.4) 1.0 (ref) 1.0 (ref)

2 items 18/24 443 0.7 (04to 1.2) 299 (1.5t05.8) 290 (1.5t05.7)

3 items 18/13,786 1.3(0.8t02.1) 530 (2.7 t0 10.3) 508 (2.6t09.9)

4-13 items 31/13,358 23(1.6103.3) 942 (52t017.1) 8.94 (4910 16.3) 0.750 (0.70 to 0.80) <0.001
BSI

0-1 items. 19/68,980 03(02t004) 1.0 (ref) 1.0 (ref)

2 items 11/24 443 0.5(02t00.8) 1.63 (0.8 t0 3.4) 1.74 (0.8 t0 3.7)

3 items 22/13,786 1.6 (1.0t02.4) 5.79 (3.1 to 10.7) 6.35 (34 1t0 11.8)

4-13 items 48/13,358 3.6 (2.6t04.8) 13.05 (7.7 t0 22.2) 14.60 (8.5 t0 25.1) 0.785 (0.74 t0 0.83) <0.001
SSI

0-1 items. 45/68.980 0.7 (0.5 t0 0.9) 1.0 (ref) 1.0 (ref)

2 items 30/24 443 12(0.8t01.8) 1.88(1.2t03.4) 194 (1.2t03.1)

3 items 23/13,786 1.7 (1.1 t0 2.5) 2.56 (1.6 to 10.7) 4.68 (1.6t04.5)

4-13 items 60/13,358 4534105.8) 6.89 (4.7t022.2) 729 (4910 10.8) 0.706 (0.66 to 0.75) <0.001
CAUTI

0-1 items. 209/68,980 30(2.6t03.5) 1.0 (ref) 1.0 (ref)

2 items 196/24 443 8.0(69t09.2) 2.65(22t032) 252(2.1t03.1)

3 items 195/13,786 14.1 (122 t0 16.3) 4.67 (3.8t05.7) 4.68 (3.6105.3)

4-13 items 364/13,358 27.2 (24510 30.2) 8.99 (7.6 to 10.7) 827 (70t09.8) 0.754 (0.74 t0 0.77) <0.001
Acute pneumonia

0-1 items. 169/68.980 24(21102.8) 1.0 (ref) 1.0 (ref)

2 items 150/24.,443 6.1(52t07.2) 2.50(20t03.1) 253(20t032)

3 items 196/13,786 142 (123 to 16.4) 5.80 (4.7t07.1) 5.89 (4.8t07.3)

4-13 items 392/13,358 293 (26.5t032.4) 12.00 (10.0 to 14.4) 12.18 (10.1 to 14.6) 0.757 (0.74 t0 0.77) <0.001

1. adjusted (age and sex) p-value for trend; 2. Area Under the Receiver Operation Characteristic (ROC) curve for the adjusted model. 95%CI = 95% confidence interval. Any Hospital
Acquired Infections (any HAI): multi-resistant organisms (MRO), blood-stream infections (BSI), surgical site infections (SSI), catheter-associated urinary tract infections (CAUTI).

(adjusted p-value for trend < 0.001) The associated model
adjusted for age and sex had an AUC of 0.78 (95% CI 0.77
to 0.76). The population-attributable-risk of any HAC due to
having 3 or more cumulative frailty deficit items was estimated
to be 0.54. The risks of the specific HAC events (falls, pressure
injury, delirium, malnutrition, and thromboembolism) were
all observed to increase with the number of frailty deficit
items (Table 2). The various associated AUCs for the adjusted
models for these outcomes ranged between 0.72 and 0.83,
with the strongest discriminatory value observed for falls.
The risk of any HAI increased as the number of cumulative
frailty deficit items increased, with rates per 1000 admissions
ranging between 6.2 (95% CI 5.6 to 6.8) to 58.5 (95% CI
54.4 to 62.7) with an adjusted p-value for trend < 0.001. The
associated model adjusted for age and sex had an AUC of
0.74 (95% CI 0.73 to 0.75). The population-attributable risk
of any HAI having 3 or more cumulative frailty deficit items
was estimated to be 0.47. The risks of the specific HAI events

(MRO, BSI, SSI, CAUTI, and acute pneumonia) were all
observed to increase with the number of frailty deficit items
(Table 3). The various associated AUCs for the adjusted models
for these outcomes ranged between 0.71 and 0.79.

The distributions of cumulative frailty deficit item groups
and each hospital-acquired adverse event are presented in
Figure 3. The 22% (27,144/120,567) of patients with 3 or
more frailty deficit items accounted for 63% (2,774/4,428) of
the combined hospital-acquired complications and infections.
The absolute risk of each of the HAC or HAI adverse events,
based on age, sex, and cumulative frailty deficit items group
are presented in Figure 4. For example, the absolute risk of any
HAC during a hospital stay was observed among males in the
4-13 cumulative frailty deficit items group, to be between 8%
and 10% across all age groups, and the risk among women in
this group ranged between 6% and 7%. Both men and women
in the lowest cumulative frailty deficit item group (0 to 1) had
an absolute risk of any HAC or HAI below 1%.
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Figure 3. The proportion of adverse events is based on the no.
of cumulative frailty deficit items (CFI)
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Any Hospital Acquired Complications (any HAC): Fall, pressure injury (HAPI), Delirium,
Malnutrition, thromboembolism (TE). Any Hospital Acquired Infections (any HAI): multi-
resistant organisms (MRO), bloodstream infections (BSI), surgical site infections (SSI),
catheter-associated urinary tract infections (UTI), and acute pneumonia (AP).

Discussion

In this large study of over 120,000 hospitalised older
adults aged =65 years, we found that most hospital-acquired
complications are strongly associated with an increasing
number of cumulative frailty deficit items. For example,
when the 0-1 deficit item group versus the 4-13 items group
were compared, the risk of any HAC increased from 5.5/1000
admissions to 80.0/1000 admissions, and for any HAI these
rates were 6.2/1000 versus 58.2/1000, respectively (both
p-values < 0.001). We estimated that approximately 60% of
these adverse events occurred among the 22% of older patients
who were considered frail on admission to the hospital (3 or
more deficit items). These results underscore the high burden
of adverse events among older adults who are admitted to the
hospital with frailty.

Frailty in community-dwelling older adults has been
associated with a greater risk of falls (15, 16), delirium

(17), and mortality (18-20). In the hospital setting, frailty is
associated with adverse events among a wide range of patients
(6, 7), including in-hospital falls, delirium, pressure injury, and
mortality (1). Our large study of a cohort of older hospitalised
patients highlights the burden of frailty in terms of hospital-
acquired adverse events and the need for high-quality, well-
designed studies to explore the potential role of models of care
that focus on this vulnerable population in the acute hospital
setting. Moreover, up to 80% of hospital deaths occur in older
frail people (21). Most of these were not recognised as being
near the end of life before hospital admission.

Our results need to be considered in the context of some
potential weaknesses. Our method of estimating the burden
of frailty among older patients was based on coded hospital
separation data, for both our exposure and outcomes, this
could result in some potential bias. In both cases, we feel the
exposure (frailty) and the outcomes of interest (hospital adverse
events) are under-reported using this type of data, therefore our
estimates of risk may be biased toward the null. Even though
our overall number of deficit items was lower than those
obtained by Clegg (1) in the development of the electronic
cumulative frailty index, our distribution of categories was
very similar, with approximately half of our cohort in the
lowest deficit group (0-1 deficit items), which Clegg referred
to as ‘Fit’. Importantly, our observed relationship between an
increasing number of frailty deficit items and the risk of adverse
events in the hospital setting was very strong and consistent
across events. Furthermore, we have been able to focus on a
range of hospital-acquired adverse events in one study.

The clinical implications of our findings when considered in
the context that clinical staff currently spend time and resources
separately documenting risks and management protocols for
individual complications such as pressure injuries, falls, and
delirium. This study and others like it suggest that measuring
frailty at hospital admission as a surrogate for these and other
complications as well as a platform for important discussions
around prognosis and management plans may provide a more
appropriate approach to patient-centred management.

Figure 4. The absolute risk of HAC (left panel) and HAI (right panel) based on sex, no. of frailty deficit items, and age group
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Conclusion

High rates of hospital-acquired adverse events in older
people are associated with frailty. Importantly, we observed that
most of these events occur among a minority of older patients
who were frail on admission to the hospital, supporting the need
for trials of targeted multi-model interventions delivered by
all clinicians in the acute care setting. These results highlight
the burden of adverse events among frail older adults who are
admitted to the hospital and the need for a more holistic and
coordinated response by healthcare providers to frailty in the
acute hospital setting. This response will need to be acceptable
and fit for the purpose - addressing the specific needs and
wishes of frail older patients and their families.
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