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Abstract

Background: Frailty is associated with early postoperative outcomes. How frailty influences long-term postoperative
recovery is poorly described. Our objective was to evaluate the association of frailty with postoperative disability tra-
jectories in the year after surgery.

Methods: Prespecified 1-yr follow-up of a prospective multicentre cohort study. Patients >65 yr were assessed for frailty before
major elective noncardiac surgery (Clinical Frailty Scale [CFS] and Fried Phenotype [FP]). The primary outcome was patient-
reported disability score (using the WHO Disability Assessment Schedule 2.0) at baseline, 30, 90, and 365 days after surgery.
Repeated measures linear regression estimated the association of preoperative frailty with changes in disability scores over
time, adjusted for procedure. Group-based trajectory modelling was used to identify subgroup trajectories of people with frailty.
Results: One-year follow-up was complete for 687/702 (97.9%) participants. Frailty was associated with a significant
difference in disability trajectory (P<0.0001). Compared with baseline, people with frailty experienced a decrease in
disability score at 365 days (CFS frailty: —7.3 points, 95% confidence interval [CI] —10.2 to —4.5); (FP frailty: —5.4 points, 95%
CI —8.5 to —2.3); people without frailty had no significant change in their disability score from baseline (no CFS

frailty: +0.8 points, 95% CI —1.7 to 3.2; no FP frailty: +1.1 points, 95% CI —3.5 to 1.3). More than one-third of people with
frailty experienced an early increase in disability before achieving a net decrease in disability.

Conclusions: Decision-making and care planning should integrate the possible trade-offs between early adverse out-
comes with longer-term benefit when frailty is present in older surgical patients.
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Editor’s key points

e Patient frailty has become widely recognised as an
important risk factor in surgery.

This study found that frailty markedly affects long-
term recovery and health after surgery.

Interestingly, disability scores in those with frailty
improved significantly more over time.

Frailty status should not be used as a barrier to
providing care.

Frailty is a syndrome related to the accumulation of age- and
disease-related deficits that results in vulnerability to adverse
health outcomes.>? In the setting of major surgery, frailty is
strongly and consistently associated with poor postoperative
outcomes, including an approximately two-fold increase in
the likelihood of serious morbidity and mortality, and a greater
than five-fold increase in the odds of non-home discharge.®
Additionally, frailty predicts adverse patient-reported out-
comes, including a >two-fold increase in the odds of devel-
oping a new or significantly worsened disability within 90 days
of surgery® and reduced health-related quality of life.®

However, most studies of frailty and adverse postoperative
outcomes have only evaluated in-hospital and early post-
operative outcomes (i.e. within 30—90 days). Although some
studies do address 1-yr mortality rates,® '° few studies provide
data on long-term patient-reported or functional outcomes;
fewer still address long-term outcomes using repeated mea-
sures of patient-reported outcomes to understand recovery
trajectories. In fact, to our knowledge, only one study (single-
centre, limited to aortic valve surgery) has evaluated post-
operative recovery trajectories.’’ Accordingly, international
experts have recently highlighted the need for longitudinal
data on trajectories experienced by older people with frailty as
a key knowledge gap.'?

To address the lack of long-term trajectory data regarding
the association of frailty with patient-reported outcomes, we
conducted a planned 1-year follow-up of patients enrolled in a
multicentre cohort study of older patients having major elec-
tive noncardiac surgery. Our specific objectives were three-
fold. First, we aimed to compare disability scores over time
between individuals with and without frailty (defined using
two validated frailty instruments, the Clinical Frailty Scale
[CFS]* and the Fried Phenotype [FP]*). Next, we aimed to
describe the association between frailty and the occurrence of
death or new disability 1 yr after surgery. Finally, we under-
took an exploratory analysis using group-based trajectory
modelling to evaluate disability trajectories in the year after
surgery in people with frailty.

Methods
Design and study setting

This was a multicentre prospective cohort study conducted
across three separate hospitals in Ottawa, Ontario, Canada. A
protocol has been previously published,'* and primary early
outcomes (death or new disability 90 days after surgery) have
been disseminated.” A specific protocol for 1-yr analysis was
not published. The current study was a planned analysis of
365-day follow-up data.>'* The three hospitals involved
included a community hospital, a regional tertiary cancer
referral centre, and a tertiary referral centre for spine,

vascular, neurosurgery, and trauma. Recruitment occurred
between September 1, 2015 and June 30, 2017. The last 365-day
follow-up took place in July 2018. Ethical approval was ob-
tained from the Ottawa Health Sciences Network Research
Ethics Board and the Montfort Research Institute (Protocol
Approval #20150342-01H and DM-31-08- 15, respectively). Re-
sults are reported according to appropriate guidelines.’

Study population, inclusion, and exclusion criteria

We enrolled all individuals who provided written informed
consent if they were >65 yr of age on the day of their elective
noncardiac surgery with expected length of stay of >2 days.
Participants also had to have working knowledge of English or
French and be reachable by telephone after hospital discharge.
Individuals with mild to moderate cognitive dysfunction who
were able to answer outcome scales were also eligible for
enrolment; if cognitive impairment precluded informed con-
sent by the individual, a decision-making proxy could provide
consent.

Exposures

The presence of frailty before surgery was documented inde-
pendently using two validated and well-studied frailty in-
struments (the CFS' and FP).2 The CFS is a 9-point global rating
scale, with a score assigned based on assessment of mobility,
energy levels, physical activity, and function; scores >4 iden-
tified the presence of frailty. The FP is based on the measure-
ment of gait speed, grip strength, activity levels, history of
weight loss, and falls; individuals with >3 deficits present were
categorised as having frailty. All frailty assessments were
conducted by a trained Clinical Research Assistant (CRA;
training description supplementary Table S1) or the primary
study physician (DIM). All frailty assessments conducted by
CRAs were audited by the primary study physician, although
physician review led to no changes in assigned frailty scores
(see Supplementary Table S1).

Outcomes

The primary outcome was the patient-reported disability
score based on the WHO Disability Assessment Schedule 12-
item (WHODAS), version 2.0,'® which is validated in a variety
of health conditions, including surgery.”” Participants reported
their disability score at baseline, 30, 90, and 365 days after
surgery. The baseline assessment was performed in-person,
as were any assessments performed for patients who
remained in-hospital after surgery at an assessment point.
Otherwise, assessments were reported by telephone to a
trained research assistant who was blinded to frailty status.
Each question was answered using a 0—4-point scale, with
questions addressing issues across six domains of disability
(cognition, mobility, self-care, getting along with others, life
activities, participation in the community; two questions per
domain). This produced a disability score ranging from 0 to 48,
which was then expressed as a percentage of the maximum
score on a 100-point scale. A score of 0 represents no disability,
while a score of 100 represents total disability.’® Normative
data suggest an 8-point change in score to be clinically sig-
nificant; findings reported after the conclusion of the study
suggest a 5-point change may be significant in surgical pa-
tients.'® Validation studies support a cut-off of 25 points to
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represent clinically significant disability.'® Individuals who
were no longer alive at follow-up were assigned a score of 100.

Secondary outcomes were death or new disability 365 days
after surgery, a binary outcome defined using standard criteria
as present if: a) a participant died, b) an individual had an in-
crease in disability score (relative to baseline) of 8 or more
points at follow-up.””

Covariates

Baseline demographic, comorbid, cognitive, and psycho-social
characteristics were collected as outlined in detail in the study
protocol.’* Procedural characteristics were also collected.

Analysis

Descriptive statistics were calculated for individuals with and
without frailty and compared between groups using absolute
standardised differences. We considered absolute stand-
ardised differences exceeding 10 to indicate a substantive
difference between groups.”’’ We also described the average
severity in each WHODAS domain at each time point by frailty
status. All analyses were performed using SAS v 9.4 (SAS
Institute, Cary, NC, USA). The level of significance for statis-
tical testing was set at 5%.

The primary analysis compared repeated measures of the
disability score between people with and without frailty from
baseline over the 365 days after surgery (i.e. days 0, 30, 90, 365).
To do this, the repeated disability score measures were analysed
using linear mixed models using a restricted maximum likeli-
hood approach. The unadjusted analysis included terms for
frailty, categorical time, and frailty-by-time interaction. As the
type of surgery can influence postoperative disability status and
trajectory, our primary adjusted model was specified with an
additional term for surgery type (as a categorical variable with
orthopaedic [reference], intra-abdominal, vascular, thoracic,
and neurosurgery categories). In our primary approach, we
considered frailty-related conditions such as comorbidity,
cognitive dysfunction, and falls history to be contributory to
frailty; these were not included in the model to prevent over-
adjustment bias. In peer-review it was requested that the pri-
mary analysis be repeated with adjustment for additional con-
founders (multimorbidity [>2 Elixhauser comorbidities], sex,
cognitive dysfunction, depression, and smoking), which was
done as a sensitivity analysis. Least squares mean differences
were calculated for each frailty-by-time interaction; adjustment
for multiple comparisons were made using the Tukey-Kramer
method.?’ To account for correlation in repeated measures
over time, an unstructured covariance pattern was selected
(which minimised the Akaike Information Criterion).

We also completed post hoc sensitivity analyses. Recognis-
ing that our specified primary analysis using disability scores
as a continuous normal variable may have been impacted by
non-adherence to the assumptions of linear regression, we
performed the same analysis using a log transformed depen-
dent variable. We also performed an analysis of possible effect
modification by adding a multiplicative interaction term be-
tween frailty and surgery type. To examine whether trajec-
tories may have differed based on the degree of frailty present,
we performed an analysis where frailty status was defined as a
three-level categorical variable (CFS 0—3 [reference], 4, >5; FP
0—1 [reference], 2, >3).

The association of frailty with death or new disability 365
days after surgery was analysed using unadjusted and

adjusted (for surgery type, as in our primary analysis) Poisson
regression with robust standard errors to generate risk
ratios.??

As an exploratory analysis, we also performed group-based
trajectory modelling to identify whether distinct subgroups of
patients who followed similar disability trajectories over the
first postoperative year were present among people with
frailty. Disability scores were modelled using a censored
normal distribution, and we considered models with three,
four, and five possible trajectory groups. Separate models were
fit for individuals identified with frailty using the CFS and FP.
We identified the best fitting model for each frailty instrument
(based on the lowest Akaike Information Criterion) and
confirmed that the model had clinical validity through pre-
sentation to the multidisciplinary authorship group.?>?* Model
fits were confirmed through calculation of predicted group
membership by actual group assignment (values >0.7 suggest
good fit).?>%

Sample size

This was a planned 1-yr follow-up study of a cohort that was
initially powered to detect a difference in relative true and
false positive rates predicting 90-day death or new disability
between the CFS and the FP. All participants with available
outcome data were included in this analysis.

Missing data

As the method of restricted maximum likelihood analysis of
repeated measures allows estimation of effect sizes even
when missing values exist at some timepoints and our overall
proportion of missing values was small, our analysis was
based on all available data without imputation.

Results

Follow-up data were complete for 687 of the 702 participants
who consented and underwent an eligible surgery (97.9% with
complete follow-up; Fig. 1). Baseline characteristics are pro-
vided in Table 1, grouped by frailty status (291 [42.4%] had
frailty per the CFS; 252 [36.7%)] per the FP). The group with
frailty included more people with orthopaedic and fewer with
abdominal surgery than the group without frailty and were
slightly older with higher rates of multimorbidity and
depression. The most common procedures within each sur-
gery type are provided in Supplementary Table S2.

Association of frailty with disability scores over time

Results for analyses using the CFS are presented here. Because
results using the FP were similar, but the CFS is faster and
easier to use for perioperative clinicians,” FP-specific findings
are reported in Supplementary Table S3.

Baseline disability scores differed significantly between
individuals with and without frailty using the CFS (P<0.0001).
People without frailty had an average disability score of 13.3
(standard deviation 22.9) at baseline, while those with frailty
had an average disability score of 26.9 (standard deviation
24.6).

The results from the repeated measures linear regression
analysis are presented in Figure 2. With and without adjusting
for surgery type, there were statistically significant differences
between the groups at baseline and over time (each P<0.0001).
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Assessed for eligibility
n=829

Y

Eligible and consented

n=721
Excluded: Did not have surgery
(n=11); ineligible surgery (n=5);
P age<65 at surgery (n=1);
language (n=1); repeat
 / enrolment (n=1)

Had planned surgery

n=702
Lost to follow-up: No outcome
o data at any postoperative
o timepoint
\ n=15

Complete outcome data
n=687

Fig 1. Cohort creation, reasons for exclusion and follow-up.

Table 1 Baseline cohort characteristics.

Frailty No frailty ASD

n=252 n=435
Age, yr (mean, [sp]) 74 (7] 73 [6] 15
Male sex (n, %) 106 [42.1] 247 [56.8] 30
Multimorbidity (n, %) 167 [66.3] 249 [57.2] 19
BMI, kg m™2 (mean, [sp]) 32 [22] 30 [11] 11
Type of surgery (n, %) 143 [56.8] 209 [48.1] 17

Orthopaedic

Abdominal 36 [14.3] 102 [23.5] 24
Thoracic 25 [9.9] 43 1[9.9] 0
Neuro 15[6.0] 19([44] 7
Vascular 33[13.1] 62[14.3] 3
Cognitive impairment (n, %) 123 [48.8] 124 [14.5] 79
History of falls (n, %) 107 [42.5] 99 [22.7] 43
Depression (n, %) 34 [14.5] 18[4.1] 36
Smoker (n, %) 80[31.2] 158[36.3] 11

ASD, absolute standardised difference; sp, standard deviation.

In contrast to those without frailty at baseline, disability
scores in those with frailty improved significantly more over
time; the least squares mean difference demonstrated an 7.3-
point (95% confidence interval [CI] —10.2 to —4.5) decrease in
disability score between baseline and 365 days after surgery
for people with frailty, compared with a 0.8-point (95% CI —1.7
to 3.2) increase in disability score for people without frailty
using the CFS. The between-group difference in mean
disability score change from baseline to 1 yr after surgery was
significant (8.1-point decrease for people with frailty
compared with without, P<0.0001). Results of the log-
transformed and categorical frailty analyses were consistent

50 -o- Frailty
© 40- -o- No Frailty
o
830_
£
8 20-
©
]
Q 10+
o-
| B S R S B B B B B B .
01234567 8 9101112

Months after surgery

Fig 2. Least squares mean disability scores at baseline, 1, 3, and
12 months after surgery for people with and without frailty.
Least squares mean values are adjusted for surgery type.

and are presented in Supplementary Table S4. There was no
evidence of effect modification by surgery type (P-value for
interaction=0.62). A heat map of average WHODAS domain
severity over time by frailty status is provided in Figure 3. The
post hoc analysis with additional covariate adjustment
demonstrated minimal change in the between-group differ-
ence at 1 yr (8.0-point decrease for people with frailty
compared with without, P<0.0001).

Association of death or new disability 1 yr after
surgery with frailty

At 1 year follow-up, 51 (17.6%) people with frailty had died or
were experiencing a new or clinically significantly higher
disability (13 dead, 38 disabled), compared with 74 (18.6%) (19
dead, 65 disabled) people without frailty (unadjusted risk ratio
0.94, 95% CI 0.68—1.30; P=0.71). After adjustment for surgery
type, having frailty on the CFS before surgery was not signifi-
cantly associated with increased risk of death or disability
(adjusted risk ratio 1.16, 95% CI 0.84—1.48; P=0.33).

Exploratory group-based trajectory models

A four-group trajectory model was found to be most consistent
with our data and was considered clinically appropriate
(Fig. 4). Model fit statistics are provided in Supplementary
Table S5 and demonstrated excellent fit (probability of
assigned membership >0.9 for all groups). Among people with
frailty based on the CFS, two groups (which represented 95% of
participants) had a decrease in disability from baseline to 1 yr
(steady decrease trajectory and decrease after acute increase
trajectory), however, more than one-third of patients experi-
enced an early increase in disability after surgery before
regaining a positive recovery trajectory. Two small groups
experienced an increase in disability (steady increase trajec-
tory and increase after initial recovery trajectory).

Discussion

We found that people with frailty had significantly greater
disability at baseline than people without frailty, but that they
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WHODAS Domain Frailty status

Present

Domain question

Learning

i Absent
Cognition
Concentrating Present
Absent
. Present
o Atansing Absent
Mobility
Walking Present
Absent
. Present
Washing Absent
Self-care
Dressing Present
Absent
Dealing with people Present
Getting along Absent
Maintaining Present
friendship Absent
Present
Day to day work
Life activities Y Y Lo
Household Present
responsibilities Absent
Community Present
Participation activities Absent
Emotional impact Rresent
Absent
Legend
Level of disability None

Baseline

1 month 3 months 12 months

Mild Severe Extreme

Moderate

Fig 3. WHO Disability Assessment Score domain severity over time, by frailty status (according to the Clinical Frailty Scale). This figure
plots the severity in each domain and item using a heat map (see Legend, inset).

experienced a significantly greater improvement in their
disability scores over the year after elective noncardiac sur-
gery. However, the presence of frailty was associated with a
challenging recovery trajectory after surgery for one-third of
patients. These novel, patient-reported outcome data provide
important insights for older people considering surgery and
the clinicians who care for them.

Two to three hundred million surgical procedures occur
globally each year,?® mostly in older adults.?’-?® Approximately
30%—40% of older surgical patients live with frailty.>'° Given
the well-established association between frailty and risk of
early morbidity and mortality, an understandable degree of
caution exists when discussing surgery with older people

100+
90 -

living with frailty, or in decision-making on the part of older
people with frailty, their families, and clinicians.?®*° To date,
however, the literature lacks studies that provide longitudinal
patient-reported outcome data after common noncardiac
surgeries. These data are of particular importance to older
people with frailty because this population typically places a
high value on functional outcomes and because the indication
for surgery may be a primary contributor to the presence of
frailty.>® In other words, longitudinal patient-reported
outcome data that capture key elements of day to day func-
tion are needed to help inform whether the risks of early
adverse outcomes may be balanced by the potential of longer-
term benefit from surgery.

Increase after initial recovery-2.4%
Steady increase-1.7%

<.

80
704
60+
50
40
30+

Disability Score

Decrease after acute increase-37.1%

—o—
~o-
-
—®— Steady decrease-58.9%

=

20+
104
0-

T T 1T T T T T T 1T
01 2 3 45 67 89

Month

T T 1
10 11 12

Fig 4. Group-based disability trajectories over the first postoperative year for people with frailty based on the Clinical Frailty Scale. Each
trajectory group is based on the best fitting group-based trajectory model based on the lowest Akaike Information Criterion value; the
percent of the cohort with frailty assigned to each group is provided in the trajectory description.
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The current study begins to address the knowledge gap
related to postoperative recovery trajectories in older people
with and without frailty. As expected, people with frailty had
higher disability scores before surgery (frailty and disability
are distinct, but related concepts®’) and, as shown in our
previous work, had a 2.5-fold increase in their odds of
experiencing a new or clinically significantly worsened
disability within 3 months of their operation.” However, by
12 months after surgery, people with frailty (regardless of the
instrument used to measure it) had experienced a larger
decrease in disability, on average, than people without
frailty. Importantly, for those whose frailty was identified
using the CFS, the decrease in disability may be consistent
with a clinically important improvement (eight points,’® and
as low as five points in surgical patients'®). Additionally,
there was no evidence that this effect differed significantly
by the type of surgery. In contrast, older people without
frailty did not experience a significant change in disability
from baseline to 1 yr after surgery. This suggests that among
older people with frailty who are undergoing noncardiac
surgery, if the early perioperative period can be safely navi-
gated, there may be meaningful benefit to gain from under-
going intermediate to high risk elective surgery. These
findings also support statements from international frailty
experts that frailty status should not be used as a barrier to
providing care.'?*

The finding that older surgical patients with frailty may
stand to benefit from their procedure to a greater extent than
those without frailty across a variety of noncardiac surgeries
stands in contrast to a large body of literature demonstrating
increased risk of early adverse events for people with
frailty® 7>* 3¢ and requires consideration. First, people with
frailty had higher levels of baseline disability than those
without frailty; this may provide greater opportunity to
improve over time. Second, when exploring distinct disability
trajectories, we found that more than one-third of patients
who eventually experienced a decrease in disability had a
substantial increase in disability in the early postoperative
period. This likely reflects the impact of acute surgical stress,
the related four-fold increase in the odds of postoperative
complications associated with frailty,>” and loss of lower limb
function that occurs with immobility in a catabolic post-
operative state. However, our findings do suggest that many
people with mild to moderate frailty (e.g. CFS 4—5) may have
adequate resiliency to tolerate the stress of surgery, and
potentially negotiate early adverse events, allowing them to
experience a net decrease in disability 1 yr after surgery,
although it should be stated that even with this decrease
overall disability levels continue to be higher in people with
frailty.

It must also be recognised, however, that small groups of
people with frailty did experience a progressive increase in
disability or die in the year after surgery. This suggests that
future research to develop predictive models identifying such
individuals before surgery is needed to differentiate those with
frailty who are likely to have a positive postoperative disability
trajectory vs those who are more likely to die or suffer a long-
standing increase in disability. Identification of those likely to
experience intermediate increases in disability could also help
with care planning and health system optimisation strategies.
Although our study was not designed or adequately powered
to develop such models, these tools could inform the consent
process and application of shared decision-making before

surgery.

Strengths and limitations

As a prospective cohort study, we were able to obtain vali-
dated exposure and outcome measures by trained and blin-
ded assessors, helping to reduce the risk of misclassification
bias. Using data from three separate hospitals provides
greater likelihood of generalisability than a single centre,
however, all centres were in the same jurisdiction, therefore
external verification should be pursued. Although the CFS
and FP are two widely used instruments, we did not test the
association of other frailty instruments (e.g. Edmonton Frail
Scale, Frailty Index) with outcome; different underlying
constructs between frailty instruments could lead to
differing disability trajectories given the multiple domains
captured by the WHODAS scale. All participants were
selected to undergo surgery; therefore, our findings cannot
be translated to individuals who may not be considered
appropriate candidates for elective surgery. Furthermore, our
data cannot be inferred as causal; randomisation would be
required to test the causal association between surgery and
significant decreases in disability in older people with frailty
after surgery. We did not have data on need for nursing
home or homecare supports at 1 year, therefore, the impact
of disability on the health system was not measurable.
Finally, our rates of death or new disability at follow-up were
lower than anticipated based on early follow-up data, which
could have left our study underpowered for the death or new
disability outcome and precludes us from performing
mortality-specific analyses.

Conclusions

In a multicentre prospective cohort study, we found that older
people with frailty before elective noncardiac surgery were
more likely to experience a significant decrease in disability in
the first postoperative year than people without frailty. Sur-
gical decision-making and informed consent with older sur-
gical patients should include frailty assessment and
discussion of higher short-term risks in the context of poten-
tial long-term benefits. Future research is needed to develop
accurate tools to predict whether older surgical patients with
frailty are likely to experience a decreasing or increasing
postoperative disability trajectory, which should support care
planning and shared decision-making.

Authors’ contributions

Contributed to conception, design, data acquisition, interpre-
tation and revised and approved the final manuscript: all
authors

Contributed to analysis, drafted the final manuscript: DIM, AJF,
CVW

Guarantor: DIM

Declarations of interest

PEB reports personal fees from Corin, personal fees from
MicroPort, personal fees from Zimmer Biomet, personal fees
from Medacta, personal fees from MatOrtho, grants from
Zimmer Biomet, outside the submitted work. LTL reports
grants and personal fees from Sanofi, personal fees from Fer-
ring, outside the submitted work. The remaining authors
declare that they have no conflicts of interest.



710 | Mclsaac et al.

Funding

The Canadian Frailty Network and The Ottawa Hospital Aca-
demic Medical Organization through peer-reviewed grants.
Funders played no role in design, execution or reporting. DIM
was supported by the Canadian Anesthesiologist’s Society
Career Scientist Award, the University of Ottawa’s Junior
Clinical Research Chair Award and salary support from The
Ottawa Hospital Anesthesiology Alternate Funds Association.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.bja.2020.07.003.

References

1.

10.

11.

12.

13.

14.

Rockwood K, Song X, MacKnight C, et al. A global clinical
measure of fitness and frailty in elderly people. CMAJ
2005; 173: 489-95

. Fried LP, Tangen CM, Walston J, et al. Frailty in older

adults: evidence for a phenotype. ] Gerontol Med Sci 2001,
56: 14657

. Watt ], Tricco AC, Talbot-Hamon C, et al. Identifying older

adults at risk of delirium following elective surgery: a
systematic review and meta-analysis. ] Gen Intern Med
2018; 33: 500—9

. Watt ], Tricco AC, Talbot-Hamon C, et al. Identifying older

adults at risk of harm following elective surgery: a sys-
tematic review and meta-analysis. BMC Med 2018; 16: 2

. MclIsaac DI, Taljaard M, Bryson GL, et al. Frailty as a pre-

dictor of death or new disability after surgery: a pro-
spective cohort study. Ann Surg 2020; 271: 283—9

. Kim DH, Kim CA, Placide S, Lipsitz LA, Marcantonio ER.

Preoperative frailty assessment and outcomes at 6
months or later in older adults undergoing cardiac surgi-
cal procedures. Ann Intern Med 2016; 165: 650—60

. Lin H-S, Watts JN, Peel NM, Hubbard RE. Frailty and post-

operative outcomes in older surgical patients: a system-
atic review. BMC Geriatr 2016; 16: 157

. Mclsaac DI, Bryson GL, Van Walraven C. Association of

frailty and 1-year postoperative mortality following major
elective noncardiac surgery: a population-based cohort
study. JAMA Surg 2016; 151: 538—45

. McIsaac DI, Moloo H, Bryson GL, Van Walraven C. The

association of frailty with outcomes and resource use af-
ter emergency general surgery: a population-based cohort
study. Anesth Analg 2017; 124: 1653—61

Mclsaac DI, Wong CA, Huang A, Moloo H, van Walraven C.
Derivation and validation of a generalizable preoperative
frailty Index using population-based health administra-
tive data. Ann Surg 2019; 270: 102—8

Kim DH, Afilalo J, Shi SM, et al. Evaluation of changes in
functional status in the year after aortic valve replace-
ment. JAMA Intern Med 2019; 2120: 1-9

Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G,
Fried LP. Frailty: implications for clinical practice and
public health. Lancet 2019; 394: 1365—75

Fried LP, Tangen CM, Walston J, et al. Frailty in older
adults: evidence for a phenotype. ] Gerontol A Biol Sci Med
Sci 2001; 56: M146—56

Mclsaac DI, Taljaard M, Bryson GL, et al. Comparative
assessment of two frailty instruments for risk-
stratification in elderly surgical patients: study protocol

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

for a prospective cohort study. BMC Anesthesiol 2016; 16:
111

von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC,
Vandenbroucke JP. Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) state-
ment: guidelines for reporting observational studies. BMJ
2007; 335: 806—8

Ustiin TB, Kostanjsek N, Chatterji S, Rehm J, editors.
Measuring health and disability WHODAS 2.0. World Health
Organization; 2010

Shulman MA, Myles PS, Chan MT, Mcllroy DR, Wallace S,
Ponsford J. Measurement of disability-free survival after
surgery. Anesthesiology 2015; 122: 524—36

Shulman MA, Kasza ], Myles PS. Defining the minimal
clinically important difference and patient-acceptable
symptom state score for disability assessment in surgi-
cal patients. Anesthesiology 2020; 132: 1362—70

Andrews G, Kemp A, Sunderland M, von Korff M,
Ustun TB. Normative data for the 12 item WHO disability
assessment schedule 2.0. PLoS One 2009; 4: 1—6

Austin PC. Using the standardized difference to compare
the prevalence of a binary variable between two groups in
observational research. Commun Stat Simul Comput 2009;
38: 1228-34

Tukey JW. Comparing individual means in the analysis of
variance. Biometrics 1949; 5: 99

Zou G. A modified Poisson regression approach to pro-
spective studies with binary data. Am J Epidemiol 2004; 159:
702—6

Nagin DS, Odgers CL. Group-based trajectory modeling in
clinical research. Annu Rev Clin Psychol 2010; 6: 109—38
Nagin DS, Jones BL, Passos VL, Tremblay RE. Group-based
multi-trajectory modeling. Stat Methods Med Res 2018; 27:
2015-23

Nagin D. Group-based modeling of development. Cambridge,
MA: Harvard University Press; 2005

Shrime MG, Bickler SW, Alkire BC, Mock C. Global burden
of surgical disease: an estimation from the provider
perspective. Lancet Glob Heal 2015; 3(Suppl 2): S8—9
Etzioni DA, Liu JH, Maggard MA, Ko CY. The aging popu-
lation and its impact on the surgery workforce. Ann Surg
2003; 238: 170—7

Fowler AJ, Abbott TEF, Prowle ], Pearse RM. Age of patients
undergoing surgery. Br J Surg 2019; 106: 1012—8

Tang VL, Covinsky K. Frailty and surgical decision making.
Ann Intern Med 2016; 165: 669

Robinson TN, Walston JD, Brummel NE, et al. Frailty for
surgeons: review of a national Institute on aging confer-
ence on frailty for specialists. ] Am Coll Surg 2015; 221:
1083—-92

Fried TR, Bradley EH, Towle VR, Allore H. Understanding
the treatment preferences of seriously ill patients. N Engl ]
Med 2002; 346: 1061—6

Fried LP, Ferruci L, Darer J, Williamson J, Anderson G.
Untangling the concepts of disability, frailty and
comorbidity: implications for improved targeting and
care. ] Gerontol A Biol Sci Med Sci 2004; 59: M255—63

Dent E, Martin FC, Bergman H, Woo J, Romero-Ortuno R,
Walston JD. Management of frailty: opportunities,
challenges, and future directions. Lancet 2019; 394:
1376—86

Makary MA, Segev DL, Pronovost PJ, et al. Frailty as a
predictor of surgical outcomes in older patients. ] Am Coll
Surg 2010; 210: 9018


https://doi.org/10.1016/j.bja.2020.07.003
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref1
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref1
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref1
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref1
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref2
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref2
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref2
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref2
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref3
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref3
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref3
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref3
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref3
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref4
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref4
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref4
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref5
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref5
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref5
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref5
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref6
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref6
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref6
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref6
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref6
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref7
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref7
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref7
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref8
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref8
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref8
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref8
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref8
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref9
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref9
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref9
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref9
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref9
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref10
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref10
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref10
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref10
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref10
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref11
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref11
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref11
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref11
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref12
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref12
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref12
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref12
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref13
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref13
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref13
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref13
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref14
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref14
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref14
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref14
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref14
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref15
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref15
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref15
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref15
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref15
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref15
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref16
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref16
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref16
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref17
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref17
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref17
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref17
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref18
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref18
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref18
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref18
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref18
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref19
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref19
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref19
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref19
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref20
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref20
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref20
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref20
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref20
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref21
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref21
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref22
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref22
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref22
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref22
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref23
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref23
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref23
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref24
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref24
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref24
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref24
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref25
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref25
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref26
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref26
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref26
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref26
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref27
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref27
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref27
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref27
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref28
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref28
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref28
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref29
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref29
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref30
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref30
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref30
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref30
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref30
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref31
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref31
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref31
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref31
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref32
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref32
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref32
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref32
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref32
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref33
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref33
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref33
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref33
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref33
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref34
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref34
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref34
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref34

Frailty and disability trajectories after surgery | 711

35.

36.

Robinson TN, Wallace JI, Wu DS, et al. Accumulated frailty
characteristics predict postoperative discharge institu-
tionalization in the geriatric patient. ] Am Coll Surg 2011;
213: 3742

Dasgupta M, Rolfson DB, Stolee P, Borrie MJ, Speechley M.
Frailty is associated with postoperative complications in

older adults with medical problems. Arch Gerontol Geriatr
2009; 48: 78—83

37. Watt ], Tricco AC, Talbot-Hamon C, et al. Identifying older
adults at risk of harm following elective surgery: a sys-
tematic review and meta-analysis. BMC Med 2018; 16(2)

Handling editor: Paul Myles


http://refhub.elsevier.com/S0007-0912(20)30553-5/sref35
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref35
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref35
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref35
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref35
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref36
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref36
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref36
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref36
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref36
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref37
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref37
http://refhub.elsevier.com/S0007-0912(20)30553-5/sref37

	Frailty and long-term postoperative disability trajectories: a prospective multicentre cohort study
	Methods
	Design and study setting
	Study population, inclusion, and exclusion criteria
	Exposures
	Outcomes
	Editor's key points
	Results
	Association of frailty with disability scores over time
	Association of death or new disability 1 yr after surgery with frailty
	Exploratory group-based trajectory models

	Discussion
	Strengths and limitations

	Conclusions
	Authors' contributions
	Declarations of interest
	Funding
	Appendix A. Supplementary data
	References




