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Background: Postoperative delirium (POD) and postoperative cognitive
dysfunction (POCD) are postoperative neurocognitive disorders (PNDs) that
frequently occur in the aftermath of a surgical intervention. Cognitive reserve
(CR) is a concept posited to explain why cognitive health varies between
individuals. On this qualitative understanding of cognitive health, factors like
IQ, education level, and occupational complexity can affect the impact of
neuropathological processes on cognitive outcomes.

Methods: We investigated the association between CR and POD and CR and
POCD on data from 713 patients aged>65years with elective surgery. Peak
pre-morbid 1Q was estimated from vocabulary. Occupational complexity was
coded according to the Dictionary of Occupational Titles (DOT). Education level
was classed according to the International Standard Classification of Education
(ISCED). These three factors were used as proxies of CR. In a series of regression
models, age, sex, depression, site of surgery, and several lifestyle and vascular
factors were controlled for.

Results: Patients with a higher IQ had lower odds of developing POD. We found
no significant association between the other two CR markers with POD. None
of the CR markers was associated with POCD.

Conclusion: The significant association of a higher IQ with lower POD risk
allows for the stratification of elderly surgical patients by risk. This knowledge
can aid the prevention and/or early detection of POD. Further research should
attempt to determine the lack of associations of CR markers with POCD in our
study.
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1 Introduction

Cognitive change after anesthesia and surgery can occur in any
age group but is most common among geriatric patients (Moller et al.,
1998). A postoperative decline in cognitive function is as-associated
with decreased quality of life, increased length of hospital stay,
increased care dependency, and increased mortality (Abelha et al.,
2013; Ying Tan and Amokao, 2013; Kastaun et al., 2016). These
negative treatment outcomes increase the costs of health and/or social
care (Steinmetz et al., 2009; Rudolph and Marcantonio, 2011).

In 2019, more than 17.23 million operations were carried out in
German hospitals, of which 20 percent (3.6 million) were carried out
on patients aged 60 or above (Statistisches Bundesamt, 2020). As the
population of Europe ages, strategies for the prevention, detection,
and treatment of postoperative neurocognitive disorders (PNDs) will
take on more importance. Preoperative geriatric assessment should
include cognitive assessment and be targeted at risk reduction for the
individual patient. Understanding of PND risk factors may serve to
recommend structured preoperative assessment. The known risk
factors of PNDs include advanced age, comorbid cerebral, cardiac, and
vascular diseases, and pre-existing cognitive problems, as well as
further intra- and postoperative factors (Levin, 2007; Whitlock et al.,
2011; Rundshagen, 2014; Aldecoa et al., 2017). Knowledge of these
risk factors should be applied to patient risk stratification, informed
clinical decision-making, and targeted patient care in the perioperative
period (Feinkohl, 2022). These strategies could reduce the number of
cases of postoperative delirium (POD) and postoperative cognitive
dysfunction (POCD), improve patient outcomes, and reduce
expenditures for health and social care providers (Zhang et al., 2017).
The incidence of PNDs depends on the composition of risk factors
that are specific for different surgical cohorts (e.g., vascular changes,
metabolic factors, inflammation after surgery, chronic pain, and
others): in cardiac bypass surgery the incidence of POD ranges from
37 to 52% compared to 5-51% in abdominal surgery (Rudolph and

Abbreviations: POD, postoperative delirium; POCD, postoperative cognitive
dysfunction; CR, cognitive reserve; I1Q, pre-morbid intelligence quotient; BioCog,
biomarker development for postoperative cognitive impairment in the elderly
study; DOT, dictionary of occupational titles; ISCED, International Standard
Classification of Education; PNDs, postoperative neurocognitive disorders; SAGES,
the successful aging after surgery study; MMSE, mini-mental status examination;
MWT-A, Mehrfachwortschatztest A; MHVS, Mill-Hill vocabulary scale; DART, Dutch
adult reading test; GDS, geriatric depression scale; AUDIT, alcohol use disorder
identification test; BMI, body mass index; MNA-SF, mini nutritional assessment
- short form; DSM-5, 5th edition of diagnostic and statistical manual of mental
disorders; Nu-DESC, nursing delirium screening scale; CAM (- ICU), confusion
assessment method (— for the intensive care unit); CANTAB®, Cambridge
neuropsychological test automated battery; SOP, standard operating procedure;
SPSS, statistical package for the social sciences; TG, triglycerides; HDL, high-
density-lipoprotein-cholesterin; HbAlc, glycated hemoglobin; VIF, variance inflation
factor; WTAR, Wechsler test of adult reading.
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Marcantonio, 2011). In cohorts with total knee arthroplasty, most
studies report a POD incidence of 10-15% (Kitsis et al., 2022). POCD
was most often investigated in subjects with cardiac surgery, followed
by vascular surgery, orthopedic surgery, and lastly abdominal surgery.
Reported incidences are strongly related to the composition of the
cognitive test battery, the time point of testing, and diagnostic rules
(Borchers et al., 2021).

Cognitive health varies between individuals in all stages of life and
affects an individual’s resilience to damage to the brain due to age,
injury, or disease (Montine et al., 2019). Pre-morbid intelligence
quotient (IQ), education level, and occupation level are factors
thought to be protective against damage to the brain (Ko et al., 2022).
The concept that brain function can determine an individual’s
resilience to cognitive damage is known as cognitive reserve (CR)
(Stern et al,, 2019). In this manuscript, we focus on the association of
cognitive reserve factors with POD, “an acute disturbance in both
attention and awareness” occurring in the immediate aftermath of an
operation (Feinkohl et al., 2017; Sawamura, 2017), and POCD, a
relevant change in cognitive function compared to the preoperative
period diagnosed earliest 30 days up to 1year after surgery (Evered
et al., 2018). The association between CR and POD/POCD has not
been adequately studied. A comprehensive overview of the current
state of research and literature addressing the relationship between CR
and POD and POCD was given in a 2022 narrative review (Feinkohl,
2022). The review reported conflicting results for the association of
education level with POD. While education level was the most
extensively explored CR variable, only two studies assessed pre-morbid
IQ as a risk factor of POD, again with contradictory results (Schmitt
et al., 2015; Hill et al., 2018). The Successful Aging After GEneral
Surgery study (SAGES) was the only study that included occupation
data in the context of POD (Saczynski et al., 2014). However, neither
occupational complexity nor managerial demands were found to
be associated with POD (Ibid.). Regarding POCD, the association with
the highest attained education level has been well explored, and the
evidence here is more cohesive (Feinkohl, 2022). In a 2017 meta-
analysis of 15 studies covering four continents and follow-up until
6months after surgery, each additional year in education was
associated with a 10% lower POCD risk (Feinkohl et al., 2017). Two
studies assessed pre-morbid IQ as a risk factor for POCD, with neither
finding an association (Medi et al., 2013; Scott et al., 2017). A single
study to date has examined patient occupation in the context of
POCD, finding no association. However, the statistical power of this
study was limited due to its small sample size (Relander et al., 2020).

Here, we used a cohort of older surgical patients to assess whether
a higher level of CR - understood in terms of having a higher IQ, a
higher level of education, or a higher level of occupational complexity
- is associated with a lower risk of developing POD and POCD. By
controlling for potential confounders, we determined the
independence of the expected associations. We also determined the
contribution of potential mediators including vascular risk factors.
We chose to exclude patients screened positively for pre-existing
major neurocognitive disorders. We did so in view to capture the
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surgery-induced cognitive decline/POD that occurs in the general
older population, rather than in the specific subpopulation with
cognitive impairment as has been introduced by the International
Study of Post-Operative Cognitive Dysfunction (ISPOCD) working
group, one of the pioneer multicenter studies in the area of POCD
research in 1996 (Moller et al., 1998).

2 Methods
2.1 Study aim and design

We used data from the Biomarker Development for Postoperative
Cognitive Impairment in the Elderly (BioCog) study (Winterer et al.,
2018). The study aimed to establish valid biomarkers for risk and
clinical outcome prediction of POD/POCD. The study was approved
by the local medical ethics committees of the study centers in Berlin,
Germany (EA2/092/14), and Utrecht, Netherlands (14-469) and
registered at clinicaltrials.gov under NCT02265263.

2.2 Patient recruitment, data collection,
and clinical assessments

We included patients aged >65 scheduled for any elective surgical
procedure with an expected duration of at least 60 min. The site of
surgery was classified as a binary variable differentiating intrathoracic,
intraabdominal, and pelvic surgery from peripheral surgery.
We excluded patients with intracranial surgery, with a Mini-Mental
Status Examination (MMSE) score of <23 points, severe hearing or
visual impairment, and/or neuropsychiatric disease interfering with
neuropsychological testing.

Clinical, sociodemographic, and lifestyle data, and cognitive and
laboratory data relevant to our secondary analysis were collected in
structured interviews, clinical examination, questionnaires, and
patient files before and 3-6 months after surgery. Anesthesia was not
standardized and performed based on the clinical choice of the
respective anesthesiologist.

2.3 Pre-morbid IQ

Vocabulary skills were used for approximating pre-morbid IQ, as
they are resilient to age-related cognitive decline. The vocabulary skills
of German patients were tested using the Mehrfachwortschatztest A
(MWT-A) (Lehrl et al., 1991), the German version of the Mill-Hill
Vocabulary Scale (MHVS) (Lehrl et al., 1995). For Dutch patients, the
Dutch Adult Reading Test (DART) was used (Schmand et al.,, 1991).
DART and MWT-A scores were converted to intelligence quotient
(IQ) ranks based on published norms (Schmand et al., 1991; Fischer,
2001). Further details are accessible in the Supplementary material.

2.4 Occupational complexity
Last occupation prior to retirement (or current occupation) was

self-reported by patients. The last occupation was recorded in German
at the Berlin sites and in English in Utrecht. German occupation data
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were translated into English by a bilingual native speaker. The
Dictionary of Occupational Titles (DOT) (National Academy of
Sciences, Committee on Occupational Classification and Analysis,
1981) was then used to assess the occupational complexity of patients’
last occupation in terms of three factors: “data,” “people,” and “things.”
A detailed description is provided in the Supplementary material.

2.5 Education level

Full patient educational background was classified according to
the International Standard Classification of Education (ISCED). In
Berlin, ISCED 1997 (International Standard Classification of
Education ISCED, 1997) was used, which assigns categories ranging
from 0 to 6 to each individual: 0, ‘pre-primary level of education’; 1,
‘primary’; 2, ‘lower secondary’; 3, ‘upper secondary’; 4, ‘post-
secondary non-tertiary’; 5, first stage tertiary’; 6, ‘second stage
tertiary’ For the purpose of the current analysis, participants were
grouped into ISCED 1/2; ISCED 3/4, and ISCED 5/6. At the Dutch
study center, the ISCED 2011 classification system was used
(International Standard Classification of Education ISCED, 2011) and
converted to the ISCED 1997 based on the ISCED 1997-2011
conversion table presented in Table S3 in the Supplementary material.
None of the patients had ISCED 0.

2.6 Psychological comorbidity, lifestyle,
and vascular health

Depressive symptoms in patients were assessed using the 15-item
Geriatric Depression Scale (GDS) (Gauggel and Birkner, 1999). A
GDS score of 0-4 points was classified as “normal,” and 5-9 points as
“mild or moderate depression,” while a score of 10 or more was
considered to indicate “severe depression.”

Patients were attributed past or present smoking status, and
nutritional status was assessed with the Body Mass Index (BMI) and
Short Form of the Mini Nutritional Assessment (MNA-SF)
(MNA-International Group et al., 2009). We built models to control
for smoking, obesity, diabetes, and hypertension as lifestyle risk factors
and comorbid health conditions known to be inversely correlated with
level of education, occupation, and IQ (Cavelaars et al., 2000; Smith,
2007; Der et al., 2009). These factors are detrimental to overall health
- including brain health (Cox et al., 2019) — which could explain, in
part, why those with a higher level of CR experience better
postoperative cognitive outcomes. Furthermore, we included
laboratory markers of vascular health [High-Density-Lipoprotein-
Cholesterin (HDL), Triglycerides (TG), and glycated hemoglobin
(HbA1c)] in our analysis models (Saudek and Brick, 2009; Impact of
High Cholesterol on Vascular Health, n.d.). These were taken on the
day of surgery when patients were generally fasting.

2.7 Assessment of POD

Screening for POD started in the recovery room and was repeated
twice daily at 8:00am and 7:00 pm (+/— 1h), except for weekend days,
for up to 7 days after surgery, or until discharge from hospital, if this
occurred first. The screening was conducted by a clinical research
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team trained and supervised by psychiatrists and delirium experts,
independently of routine hospital procedures. Assessments included
simultaneous scoring of sedation level and pain according to evidence-
based and consensus-based guidelines on postoperative delirium
recommendations (Aldecoa et al., 2017). POD was defined according
to the 5th edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) criteria. Patients were considered delirious if they

« scored >2 cumulative points on the Nursing Delirium Screening
Scale (Nu-DESC) (Gaudreau et al, 2005; Litz et al,
2008) and/or

o had a positive Confusion Assessment Method (CAM)
score and/or

« had a positive score for the CAM for the Intensive Care Unit
(CAM-ICU) (Hestermann et al., 2009) and/or

« showed signs of delirium (e.g., confusion, agitation, drowsiness,

in their

disorientation, prescription of antipsychotics)

treatment chart.

POD

Supplementary material.

assessment methods are detailed in the

2.8 Assessment of POCD

Patients underwent neurocognitive testing at three time points:
before surgery, during the week after surgery, and 3-6 months after
surgery. Tests consisted of a comprehensive screen-based
neuropsychological test battery (CANTAB®, Cambridge Cognition
Ltd., Cambridge, UK), the trail-making test, and the grooved pegboard
test. Trained study assistants performed testing in accordance with a
(SOP)

neuropsychologists. Two independent assessors performed data

standard operating procedure developed by two
plausibility checks. Incomplete test values were imputed: for data
missing due to a lack of concentration or understanding of the test,
the worst performance data for the entire patient group were used as
a substitute (11 cases — 1.5%); for data missing at random, e.g., due to
technical errors, random forest imputation was applied (missForest
package for R Statistical Software) (37 cases - 5.2%). No imputation
was applied for complete neuropsychological testing missing at a given
follow-up.

A non-operated comparison group was recruited from outpatient
clinics, primary care, nursing homes, and during public talks. The 114
subjects in the non-operated comparison group had identical
inclusion/exclusion criteria with the intervention group except for
surgery, and completed neuropsychological testing at baseline, 1 week,
and 3 months after baseline. Subject demographics of the non-operated
comparison group are provided in Supplementary Table S4. Data on
the stability of the neuropsychological test performance of this cohort
serving as normative control have been published (Feinkohl et al.,
2020). The neurocognitive test battery and diagnostic rule for POCD
are detailed in the Supplementary material.

2.9 Statistical analyses

We reorganized the database in SPSS (IBM, version 27) and used
R Statistical Software (R Core Team, version 4.1.1) for data analysis.

Frontiers in Aging Neuroscience

10.3389/fnagi.2023.1327388

The level of statistical significance was set at p <0.05 without adjustment
for multiple testing. All value of ps constitute exploratory analysis.

2.10 Treatment of missing and unsuitable
data

Patients with missing data on the key variables of POD, POCD,
IQ, last occupation, and/or education level were excluded from the
analysis sample.

For missing of categorical data [site of surgery (n=20), current
smoking status (n=16), hypertension (n=11)], the most common
category was imputed, i.e., “peripheral” for site of surgery, “no” for
current smoking, and “yes” for hypertension. For absences of
continuous data [GDS (n=44), HDL (n=131), TG (n=132), HbAlc
(n=155)] the median value was imputed (Figure 1).

Extreme values of the CR marker “occupational complexity:
people” (range 0-8) were rather due to a class imbalance issue and
therefore included in the analysis. Of the control variables, extreme
outliers were found in the lifestyle and vascular health variables BMI
(range 14.73-46.77kg/m?), HDL (range 0.10-2.93mmol/L), TG
(range 0.31-17.10mmol/L), and HbAlc (range 15.30-88.00 mmol/
mol). Extreme low values were replaced with the 10th percentile value
and extreme high values with the 90th percentile value. The lower
outer fence was defined as Q1 - (3IQR) and the upper outer fence as
Q3+ (3IQR), where Q1 and Q3 were the lower and upper quartiles,
respectively, and IQR the interquartile range.

2.11 Preliminary analyses

Descriptive statistics are given as mean with standard deviation
(SD), median with limits of the interquartile range (IQR), or absolute
numbers and relative frequencies, depending on scale.

Analyses of variance (ANOVAs) were used to compare
pre-morbid IQ across education groups and between male and female
patients. Kruskal-Wallis Tests were used to compare occupational
complexity across education groups and between male and female
patients. A x* test was used to examine the association of education
with sex.

The Spearman correlation coefficient was calculated to examine
the association between occupational complexity and pre-morbid IQ.

2.12 Logistic regression models

For the main analyses, multivariate logistic regression models
were used to estimate odds ratios (OR) with 95% confidence intervals
(CI) for the occurrence of POD and POCD, respectively. We entered
all independent variables (IQ, Education level, and Occupational
complexity) together in each model. Occupational complexity was
used as a continuous variable. Each analysis involved three steps: In
model 1, age and sex were controlled for. In model 2, depression score
and site of surgery were additionally controlled for. In model 3,
lifestyle and vascular factors (current smoking, BMI, diabetes,
hypertension, HDL, TG, and HbA 1¢) were additionally controlled for
to determine the potential role of these factors as mediators to the
expected associations.
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n = 933 patients qualifying for
analysis of at least one endpoint
n =717 with POD & POCD data
n = 212 with POD data only
n = 4 with POCD data only

n = 213 patients with incomplete CR data

n = 7 patients deemed unsuitable for cohort”

n = 713 patients with complete CR
data and at least one endpoint
n = 501 with POD and POCD data
n = 208 with POD data only
n = 4 with POCD data only

POD MODELS l_

n = 709 patients
included in POD model 1

Missing data on
surgery type imputed®

n = 709 patients included
in POD model 2

Missing data on
lifestyle/vascular risk [«
factors imputed”

v

n = 709 patients included
in POD model 3

FIGURE 1

continuous data the median was imputed.

Inclusion chart. *Three patients underwent operations to fit a shunt to treat hydrocephalus, two patients had a stimulation device implanted to treat an
essential tremor, and two patients had surgeries on brain tumors. These were not included in the analysis sample. "Missing data on site of surgery
(n=20), GDS (n = 44), current smoking status (n = 16), hypertension (n = 11), HDL (n = 131), TG (n = 132), HbAlc (n = 155). For missing categorical data,
the most common category was imputed, i.e., “peripheral” for site of surgery, "no” for current smoking, and "yes” for hypertension. For missing

—l POCD MODELS

n = 505 patients included
in POCD model 1

Missing data on
surgery type imputed®

n = 505 patients included
in POCD model 2

Missing data on
Ly lifestyle/vascular risk
factors imputed’

\ 4

n = 505 patients included
in POCD model 3

3 Results

The analysis sample contained 713 patients aged 65-90years
(median 72years) with complete data on IQ, education, and
occupation. Of these patients, 709 had POD data, while 505 had
POCD data (Figure 1). Demographic, cognitive, and medical
characteristics of these patients are summarized in Table 1. Patients
were of a relatively high education level and IQ. Occupational
complexity scores varied for “data” (IQR 3-5), “people” (IQR 2-3), and
“things” (IQR 0-6).

Depression scores were relatively low (median 1.0 of maximum
15 points). Only 40 patients (5.6%) scored higher than four points on
GDS indicating mild to severe depressive symptoms.

The majority of patients in the sample were overweight (median
BMI of 26.6kg/m?). Nine percent of patients were current smokers,
and the prevalences of hypertension and diabetes were 62 and 21%,
respectively.

Frontiers in Aging Neuroscience

Median patient TG levels were 1.5 mmol/L, median HDL levels
1.3mmol/L, and median HbA1c levels 35.0 mmol/mol.

Male and female patients did not differ significantly in age or
IQ. Education level was significantly associated with sex, with male
patients having higher levels of education. Jobs held by men were
more complex with regard to “data” and “people” but did not differ in
occupational complexity with “things” Gender differences are shown
in more detail in the Supplementary Table S2.

As shown in Table 2 patient education level was significantly
associated with pre-morbid IQ (p<0.001). Patients in the middle
education level (ISCED 3/4) had higher IQs than those in the lower
education level (ISCED 1/2), while those in the highest level (ISCED
5/6) had higher IQs again. All three occupational complexity factors
were significantly associated with education level (p<0.001). For
complexity with “data” and “people,” patients in the lowest education
level had the lowest complexity scores, and patients in the highest
education level the highest. For occupational complexity related to
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TABLE 1 Patient characteristics.

Total sample n=713 Median (@]
Age (years) 72.0 68-75
MMSE score (points) 29.0 28-30
GDS score (points) 1.0 0-3
BMI (kg/m?) 26.6 24.0-29.2
HDL (mmol/L) 1.3 1.1-1.6
TG (mmol/L) 1.5 1.2-1.8
HbAlc (mmol/mol) 35.0 32.8-37.2
1Q 111 102-123
Occupational Data 4 3-5
complexity People 2 2-3
Things 3 0-6
Absolute Relative
number frequency (%)
Female 305 43
Site of surgery Intrathoracic, 323 45
-abdominal,
-pelvic
Peripheral 390 55
Current smoker 67 9
Hypertension 455 64
Diabetes 151 21
Education level ISCED 1/2 109 15
ISCED 3/4 296 42
ISCED 5/6 308 43
POD (n=709) 146 21
POCD (n=505) 49 10
Died before 3 months follow-up 24 3

MMSE, Mini-Mental-State-Exam; GDS, Geriatric Depression Scale; BMI, Body Mass Index;
TG, triglycerides; HDL, High-Density-Lipoprotein-Cholesterin; HbAlc, glycated
hemoglobin; IQ, intelligence quotient; ISCED, International Standard Classification of
Education; POD, Postoperative delirium; POCD, postoperative cognitive dysfunction. No
listwise deletion of missing data on surgical factors, lifestyle factors, and comorbidities was
undertaken. Data for the site of surgery was missing for 20 patients; GDS data was missing
for 44 patients; data on current smoking was missing for 16 patients; data on hypertension
was missing for 11 patients. Initially, diabetes data was missing in the database for 10 patients
from Berlin, however, this data was successfully extracted from patient files and amended in
the database. BMI data was complete for all patients. Concerning blood values, 131 patients
were missing HDL data, 132 were missing TG data, and 155 were missing HbAlc data. For
missing continuous variables, the median was imputed; for missing categoric data, the most
common category was imputed, i.e., “peripheral” for the site of surgery, “no” for current
smoking, and “yes” for hypertension.

“things,” the pattern was different: patients in the middle education
level (ISCED 3/4) had the highest occupational complexity ratings,
followed by patients in the lowest education level (ISCED 1/2), while
those in the highest education level (ISCED 5/6) had the lowest
complexity ratings related to “things” of the three groups. Correlations
between IQ and occupational complexity were low for both “data”
complexity and “people” complexity (rho=0.26, p<0.001 and
rho=0.27, p<0.001 respectively). There was insufficient evidence of a
correlation between IQ and occupational complexity with respect to
“things” (rtho=-0.07, p=0.052). Scatterplots for the correlation of
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occupational complexity with IQ are shown in the
Supplementary Figures S1-S3.

The results from the analysis of the association between CR and
postoperative NCDs are shown in Tables 3, 4. The only significant
association found was between IQ and POD, such that patients with
a higher IQ had lower odds of developing POD. In model 1, adjusting
for age and sex, for every one unit increase in IQ, the odds of having
POD decreased by 3% (Odds Ratio 0.97, 95% CI 0.95-0.98, p<0.001).
We standardized this measure: for every one SD increase in IQ, the
odds of having POD decreased by 37% (OR 0.63, 95% CI 0.51-0.78,
p<0.001). In models 2 and 3, the effect remained significant and the
effect size was stable. CR was not associated with POCD (Table 4).
We did not find differences in CR markers between patients with
peripheral versus intraabdominal/—thoracic/—pelvic site of surgery
(Supplementary Table S5). CR markers were not associated with

mortality (data provided in the Supplementary material).

4 Discussion

We found that higher pre-morbid IQ was associated with a lower
odds of developing POD. When including lifestyle and vascular risk
factors in a logistic regression model the lower odds of POD in higher
1Q individuals were not due to the fact that these individuals were
physically healthier in terms of their BMI, smoking habits, comorbid
diabetes and hypertension, and vascular health. This indicates that
lifestyle and vascular risk factors are not mediators between IQ and
POD. Contrary to our expectation, occupational complexity of “data,”
“people;,” and “things” or education level were not associated with
POD. Further, no association between any of the CR markers and
POCD was found.

The results of this analysis are in line with those of the SAGES
study, showing a negative association between IQ and POD incidence,
and no association between occupation and POD incidence (Saczynski
etal., 2014). Using the Wechsler Test of Adult Reading (WTAR) as a
basis for understanding IQ, Saczynski et al. found that an 0.5 SD
increase in WTAR score was associated with a 38% reduction in POD
risk (Ibid.) - a very similar finding to that of the present study. The
authors of the paper concluded that “the [CR] markers that are
important for [POD] may be different from those considered to
be important for dementia” (Ibid.).

It was surprising that the present analysis did not find an
association between either POD or POCD and education, the CR
variable most commonly explored with respect to PNDs (Feinkohl,
2022). While the literature reports conflicting results on the
association of education and POD including studies which, like in our
analyses, found no association between POD and education (Ibid.),
POCD is known to be strongly associated with education (Feinkohl
etal., 2017). We may not have been able to replicate the association of
education level with POCD as we used ISCED categories instead of a
continuous variable, e.g., education years, in our analyses.

The strong association of POD risk with patient IQ, discerned
through a vocabulary test (MWT-A, DART), represents an
interesting contribution to the discussion of whether POD and
POCD are to be understood as separate disorders or as different
manifestations of the same underlying dysfunction (Devinney et al.,
2018). On long-term follow-up of the SAGES cohort “delirium was
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TABLE 2 Associations between 1Q, education level, and occupational complexity.

Education level

ISCED 1/2 ISCED 3/4 ISCED 5/6 F-value Value of p
1Q 100.9+13.8 108.6+14.2 118.1+11.9 81.03 <0.001
[Mean +SD]

Occupational complexity X%(2,n=713)

[Median (IQR)]

Data 3(1-4) 3.5(3-5) 5(4-5) 172.61 <0.001

People 2(0-2) 2(2-2) 2(2-6) 125.77 <0.001

Things 3(0-5) 4(0-6) 0 (0-6) 16.88 <0.001
1Q Rho Value of p

Occupational complexity

Data 0.26 <0.001

People 0.27 <0.001

Things -0.07 0.052

Analyses of variance (ANOVAs) were used for comparison of pre-morbid IQ across education groups (F- and value of ps provided). Kruskall-Wallis Tests were used for the comparison of
occupational complexity variables across education groups (y* and value of p provided). The Spearman correlation coeflicient was calculated to test for the correlation of occupational

complexity variables with IQ (rho and value of p provided).

associated with a 40% acceleration in the slope of cognitive decline
out to 72 months following elective surgery” (Kunicki et al., 2023).
The results of our analysis show that a lower IQ is a significant risk
factor for a patient developing POD but has no bearing on their
POCD risk. Patients with higher IQ may compensate for attention
deficits better than patients with lower IQ, be affected by
subthreshold delirious symptoms instead, and still be at risk of
developing POCD. Higher cognitive reserve may therefore not
be but a
cognitive disturbance.

protective risk of wunnoticed perioperative

4.1 Limitations

The choice of the CR markers used was constrained by the data
available. Other variables may have been useful additional markers to
consider. Lifetime cognitive engagement would be especially
interesting as a CR marker as this - potentially used in combination
with occupational data — draws a more holistic picture of an
individual’s cognitive history than occupation alone, which only
represents part of an individual’s cognitive activities over the course
of their life. The three reserve parameters may be converted into a
composite to segment patients into groups of ‘low -’ and ‘high
cognitive reserve’ (Feinkohl, 2022). Though of potential interest,
we did not use data collected on patients’ alcohol consumption in our
analysis due to concerns about the reliability of the self-reported
measures (Egholm et al., 2018). Furthermore, the inclusion of patients
independent of their pre-operative cognitive status may change the
association of CR factors with perioperative cognitive reserve, as
preoperative cognitive impairment has been described as an
independent risk factor of PNDs (Culley et al., 2017). Precipitating
factors, e.g.,
intraoperative sedation depth may be associated with PNDs, but the

body-weight-adjusted anesthesia dosages and

systematic review does not support this assumption (Wang et al.,
2023). We are convinced that future investigations of modifiable
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precipitating factors require research designs that standardize
anesthesia and postoperative treatment to control for the complexity
of PND etiology in individualized patient care. We therefore chose to
limit our analyses of data from this observational study to predisposing
factors and site of surgery. With this approach, we focus on the
association of CR factors with PNDs from an epidemiological
perspective and variables detectable during preoperative
risk assessment.

None of the three occupational complexity variables were
associated with either POD or POCD. Longest-held occupation may
have been a more fitting CR factor compared to last-held occupation,
though in the SAGES study, longest-held occupation was not
associated with occupational complexity and POD either (Saczynski
etal., 2014).

Limited variance of ISCED as a categorical variable may have
hindered finding an association between education level and POCD
that was reported in a meta-analysis which found a significant
difference in POCD risk between patients who had completed tertiary
education and those who had completed only secondary education
(Feinkohl et al., 2017).

Several more challenges are typical of studies on perioperative
cognitive trajectories. The patient’s level of anxiety during cognitive
testing on the day before surgery may have altered baseline cognitive
performance. Dropout is common for organizational reasons, poor
patient physical or mental health, and mortality. Furthermore, it is
unsurprising that data across a number of variables were incomplete
within a multi-site clinical study. In consequence, data imputation
could also have impacted the results.

5 Conclusion

This study has identified a significant association between 1Q
and POD such that for every one SD increase in IQ, the odds of
having POD decreased by 37%. No other CR variable was
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TABLE 4 POCD models 1-3 for IQ, occupational complexity, and

education.

Model 1: adjusted for age and sex

Model 2: additionally adjusted for depression and

Model 2: additionally adjusted for depression and

OR (95% Cl) Value of p OR (95% Cl) Value of p

1Q 0.97 (0.95, 0.98) <0.001 1Q 1.00 (0.98, 1.02) 0.995
Occupational complexity Occupational complexity

Data 1.09 (0.95, 1.25) 0.216 Data 1.04 (0.84, 1.30) 0.728
People 0.96 (0.87, 1.07) 0.483 People 0.93 (0.77, 1.10) 0.394
Things 1.02 (0.95, 1.11) 0.558 Things 1.08 (0.96, 1.22) 0.214
Education level Education level

ISCED 3/4% 1.00 (0.57, 1.80) 0.996 ISCED 3/4% 1.23 (0.50, 3.38) 0.662
ISCED 5/6* 1.80 (0.92, 3.59) 0.091 ISCED 5/6* 1.39 (0.47, 4.46) 0.568

Model 3: additionally adjusted for lifestyle and

vascular risk factors

Model 3: additionally adjusted for lifestyle and

vascular risk factors

site of surgery site of surgery
OR (95% CI) Value of p OR (95% CI) value of p

1Q 0.97 (0.96, 0.99) <0.001 1Q 1.00 (0.98, 1.03) 0.864
Occupational complexity Occupational complexity

Data 1.10 (0.96, 1.27) 0.172 Data 1.05 (0.85, 1.31) 0.661
People 0.95 (0.85, 1.06) 0.363 People 0.92 (0.77, 1.09) 0.341
Things 1.04 (0.96, 1.13) 0.329 Things 1.08 (0.96, 1.23) 0.219
Education level Education level

ISCED 3/4* 0.97 (0.54, 1.78) 0.908 ISCED 3/4% 1.25 (0.50, 3.43) 0.646
ISCED 5/6* 1.84 (0.92, 3.76) 0.089 ISCED 5/6* 1.43 (0.48, 4.63) 0.531

OR (95% CI) Value of p OR (95% CI) value of p

1Q 0.97 (0.96, 0.99) 0.003 1Q 1.00 (0.97, 1.03) 0.814
Occupational complexity Occupational complexity

Data 1.15(0.98, 1.35) 0.097 Data 1.08 (0.84, 1.42) 0.554
People 0.96 (0.85, 1.08) 0.499 People 0.99 (0.81, 1.19) 0.888
Things 1.06 (0.97, 1.17) 0.192 Things 1.05 (0.91, 1.22) 0.499
Education level Education level

ISCED 3/4* 1.12 (0.57, 2.29) 0.732 ISCED 3/4%* 1.36 (0.45, 4.70) 0.603
ISCED 5/6* 1.68 (0.76, 3.87) 0.211 ISCED 5/6* 1.62 (0.44, 6.88) 0.490

1Q, occupational complexity, and education were entered together in each regression model.
*Compared to ISCED 1/2.Nagelkerke R* in Model 1: 0.10; Model 2: 0.17; Model 3: 0.50.

associated with either POD or POCD. More research on the
association of CR and PNDs is needed to assess if high cognitive
reserve reduces brain vulnerability in the perioperative period or
rather increases the risk of perioperative disturbance remaining
undetected in current screening strategies. Studies should apply
composite CR measures with highly relevant variables, e.g.,
longest-held occupation and lifetime engagement in cognitive
activities. POD assessment should allow for the detection of
subthreshold (sub-syndromal) delirium.

Data availability statement
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1Q, occupational complexity, and education were entered together in each regression model.
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