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Abstract

Background: Preoperative cognitive dysfunction has been associated with adverse postoperative outcomes. There are

limited data characterising the epidemiology of preoperative cognitive dysfunction in older surgical patients.

Methods: This retrospective cohort included all patients �65 yr old seen at the Washington University preoperative clinic

between January 2013 and June 2018. Cognitive screening was performed using the Short-Blessed Test (SBT) and Eight-

Item Interview to Differentiate Aging and Dementia (AD8) screen. The primary outcome of abnormal cognitive screening

was defined as SBT score �5 or AD8 score �2. Multivariable logistic regression was used to identify associated factors.

Results: Overall, 21 666 patients �65 yr old completed screening during the study period; 23.5% (n¼5099) of cognitive

screens were abnormal. Abnormal cognitive screening was associated with increasing age, decreasing BMI, male sex,

non-Caucasian race, decreased functional independence, and decreased metabolic functional capacity. Patients with a

history of stroke or transient ischaemic attack, chronic obstructive pulmonary disease, diabetes mellitus, hepatic

cirrhosis, and heavy alcohol use were also more likely to have an abnormal cognitive screen. Predictive modelling

showed no combination of patient factors was able to reliably identify patients who had a <10% probability of abnormal

cognitive screening.

Conclusions: Routine preoperative cognitive screening of unselected aged surgical patients often revealed deficits

consistent with cognitive impairment or dementia. Such deficits were associated with increased age, decreased function,

decreased BMI, and several common medical comorbidities. Further research is necessary to characterise the clinical

implications of preoperative cognitive dysfunction and identify interventions that may reduce related postoperative

complications.

Keywords: cognitive screening; dementia screening; geriatric surgery; neurocognitive dysfunction; perioperative medi-

cine; preoperative assessment
Editor’s key points

� A retrospective analysis of a cohort of patients �65 yr

old who underwent preoperative cognitive screening at

a large US centre using the Short-Blessed Test and Eight

Item Interview to Differentiate Aging and Dementia

screen was performed.

� Of 21 666 patients who completed screening, 23.5% had

abnormal cognitive screens, which were associated
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with increasing age, decreasing BMI, male sex, non-

Caucasian race, decreased functional independence,

and decreased functional capacity.

� No combination of patient factors was able to identify

patients unlikely to have abnormal cognitive screening.

� Analysis of this large cohort shows that abnormal

preoperative cognitive screening is common in older

patients presenting for elective surgery, and might

provide a signal for interventions to improve outcome.
rved.
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Preoperative cognitive dysfunction has been associated with

adverse postoperative outcomes in several surgical pop-

ulations.1e4 Reliable preoperative identification of patients

with cognitive dysfunction could be utilised for risk stratifi-

cation and to implement targeted interventions to mitigate

related risks. In the general population, ~10% of individuals

older than 65 yr have clinical dementia,5 with an additional

10e20% having some degree of mild cognitive impairment.6,7

However, the prevalence of cognitive dysfunction in preoper-

ative populations of different age and comorbidity burdens

has not been well characterised. An improved epidemiological

understanding of this would facilitate efficient preoperative

screening in large surgical populations.

We aimed to describe the epidemiology of abnormal pre-

operative cognition in a large cohort of aged surgical patients

at a tertiary academic medical centre in the USA, as defined by

the Short-Blessed Test (SBT) and Eight-Item Interview to

Differentiate Aging and Dementia (AD8) screening tests.8,9

Routine cognitive screening of aged surgical patients was

implemented at our institution in 2012 as part of a broader

preoperative screening programme designed to better inform

surgical decision-making in geriatric patients, as outlined in

the National Surgical Quality Improvement Program and the

American Geriatrics Society best practice guidelines for geri-

atric preoperative assessment.10 These two tests were selected

to provide efficient objective and subjective assessment of

cognitive dysfunction. The SBT is an objective screening test

focused on memory, orientation, and concentration. It con-

sists of six questions with standardised scoring, where a score

of 5e9 suggests questionable cognitive impairment and a

score �10 suggests cognitive impairment consistent with de-

mentia. The AD8 is a brief subjective screening test for de-

mentia that consists of eight questions and is focused on

identifying a change in cognitive function. An AD8 score �2

suggests that cognitive impairment is likely to be present. Both

screening tests have been validated in the outpatient geriatric

population and the emergency department as effective

screening tools to identify cognitive dysfunction.8,9,11e13
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Fig 1. Predicted probability of abnormal cognitive screen by age (a) an

each age or body mass index within the screened population.
We also aimed to evaluate associations between positive

SBT or AD8 screening results, age, coexisting disease, and

other patient factors. The objective of this analysis was to

characterise the overall burden of abnormal cognitive

screening in aged surgical patients and to identify sub-

populations with a higher prevalence of deficits to facilitate

targeting of screening programmes and risk mitigation efforts.
Methods

This study was approved by the Institutional Review Board at

Washington University in St. Louis, St. Louis, MO, USA (IRB ID#

201909163). This manuscript was written in accordance with

the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) guidelines.14 Authorship was deter-

mined using the International Committee of Medical Journal

Editors (ICMJE) definition of authorship.
Study design and patient population

This retrospective observational cohort study included all

preoperative assessments performed before elective surgery

on patients �65 yr of age at the Barnes-Jewish Hospital Center

for Preoperative Assessment and Planning (Barnes-Jewish

Hospital, St. Louis, MO, USA) between January 2013 and June

2018. Patients with complete results for both the SBT and AD8

tests were included in the demographic analysis, multivari-

able analysis, and a predictive model for abnormal preopera-

tive cognitive screening. To assess potential bias in screening

administration, patients without complete results for both the

SBT and AD8 tests were then included in an analysis where

they were compared with those patients with complete SBT

and AD8 results. For patients who had multiple screenings

over the study period, only the first screening was included in

the analysis to exclude a possible practice effect. The primary

outcome was abnormal cognitive screening as defined by SBT

score �5 or AD8 score �2.
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Data collection

Patients presenting for preoperative evaluation at our preop-

erative clinic who are �65 yr of age undergo cognitive

screening with the SBT and AD8 instruments administered by

a registered nurse. The SBT is administered directly to the

patient, and the AD8 is administered preferentially to the pa-

tient’s cohabitant or caregiver, although it is acceptable to

administer the AD8 directly to the patient if no caregiver is

present at the time of assessment.15 Nurses in the preopera-

tive assessment clinic receive training in the proper adminis-

tration of these screening tests.
Variable categorisation

SBT and AD8 results were categorised as above. Barthel index

scores were categorised as normal (100), impaired (<100), or
missing. History of cerebrovascular accident, stroke, transient

ischaemic attack (TIA), and current cerebrovascular disease

were combined into a single variable. Because of the low

prevalence of non-White non-Black racial categories, race was

categorised asWhite, Black, other, ormissing. BMI>60 and <12
kg m�2 were treated as typographic or unit errors and were

replaced by the sample median. BMI (in kg m�2) was cat-

egorised as underweight (<18.5), normal weight (18.5e24.9),

overweight (25e29.9), class 1 obesity (30e34.9), class 2 obesity

(35e39.9), and class 3 obesity (�40). Because of low rates of

missingness for all other variables (<0.5%), row-wise deletion

was used for other missing data.
Table 1 Comparison of patients who completed cognitive screening
(OR) reported from multivariable regression for missingness. OR for
COPD, chronic obstructive pulmonary disease; METs, metabolic equ

Total group (n¼30
388)

Scree
666)

Age, mean, yr (SD) 73.3 (6.40) 73.4 (
Male sex, n (%) 14 390 (47.4) 10 200
Race, n (%)
White 28 499 (75.0) 19 109
Black 22 878 (75.3) 16 254
Other 1928 (6.3) 1268 (
Missing 3653 (12.0) 2767 (

BMI, kg m�2, n (%)
14e18.5 423 (1.4) 270 (1
18.5e25 7131 (23.5) 5028 (
25e30 10 797 (35.5) 7686 (
30e35 6991 (23.0) 5074 (
35e40 3161 (10.4) 2306 (
40e61 1827 (6.0) 1267 (

Barthel index <100, n (%) 6612 (21.8) 5498 (
Missing, n (%) 4375 (14.4) 638 (2

Functional capacity <4 METS, n (%) 13 503 (44.4) 9662 (
History of stroke or TIA, n (%) 4280 (14.1) 3054 (
Coronary artery disease, n (%) 7169 (23.6) 5195 (
Congestive heart failure, n (%) 3152 (10.4) 2273 (
Atrial fibrillation or flutter history, n
(%)

4512 (14.8) 3225 (

COPD, n (%) 3653 (12.0) 2652 (
Asthma, n (%) 2917 (9.6) 2078 (
Peripheral vascular disease, n (%) 1450 (4.8) 1063 (
Diabetes mellitus, n (%) 7967 (26.2) 5708 (
Current cancer, n (%) 5647 (18.6) 4030 (
History of heavy alcohol use, n (%) 2061 (6.8) 1461 (
Hepatic cirrhosis, n (%) 364 (1.2) 277 (1
Dialysis, n (%) 517 (1.7) 360 (1
Statistical analysis

In the group of patients with complete AD8 and SBT screen

results, logistic regression was performed where a positive

outcome was defined as either measure being abnormal.

Because of the large sample size, all predictors were entered

simultaneously. BMI and age were the only quantitative pre-

dictors, and were modelled by b-splines with 9 degrees of

freedom. On examination of partial dependence plots, these

terms were both roughly linear and the model was simplified

to linear terms for presentation (Fig. 1).

A second logistic regression was constructed for all pa-

tients �65 yr of age who underwent preoperative assessment

during the study periodwith the outcome ofmissing either the

AD8 or SBT screening tests. The predictors were identical,

again using linear terms for age and BMI. Confidence intervals

and P-values were calculated using Wald’s methods with an

alpha of 0.05. Firth’s correction was used to examine for sep-

aration, but this was not found to make a noticeable differ-

ence.16 All calculations were performed in R 3.5.2 (R

Foundation for Statistical Computing, Vienna, Austria).

As a secondary goal, we sought to develop a predictive

model of abnormal cognitive screening using demographic

and comorbidity variables, which could be used to identify

patient populations unlikely to be screen positive. We fit non-

parametric models using gradient boosted decision trees

(xgboost package) and Bayesian additive regression trees

(BART package).13,17 Hyper-parameters for gradient boosting

were selected by 5-fold cross validation. Default parameters
with those who had an incomplete or absent screen. Odds ratio
age is presented for each 10 yr increase. CI, confidence interval;
ivalents; SD, standard deviation; TIA, transient ischaemic attack.

n present (n¼21 Screen absent
(n¼8722)

OR missing (95%
CI)

6.30) 72.8 (6.63) 0.78 (0.74e0.82)
(47.1) 4190 (48.0) 1.09 (1.02e1.16)

(75.0) 9390 (74.9) Reference
(75.0) 6624 (75.9) 0.95 (0.84e1.07)

5.9) 660 (7.6) 1.43 (1.28e1.61)
12.8) 886 (10.2) 1.05 (0.96e1.15)

.2) 153 (1.8) 1.34 (1.06e1.71)
23.2) 2103 (24.1) Reference
35.5) 3111 (35.7) 0.91 (0.84e0.98)
23.4) 1917 (22.0) 0.87 (0.79e0.94)
10.6) 855 (9.8) 0.80 (0.71e0.89)
5.8) 560 (6.4) 0.93 (0.81e1.06)
25.4) 1114 (12.8) 0.83 (0.77e0.90)
.9) 3737 (42.8) 24.15 (22.02e26.49)
44.6) 3841 (44.0) 1.11 (1.04e1.19)
14.1) 1226 (14.1) 1.03 (0.95e1.13)
24.0) 1974 (22.6) 0.94 (0.87e1.01)
10.5) 879 (10.1) 1.01 (0.91e1.13)
14.9) 1287 (14.8) 1.04 (0.95e1.13)

12.2) 1001 (11.5) 0.90 (0.82e1.00)
9.6) 839 (9.6) 0.97 (0.87e1.07)
4.9) 387 (4.4) 0.87 (0.75e1.01)
26.3) 2259 (25.9) 0.97 (0.90e1.04)
18.6) 1617 (18.5) 0.95 (0.88e1.03)
6.7) 600 (6.9) 1.08 (0.96e1.21)
.3) 87 (1.0) 0.67 (0.50e0.90)
.7) 157 (1.8) 0.96 (0.76e1.21)



Table 2 Patient characteristics, comorbidities, and preoperative cognitive screening results in screened patients. Abnormal patients
had a Short-Blessed Test (SBT) score �5 or an Eight Item Interview to Differentiate Aging and Dementia (AD8) score �2. COPD, chronic
obstructive pulmonary disease; METs, metabolic equivalents; SD, standard deviation; TIA, transient ischaemic attack.

Total group (n¼21 666) Normal (n¼16 567; 76.5%) Abnormal (n¼5099; 23.5%)

Age, mean, yr (SD) 73.4 (6.30) 72.8 (5.94) 75.5 (6.94)
Male sex, n (%) 10 200 (47.1) 7667 (46.3) 2533 (49.7)
Race, n (%)
White 16 254 (75.0) 12 853 (77.6) 3401 (66.7)
Black 1377 (6.4) 858 (5.2) 519 (10.2)
Other 1268 (5.9) 790 (4.8) 478 (9.4)
Missing 2767 (12.8) 2066 (12.5) 701 (13.7)

BMI, kg m�2, n (%)
14e18.5 270 (1.2) 179 (1.1) 91 (1.8)
18.5e25 5028 (23.2) 3708 (22.4) 1320 (25.9)
25e30 7686 (35.5) 5924 (35.8) 1762 (34.6)
30e35 5074 (23.4) 3947 (23.8) 1127 (22.1)
35e40 2306 (10.6) 1809 (10.9) 497 (9.7)
40e61 1267 (5.8) 975 (5.9) 292 (5.7)
Missing 35 (0.2) 25 (0.2) 10 (0.2)

Barthel index <100, n (%) 5498 (25.4) 3521 (21.3) 1977 (38.8)
Missing 638 (2.9) 477 (2.9) 161 (3.2)

Functional capacity <4 METS, n (%) 9662 (44.6) 6597 (39.8) 3065 (60.1)
History of stroke or TIA, n (%) 3054 (14.1) 1961 (11.8) 1092 (21.4)
Coronary artery disease, n (%) 5195 (24.0) 3667 (22.1) 1528 (30.0)
Congestive heart failure, n (%) 2273 (10.5) 1548 (9.3) 725 (14.2)
Atrial fibrillation or flutter history, n (%) 3225 (14.9) 2320 (14.0) 905 (17.7)
COPD, n (%) 2652 (12.2) 1758 (10.6) 894 (17.5)
Asthma, n (%) 2078 (9.6) 1595 (9.6) 483 (9.5)
Peripheral vascular disease, n (%) 1063 (4.9) 707 (4.3) 356 (7.0)
Diabetes mellitus, n (%) 5708 (26.3) 4070 (24.6) 1638 (32.1)
Current cancer, n (%) 4030 (18.6) 3066 (18.5) 964 (18.9)
History of heavy alcohol use, n (%) 1461 (6.7) 1063 (6.4) 398 (7.8)
Hepatic cirrhosis, n (%) 277 (1.3) 185 (1.1) 92 (1.8)
Dialysis, n (%) 360 (1.7) 219 (1.3) 141 (2.8)
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were used for BART (k¼2, splitting¼0.95, 50 trees). Our

threshold for ‘low baseline probability’ was 10%.

As noted above, we used only the first completed screening

in our analysis. In comparisons of screened vs unscreened

patients, we used the first screened visit (if one existed) or the

first visit (if no visits were screened). Because this introduces a

bias towards earlier visits in the screened group, we conducted

sensitivity analyses sampling a single observation from each

patient (a) at random, (b) first chronologically regardless of

screening status, (c) last chronologically regardless of

screening status, and (d) including all screening data

(Supplementary Table S1).
Results

Data included 30 388 unique patients �65 yr old who under-

went preoperative assessment during the study period, of

which 21 666 patients completed the SBT and AD8 screening

and were included in the demographic, predictive model, and

primary multivariable analyses. Descriptive statistics for the

screened and unscreened (incomplete or absent AD8 or SBT)

populations are shown in Table 1.

The overall prevalence of abnormal cognitive screening

among patients with a complete SBT and AD8 screen was

23.5% (n¼5099; Table 2). Of these, 4.6% (n¼995) had positive

results on both screening tests, 4.9% (n¼1068) had an isolated

abnormal AD8, and 13.9% (n¼3036) had an isolated abnormal

SBT (Table 3). When comparing the prevalence before sur-

geries carried out by surgical specialties, abnormal preopera-

tive cognitive screening was most common in patients
undergoing vascular surgery (33%) and neurosurgery (28%); it

was least common in patients undergoing orthopaedic (19%),

gynaecologic (20%), and plastic surgery (20%) procedures

(Table 4).

Multivariable analysis identified the strongest predictors of

abnormal preoperative cognitive screening as non-Caucasian

race (Black race: odds ratio [OR]¼2.33; 95% confidence inter-

val [CI], 2.06e2.64; P<0.0001; other race: OR¼2.26; 95% CI,

1.99e2.57; P<0.001), impaired functional independence (Bar-

thel index <100; OR¼1.85; 95% CI, 1.72e2.00; P<0.0001) and <4
METs (metabolic equivalents) functional capacity (OR¼1.57;

95% CI, 1.46e1.70; P<0.0001). Low BMI and older age (OR¼1.70

per 10 yr increase; 95% CI, 1.61e1.79; P<0.0001) were also

strongly associated with abnormal cognitive screening (Fig. 1).

Patients with a history of stroke or TIA, chronic obstructive

pulmonary disease, diabetes mellitus, prior heavy alcohol use,

or hepatic cirrhosis were all at increased risk for abnormal

cognitive screening. ORs for the multivariable analysis are

shown in Table 5. Auto-correlation sensitivity analyses

(Supplementary Table S2) showed minimal differences when

using alternative sampling methods.

The predictive models fit by gradient boosting and BART

identified a small fraction of patients with pre-screening

probabilities <10% (2985/21 666 for the gradient boosting

model and 2701/21 666 for the BART model). The BART model

identified 1197/21 666 (5.5%) of patients as low risk with high

confidence (posterior probability of risk >0.1 less than 5%).

There were no highly sensitive predictors of low risk which

ruled out patients from needing screening. Thesemodels were

well approximated by a combination of age <75 yr, normal



Table 3 Cognitive screening results by individual screening
test in screened patients. An Eight-Item Interview to Differ-
entiate Aging and Dementia (AD8) score �2 is considered
abnormal. A Short-Blessed Test (SBT) score of 5e9 suggests
questionable cognitive impairment, and a score �10 suggests
cognitive impairment consistent with dementia. Results re-
ported as number (% of total screened group).

SBT <4 SBT 5e9 SBT ≥10

AD8 0e1 16 567 (76.5) 2294 (10.5) 742 (3.4)
AD8 �2 1068 (4.9) 466 (2.2) 529 (2.4)
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functional capacity, normal Barthel index, lack of a history of

heavy drinking, and absence of comorbidities (coronary artery

disease, congestive heart failure, chronic obstructive pulmo-

nary disease, cerebrovascular accident, peripheral artery dis-

ease, cirrhosis) which cumulatively identified patients at the

lowest level of risk (388/3425 [11%] screened positive).
Discussion

Analysis of this large cohort shows that abnormal preopera-

tive cognitive screening is common in older patients present-

ing for elective surgery. In addition to providing large-scale

validation of prior work evaluating cognitive screening results

in smaller surgical populations,1,4,18e20 this study also pro-

vides evidence that routine cognitive screening of aged sur-

gical patients may be preferable to selective screening based

on underlying comorbidities or other characteristics.

The prevalence of abnormal cognitive screening in our

population is consistent with other recent findings in smaller,

more restricted surgical cohorts. Several prior studies have

utilised the Mini-Cog cognitive screen in both selected (by

frailty indicators or procedure) and unselected preoperative

patients. These trials reported an overall prevalence of

abnormal cognitive screening of 10e24%.1,4,20 A pilot
Table 4 Prevalence of abnormal preoperative cognitive
screens by surgical service. AD8, Eight Item Interview to
Differentiate Aging and Dementia; SBT, Short-Blessed Test.

Surgical service n AD8 ≥2
(%)

SBT ≥5
(%)

AD8 ≥2 or SBT
≥5 (%)

General 3261 9 19 24
Cardiothoracic
surgery

1587 10 20 25

Cardiology/
electrophysiology

939 12 20 26

Gynaecology 1269 7 16 20
Neurosurgery 1264 16 20 28
Ophthalmology 2624 10 22 27
Orthopaedic surgery 4762 8 14 19
Otolaryngology 1376 9 18 23
Plastic surgery 438 6 16 20
Transplant surgery 327 7 22 23
Urology 2043 9 20 24
Vascular surgery 964 13 28 33
Other 485 12 17 24
Missing surgical
service

327 12 21 27
implementation trial using a clock-drawing test scored using

Mini-Cog and the Montreal Cognitive Assessment scoring

paradigm21 and a three-word memory score also found an

overall abnormal screening rate of ~20%.18 In the ambulatory

setting, survey data utilising the Telephone Interview for

Cognitive Status showed a prevalence of 16.1%, with similar

associated comorbidities identified in the multivariable anal-

ysis.19 Although these trials all examined either small cohorts

or specific patient subpopulations, they were consistent in

identifying abnormal cognition as a common comorbidity

with a prevalence similar to that of diabetesmellitus, coronary

artery disease, and cancer in aged surgical patients.

We observed a linear relationship between increasing age

and incidence of abnormal cognitive screening, and an inverse

relationship between BMI and abnormal cognition. The rela-

tionship between age and abnormal cognitive screening has

been described in small surgical cohorts and in the non-

perioperative dementia literature, and this study provides

large-scale validation of this observation in a perioperative

population.1,22,23 Similarly, the inverse relationship between

BMI and abnormal cognition has been identified in the non-

perioperative dementia literature, though studies in surgical

patients are limited.24e28 Although this relationship is some-

what counterintuitive given the higher incidence of associated

comorbidities in patients with elevated BMI, we hypothesise

that the association between decreased BMI and abnormal

cognitive screening is part of a frailty phenotype (i.e.

decreased functional capacity, abnormal cognition, comor-

bidities, and malnutrition) in some aged surgical patients.29

There is evidence that the relationship between BMI and

cognition may vary depending on racial or ethnic background,

but we did not have adequate representation in our data to test

this hypothesis.25

The relationship between decreased cardiorespiratory

fitness and abnormal cognition has been described, but has

not been well characterised in the perioperative population. In

a previous investigation, low VO2max strongly correlated with

accelerated cognitive decline in a cohort of older adults.30

Although functional capacity was subjectively assessed in

this study, there was a strong relationship between decreased

functional capacity and abnormal cognitive screening in our

patient cohort. Patients with limited ability to carry out ac-

tivities of daily living, as assessed by the Barthel index, were

also much more likely to have an abnormal cognitive screen.

Although race was noted to be strongly associated with an

abnormal preoperative cognitive screen, the interpretation of

this finding is difficult given the absence of reliable education

and socioeconomic variables within our dataset. Notably,

differential performance between racial groups has been

described with a number of other cognitive assessment tools,

althoughwe are unaware of any studies specifically evaluating

the relationship between race and SBT or AD8 results.31,32

We observed limited correlation between the SBT and AD8

results. We hypothesise several reasons for this discrepancy.

Most importantly, the SBT and AD8 evaluate different do-

mains of cognition. Whereas the SBT is an objective test

focused on memory, orientation, and concentration, the AD8

is designed to identify subjective changes in function sec-

ondary to cognitive decline. As more complex dementia eval-

uation typically combines both objective measures of

abnormal cognition and evaluation of functional deficits, our

clinic elected to utilise a similar paradigm when building our

cognitive screening process.33 In addition, the SBT and AD8

both have a high sensitivity for dementia (>85% in most



Table 5 Multivariable analysis of factors associated with
abnormal preoperative cognitive screening in screened pa-
tients. Abnormal patients had a Short-Blessed Test (SBT) score
�5 or an Eight-Item Interview to Differentiate Aging and De-
mentia (AD8) score �2. CI, confidence interval; METs, meta-
bolic equivalents; TIA, transient ischaemic attack; COPD,
chronic obstructive pulmonary disease.

Variable Odds ratio (95% CI) P value

Age (per decade) 1.70 (1.61e1.79) <0.001
Male sex 1.39 (1.30e1.50) <0.001
Race
White Reference
Black 2.33 (2.06e2.64) <0.001
Other 2.26 (1.99e2.57) <0.001
Missing 1.32 (1.19e1.45) <0.001

BMI, kg m�2, n (%)
14e18.5 1.16 (0.88e1.54) 0.161
18.5e25 Reference
25e30 0.85 (0.78e0.93) <0.001
30e35 0.80 (0.73e0.89) <0.001
35e40 0.73 (0.64e0.83) <0.001
40e61 0.75 (0.64e0.88) <0.001

Barthel index <100 1.85 (1.72e2.00) <0.001
Missing 1.27 (1.05e1.54) 0.015

Functional capacity <4 METS 1.57 (1.46e1.70) <0.001
History of stroke or TIA 1.47 (1.34e1.61) <0.001
Coronary artery disease 1.07 (0.98e1.16) 0.124
Congestive heart failure 0.94 (0.84e1.05) 0.307
Atrial fibrillation or flutter 0.96 (0.87e1.06) 0.416
COPD 1.36 (1.24e1.50) <0.001
Asthma 0.95 (0.85e1.06) 0.372
Peripheral vascular disease 0.99 (0.85e1.14) 0.847
Diabetes mellitus 1.20 (1.11e1.30) <0.001
Active cancer 1.09 (1.00e1.18) 0.057
Prior heavy alcohol use 1.32 (1.15e1.50) <0.001
Hepatic cirrhosis 1.44 (1.11e1.88) 0.007
Dialysis 1.19 (0.94e1.50) 0.15
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populations), but are more limited in their specificity.11,12,34

The limited specificity of both tests likely results in an over-

estimation of the true rate of clinical dementia or cognitive

impairment and is likely responsible for some of the discor-

dance seen in our results. Similarly, these tests likely have a

lower sensitivity for mild cognitive impairment, although data

for the SBT and AD8 are limited. There are scarce data de-

tailing the sensitivity and specificity of any existing cognitive

screening test for dementia specifically in the perioperative

patient population.

There is emerging evidence that the addition of preopera-

tive cognitive screening to patient assessment may enhance

postoperative outcome prediction.29,35 However, it remains

unclear if the presence of abnormal cognition is simply an

additional domain marking progressive vulnerability to those

adverse outcomes experienced by frail patients or if cognitive

deficits specifically predispose patients to certain complica-

tions. It is also possible that abnormal cognition may be a

marker for the severity of another disease process that may

contribute independently to postoperative adverse events. For

example, patients with severe cerebrovascular disease that

increases the risk of adverse perioperative events may also

have abnormal cognition as a result of associated vascular

dementia. The above considerations represent important

concepts for future investigations in aged surgical populations
and could facilitate targeted interventions to reduce periop-

erative risks.

As a secondary goal, we attempted to identify a group of

patients at low risk for abnormal cognitive screening in whom

it may be appropriate to defer screening to improve clinic ef-

ficiency. Although we did identify a subset of patients without

any of the variables associated with abnormal cognitive

screening who were at lower risk relative to the entire patient

cohort, 11% of this population still had an abnormal cognitive

screen. In light of this, we do not believe that filtering patients

by age, comorbidity, and function offers a meaningful logis-

tical advantage over the strategy of screening all patients of

advanced age.

This study has several strengths. The large sample size

may be generalised to the surgical patient populations at other

large academic institutions. The nurse-driven model for pre-

operative cognitive screening may allow for easy integration

into existing preoperative workflows. In addition, the SBT and

AD8 evaluations are both brief and sensitive tests for preop-

erative cognitive dysfunction that can be easily administered

without significant disruption to preoperative clinic patient

throughput.

This study also has notable limitations. It utilised a scoring

cut-off for the SBT that favours a high sensitivity for detection

of cognitive dysfunction. This could result in a modest over-

estimation of the actual incidence of abnormal cognition

compared with a more comprehensive cognitive evaluation.

The included patients were selected in several ways: surgery

at an academic medical centre may reflect greater burden of

comorbidity, patients attending a preoperative clinic may

carry greater comorbidity levels, and not all patients had

complete screening performed. The missing outcome data in

this study were related primarily to incomplete training of all

clinic nursing staff. This was attributable to both temporary

staff rotating from other hospital units and new staff who had

not yet undergone training in test administration. Our analysis

suggests that the screened and unscreened groups were fairly

similar, but this does not eliminate the possibility that there

may have been selection bias in screening that results in an

underestimation or overestimation of the true incidence of

abnormal cognitive screening in our population. Finally, the

SBT and AD8 do not assess all domains of cognition, which

may allow some phenotypes of cognitive dysfunction to go

undetected.

In conclusion, this large retrospective cohort study shows

that abnormal cognitive screening is quite common in older

surgical patients. The presence of abnormal preoperative

cognitive screening is strongly associated with a number of

common comorbidities and other patient factors. Abnormal

cognition may be associated with a greater incidence of

adverse outcomes after elective surgery, but further investi-

gation is necessary to better characterise the aetiology of these

adverse events and identify potential strategies for risk

mitigation.
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