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Abstract
Background

Post-operative cognitive dysfunction (POCD) occurs frequently after surgery, particularly
among older people. Diabetes, chronic hyperglycemia and a history of hypoglycemia are
related to cognitive impairment, but little is known about their roles in POCD. Here, we
estimated their associations with risk of POCD on the basis of published epidemiological
research.

Methods

The PubMed and Cochrane databases were searched for longitudinal studies of adults
undergoing surgery with reporting of associations of diabetes status, glycemic levels and/or a
history of hypoglycemia with risk of POCD as relative risks or odds ratios. PRISMA and
MOOSE guidelines were followed.

Results

The search identified 246 publications of which 14 met inclusion criteria, reporting on a total
of 2518 patients (mean age 64 years). Follow-up periods spanned 1 day to 5 years. Overall,
patients with diabetes had a 1.26-fold higher risk of POCD compared with diabetes-free
patients (95% CI 1.12, 1.42). A single study assessed glycemic control in patients with
diabetes, and identified a higher HbAlc associated with higher POCD risk (RR per % higher
HbAlec, 2.0; 95% CI 1.4, 2.6). We did not find studies on glycemic levels in the non-diabetic
range or on hypoglycemia as potential predictors of POCD.

Conclusion

Patients with diabetes appear to have a higher risk of POCD compared with diabetes-free
persons. Among patients with diabetes, POCD risk may further increase with poorer
glycemic control as indexed by higher HbAlc, but these findings and the roles of HbAlc
levels among non-diabetics and of hypoglycemia in POCD risk warrant further research.
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Introduction

Post-operative cognitive dysfunction (POCD) occurs relatively frequently after surgery in the
general population, particularly among older people [1]. It is loosely defined as a decline on
cognitive test performance between pre-surgery and post-surgery assessments. Due to poor
characterization of the syndrome and resulting lack of diagnostic criteria [2], substantial
variation exists in reported incidence rates, but in older age groups incidence overall appears
in the order of 10-38% [3-6] within the first 2 to 3 months and 3-24% at 6 to 12 months after
major surgery [5, 7, 8]. Although it is considered as a transient condition [1], POCD has been
shown to increase the risk of subsequent dementia as well as premature death [1, 4, 9]; yet
research into its epidemiology — which may elucidate its etiology as well as preventive
strategies — is lagging behind. Only a few risk factors for POCD have been identified to date,
including advanced age and pre-existing cognitive impairment [1].

Chronic hyperglycemia in older age is well-recognized as a predictor of age-related cognitive
impairment [10]. Thus, patients with diabetes are at 50%-140% increased risk of dementia
[11], and even in the dementia-free range experience a 20 to 50% increased rate of cognitive
decline [12]. Similar observations have been reported across the spectrum of glycemia:
higher glycated hemoglobin Alc (HbAlc) levels — a marker for chronic hyperglycemia —
have been linked to cognitive impairment both in people with [13] and without diabetes [14].
Due to anti-hyperglycemic treatment, patients with diabetes may also be exposed to
temporary states of hypoglycemia — blood glucose levels below those of a healthy glucose
metabolism — which, too, have been shown to predict impairment [15-17], with evidence
suggestive of a dose-response relationship [16, 18]. It is, however, unclear whether chronic
hyperglycemia or a history of hypoglycemic episodes prior to surgery may also increase the
risk of POCD. Clarifying the potential role of diabetes, glycemic levels and a history of
hypoglycemia is important to be able to provide reliable risk assessment prior to surgery, in
order to tailor clinical care after surgery and to inform hypotheses on the mechanisms leading
up to POCD.

The objective of the present study was therefore to systematically review the existing
epidemiological evidence and to conduct a meta-analysis on the associations of diabetes,
glycemic levels, and a prior history of hypoglycemia with risk of POCD.

Methods
Systematic search strategy

The PubMed database and Cochrane Database of Systematic Reviews were searched by IF
from their respective inception onwards; the final search was performed on 2o September
2015. The following term was used: (“hyperglyc*” OR “hypoglyc*” OR “blood sugar” OR
“blood glucose” OR “glycemic control” OR “glycaemic control” OR “diabetes”) AND
((“post-operative” OR “postoperative” OR “POCD”) OR ((“surgery” OR “operation”) AND
(“cognit®*” OR “intelligence” OR “MMSE” OR “Mini Mental” OR “dementia” OR
“Alzheim*” OR “mild cognitive impairment” OR “MCI”))). Abstracts of all ‘hits’ were
screened to determine whether they potentially matched inclusion criteria, and were accessed
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for full text evaluation as appropriate. Reference lists of relevant articles and review articles
were hand-searched and an independent online search was performed. Findings were reported
in line with Meta-analysis Of Observational Studies in Epidemiology (MOOSE) and
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines
[19, 20].

Study selection

Articles were included if the following criteria were met: i) original article in English
language reporting on adult humans (>18 years) undergoing surgery, ii) longitudinal study
design, iii) report of change in cognitive function that is measured before and after surgery
using standardized performance-based neuropsychological assessment tools, 1iv)
ascertainment of glycemic level through blood glucose levels and/or glycated hemoglobin
(HbAlc), ascertainment of diabetes status (any type of diabetes), and/or ascertainment of
prior history of hypoglycemia (any severity) from hospital records and/or self-report, and v)
reporting of associations of these exposures with cognitive change pre- to post-surgery as
odds ratios or relative risks (both taken as RR for the purpose of this review) or in a form that
could be converted to RR. Use of the term ‘POCD’ was not required for inclusion. Articles
on exposure to acute perioperative glucose levels or on diagnosed post-operative delirium
were excluded.

Data extraction

For each study identified in the search, data (if available) were extracted on first author,
location, total N and N included in the analysis, proportion of males, mean age, surgical
procedure and type of anesthesia, definition of POCD, exposure to diabetes, hyperglycemia
and/or a prior history of hypoglycemia, associations of exposure with POCD (RR), and
covariates. Data from models that included full multivariable adjustment were extracted
unless no adjustment was applied. The respective longest follow-up period was selected. For
two articles with insufficient reporting on longer follow-up periods, data for the respective
shorter follow-up with available data were used [21, 22]. For one article that included two
levels of POCD severity [23], the group with the more severe form of POCD was compared
with the cognitively unimpaired group. If use of identical samples was suspected, the
respective article with most complete reporting was selected. HbA1c represents the average
blood glucose levels that a patient has been exposed to over the past two to three months and
so reflects the entire glycemic spectrum [24]. On the basis that a low HbAlc is a risk factor
for experiencing hypoglycemic episodes [25], but in itself does not indicate that a patient has
experienced such an episode, however, we took HbAlc to signify hyperglycemia only in a
linear (rather than U-shaped) fashion. This approach is common in the research literature on
hyperglycemia and was also followed by the studies included in the present analysis.

Data were tabulated and (if possible) meta-analyzed separately for diabetes status, glycemic

control in patients with diabetes, glycemic control in the normoglycemic range, and for a
history of hypoglycemia.
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Data synthesis

Statistical data were entered into Review Manager 5.3 (Cochrane Collaboration, 2014) to
calculate summary estimates of RR (95% CI) in inverse variance meta-analyses. The method
weighs studies according to standard errors of effect estimates to give greater weight to larger
studies [26]. Fixed-effects models were utilized on the basis that all included studies were
assumed to estimate one true underlying population effect size [27]. The main analyses were
then repeated post-hoc using random-effects models. Though more conservative compared
with fixed-effects models, random-effects models give greater weight to small studies that are
far from the point estimate. Publication bias was assessed through visual inspection of funnel
plots and was formally tested using the regression method by Egger [28]. The I* index was
calculated to signify statistical heterogeneity among studies. Pre-specified subgroup analyses
included multiple, fixed-effects meta-regression analyses exploring effect sizes according to
follow-up period (<1 month versus >1 month), sample size (<100 versus >100), mean sample
age (<65 years versus >65 years), surgery type (cardiac; non-cardiac; mixed surgery type)
and sex (<75% males versus >75% males) as potential sources of heterogeneity. Meta-
regression was performed in SAS Enterprise Guide (version 4.3). In a final step, sensitivity
analyses determined influence of individual studies to pooled effects in the respective
subgroup analyses.

Quality assessment

One investigator (IF) rated articles for reporting quality using the checklist for cohort studies
by the STROBE Initiative with maximum score of 22 [29]. No exclusions based on reporting
quality were applied.

Results

Study characteristics

The search yielded 237 articles in PubMed and O articles in the Cochrane Library (see Figure
1). All abstracts were screened, and full texts of 31 articles were accessed for evaluation.
Screening of reference lists and an independent search identified 9 additional relevant
articles. Of these 40 articles, 20 did not meet inclusion criteria and 6 articles were excluded
due to suspected duplicate reporting on identical cohorts. A total of 14 articles were included
in the review.

Of the 14 studies, 13 had prospective observational designs; one randomized controlled trial
compared cognitive outcomes between on-pump and off-pump coronary artery bypass
grafting (CABG) and analyzed their data with adjustment for surgery type [30]. A single
investigation was on glycemic control in a sample of 124 patients with diabetes [31]; all other
studies investigated POCD according to diabetes status and enrolled a total of N=2990
patients of which N=2518 were retained for follow-up [9, 21-23, 30, 32-39] (see Table 1).
Publication dates spanned 2001 to 2015, and studies stemmed from countries in Europe, Asia,
North America and Australia. Analyses were performed on between 21 and 585 patients, with
mean sample age of 56 to 69 years (where reported; mean 64 + 4 years across studies).
Criteria used to diagnose diabetes and diabetes type were not specified in any of the studies
except one [34], but on the basis of sample age, most patients with diabetes in the studies
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likely had type 2 diabetes. A majority of studies included more males than females. Follow-
up periods spanned 1 day to 5 years (median 68 days, interquartile range 4 days to 180 days).
Prevalence of diabetes (where reported) in the 13 studies on diabetes status appeared to be
dependent on sample characteristics including age, and ranged from 8% in an Australian
study with the lowest mean sample age (56 years) of all included studies [37] to 53% in a
Spanish investigation of older adults with mean age of 66 years [39]. All except two Asian
studies [32, 38], which used cognitive screening instruments, applied detailed
neuropsychological tests. Criteria used to define POCD varied between studies, and in many
cases included comparison with change scores of a control group that did not undergo
surgery. The proportion of patients who developed POCD during follow-up among studies
ranged between 9% and 75%. Of 6 studies that applied statistical adjustment for potential
confounders [21, 22, 31-33, 40], covariates were selected a priori in a single investigation
[22]. The remaining 5 studies either used a stepwise approach to modelling, selected
covariates on the basis of univariate associations with POCD, or included all available risk
factor variables in their respective model. Of note, one study with three month follow-up
adjusted for POCD at one week after surgery [40] to counteract possible confounding by
delirium during the time period immediately following surgery.

No studies were found that related blood glucose levels in the non-diabetic range or a prior
history of hypoglycemia with risk of POCD.

Findings of included studies, meta-analysis and subgroup analyses: Diabetes status
Individual and pooled effect sizes of the 13 studies that assessed diabetes status and risk of
POCD are shown in Figure 2. When the results were pooled across studies in a fixed-effects
meta-analysis, diabetes was associated with a 26% increased risk of POCD (RR 1.26; 95% CI
1.12, 1.42; p<0.001), though statistical heterogeneity among the studies was indicated (chi’
(12) = 31.94; p<0.001; 1’=62%). Visual inspection of the funnel plot and Egger’s regression
analysis (p=0.346) suggested no evidence of publication bias (see Figure 3). Findings were
similar when the analysis was repeated using a random-effects model (RR 1.39; 95% CI 1.09,
1.78; p=0.008).

Results of subgroup analyses that explored potential sources of heterogeneity and their
contribution to the overall pooled effects in further fixed-effects models are summarized in
Figure 4; details of studies included in each subgroup analysis and I indices of heterogeneity
are shown as Online Supplemental Data. Pooled effects were larger in studies with follow-up
period >1 month (RR 1.65; 95% CI 1.35, 2.01; 1’=65%) compared with a statistically non-
significant associations found for studies with <1 month follow-up (RR 1.10; 95% CI 0.95,
1.27; P=42%; meta-regression p=0.009; see Supplemental Figure S1) though statistical
heterogeneity was substantial in this subgroup (I’=65%). Sample size <100 was associated
with a significantly larger pooled effect (RR 1.72; 95% CI 1.36, 2.17; ’=31%) compared
with studies of >100 patients (RR 1.14; 95% CI 1.00, 1.30; 12:57%; meta-regression
p=0.012; see Supplemental Figure S2). Pooled effects across studies with mean sample age
>65 years (RR 1.74; 95% CI 1.35, 2.24; ’=26%) were larger compared with studies with
mean sample age <65 years which again were affected by a substantial degree of
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heterogeneity (RR 1.20; 95% CI 1.04, 1.39; 12:65%; meta-regression p=0.032; see
Supplemental Figure S3). However, sensitivity analyses showed that the difference in pooled
effects between studies with mean age >65 versus <65 years appeared to be driven by a single
study in the <65 years group [38] (see Supplemental Table S1). Neither proportion of males
nor surgery type were significant moderators of the association diabetes with risk of POCD
(all meta-regression p>0.05; subgroup |5 range 0% to 72%; see Supplemental Figures S4,
S5).

Findings of included studies: Glycemic control in patients with diabetes

A single study assessed risk of POCD according to glycemic control in a sample consisting
entirely of older patients with diabetes [31]. The study found that pre-surgery HbAlc
predicted patients’ risk of POCD: Independent of diabetic retinopathy or insulin therapy, each
% unit increase in HbAlc at baseline was associated with a two-fold increased risk of POCD
defined as declines of >1SD on at least 2 of 6 cognitive tests between pre-surgery assessment
and 6-month follow-up (RR 2.0; 95% CI 1.4, 2.6). The sample mean of HbAlc was within
the diabetic range (mean 6.9%) with a relatively modest standard deviation (SD 1.6).

Discussion

The results of our systematic review and meta-analysis suggest that middle-aged to older
adults with diabetes are overall at 26% increased risk of POCD compared with diabetes-free
patients though overall moderate statistical heterogeneity between included studies as well as
substantial heterogeneity in terms of study designs and sample characteristics was indicated.
The association of diabetes with POCD risk appeared to be driven mainly by studies with
relatively longer follow-up periods. We assume that publication bias likely accounts for the
observation of a larger effect size in smaller samples. Among patients with diabetes, our
findings suggest that the risk of POCD may increase with poorer glycemic control, as
indexed by higher HbAlc concentrations. No study was identified on either chronic
hyperglycemia in the non-diabetic range or on a prior history of hypoglycemic episodes as
predictors of POCD, and so further research in this direction is urgently needed.

The evidence presented here extends the relatively well-established role of hyperglycemia in
age-related cognitive impairment. Diabetes is thought to increase the risk of dementia and
mild cognitive impairment (MCI), as well as an accelerated cognitive decline in the
dementia-free range [11, 12]. It has further been linked to an increased risk of post-operative
delirium [41] — a condition that despite differences in etiology and disease course is strongly
related to POCD [42]. Previous review articles on predictors of POCD have often followed a
narrative rather than systematic approach, and have not considered glycemia in any detail [1,
43, 44]. A single systematic review has investigated diabetes as a potential risk factor for
POCD, but concluded that diabetes was unrelated to POCD [45]. Reasons for disparity from
the present findings are difficult to evaluate, as no analysis details were provided in that
article, but we assume it is due to a discrepancy in inclusion criteria. In the present analysis,
we speculate that true effect sizes for the association of diabetes and POCD may have been
underestimated: diabetes status was presumably often ascertained through self-report so that
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(as the condition frequently remains undiagnosed [46]), patients with undiagnosed diabetes
may have been included in the respective ‘no diabetes’ groups. With hyperglycemia as a
continuum and arbitrary cut-off values for diabetes diagnosis, similar prediction of POCD
risk by higher blood glucose levels in the non-diabetic range and by poorer glycemic control
in diabetes would be plausible. Our finding of an increased risk in patients with diabetes who
have higher HbAlc concentrations (albeit based on a single investigation [31]) indeed finds
support in poorer glycemic control as a risk factor for age-related cognitive impairment in
patients with diabetes [14, 47].

Associations of chronic hyperglycemia with POCD are likely to involve pathways similar to
those that link it with age-related cognitive impairment in the general population (for review,
see [48]). Glucose-induced formation of advanced glycation endproducts (AGE), which
following a reaction with specific cell surface receptors (RAGE) result in neurodegeneration
and atherogenesis [49], for instance, predicts cognitive decline in older age [50]. It may be
the case that the insult of surgery increases the vulnerability of patients with diabetes to such
underlying neuropathological changes, resulting in a higher impact of surgery on cognitive
function in patients with diabetes compared with non-diabetic patients.

Confounding by sociodemographic and clinical risk factors is also possible, however, and in
fact casts doubt on the role of causality in the association of diabetes with age-related
cognitive impairment. For instance, some evidence suggests that a lower pre-morbid ability in
young adulthood predisposes people both to diabetes and to cognitive impairment in older
age [S1]. Such links may render the diabetes-cognitive impairment association — potentially
including that with POCD — partly or entirely spurious. Clinical factors, such as co-morbidity
or exposure to vascular risk, also likely affected the present results given that few of the
included studies applied adjustment for such factors. Readers should therefore be aware that
the increased risk of POCD in patients with diabetes or poorer glycemic control may be
driven partly or entirely by other factors that were not considered by the individual included
studies.

Cognitive impairment is generating huge economic costs and an understanding of its etiology
is needed to intervene disease risk and disease progression. Identification of risk factors
predisposing patients to the type of impairment that occurs after surgery provides a step
toward that goal. The present observation of diabetes as increasing the risk of cognitive
impairment following surgery is certainly alarming in light of the current diabetes epidemic.
From a clinical perspective, our findings may help optimize screening systems for POCD. Its
systematic approach and inclusion criteria that permitted any operationalization of POCD are
strengths of the present review. Our findings are limited by heterogeneity between included
studies. Due to individual differences in trajectories of POCD [52], heterogeneity
particularly in terms of length of follow-up complicated cross-study comparison. Studies with
brief follow-ups may have captured effects of delirium on cognitive scores, though survival
of an association of diabetes with POCD at three-month follow-up following adjustment for
POCD at one week in one study [40] as well as the fact that overall pooled effects were
driven by studies with follow-up >1 month speaks against a major influence of this factor.
The meta-regression analyses presented here are to be interpreted with caution in view of the
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fact that five potential sources of heterogeneity were investigated across a small number of
included studies. With between-study differences in the operationalization of POCD, we are
also unable to meaningfully translate the pooled risk estimate to recommendations for clinical
practice.

Finally, we cannot rule out that investigations were missed due to exploratory designs of
studies and/or failure to report on any predictors that were not associated with POCD, due to
our search which was restricted to only two of the main databases of medical research, or due
to our focus on English-language articles. However, in support of our findings, three
excluded Chinese-language articles reported associations of diabetes with POCD at 7 days
after surgery in their abstracts, and all three found a statistically significantly increased risk in
patients with diabetes (RR 1.62 to RR 4.22 where reported) [53-55]. We are thus relatively
confident that our language restriction did not skew findings toward statistical significance.

Further epidemiological studies that consider potential confounders including intra-operative
glycemic control in their analyses are needed to evaluate the present preliminary findings.
With evidence for an increased risk of POCD in insulin-treated patients [31, 34], attempts
should also be made to tease out the role of endogenous insulin levels and/or insulin therapy
in the relationship of diabetes and POCD risk, while considering potential effects of
hypoglycemia. A prior history of hypoglycemic episodes in patients with diabetes has
previously been associated with an increased risk of age-related cognitive impairment [15-17]
and so its potential contribution to POCD risk as well as to associations of diabetes with
POCD risk should be clarified. A lower cognitive capacity has been implicated as a risk
factor for hypoglycemia [15, 56], and so risk of exposure to subsequent hypoglycemia in
patients who experience POCD, too, could be explored.

In this systematic review and meta-analysis, we found that people with diabetes appear to be
at increased risk of developing cognitive dysfunction following surgery. Among these
patients, the risk of cognitive dysfunction may further increase with higher HbAlc. Though
additional research is needed in this field, our findings suggest that routine testing for
diabetes and assessment of HbAlc levels among patients with diabetes prior to surgery may
be indicated for risk assessment of POCD.
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Table 1: Summary of included studies on diabetes status or glvcemic control and POCD

Author, year, | Total N | N %o Type of | Mean Follow- Cognitive Definition of POCD/ | Diabetes Adjustment Exposure association | STROBE
location enrolled completed | male surgery, baseline age | up measurement proportion of | exposure variables with POCD reporting
in study follow-up anesthesia | £SD patients with POCD quality
score
Studies on glycemic control and POCD in people with diabetes
Kadoi et al | 129 124 80 CABG. 61+6 6 Rey Auditory | POCD  defined as | All patients | Diabetic RR 2.0 (95% CI 1.4, 2.6). 13/22
(2011) years months Verbal Learning; | decline of >1SD on > | diagnosed with | retinopathy,
Japan. General Trail-Making 2 of 6 cognitive tests. diabetes. insulin therapy.
anesthesia. Tests A and B;
Digit Span | POCD in n=30/124 | HbAlc mean
Forward; Grooved | (24.2%). 69% =+ 1.6
Pegboard; MMSE. (N=124).
Studies on diabetes status and POCD
Di Carlo et al | 123 110 71 CPB. 64+9 6 Randt  Memory | Consensus rating of | Diabetes None. RR 0.40 (95% CI 0.05, | 19/22
(2001) years months Test; Token Test; | patients as | diagnosis 2.99).
General naming test; test | ‘unchanged/ (n=23/110;
Italy. anesthesia. of abstract | improved’, ‘mildly or | 20.9%).
thinking; MMSE. moderately
deteriorated’ or
‘severely deteriorated’
by 2 neuro-
psychologists.

POCD  defined as
‘severely deteriorated’
(n=10/110; 9.1%)
Versus ‘unchanged/
improved’ (n=22/110;
20.0%) for purpose of
present analysis.

Suksompong et al. | 110 110 76 CABG. 62+8 3 to 5 | Thai Mental State | POCD defined as | Diabetes Age, sex, total of | RR 1.26 (95% CI 048, | 14/22
(2002) years days Exam. decline of >1SD on | diagnosis 16 clinical factors. 3.32).

General cognitive test. (n unreported).
Thailand. anesthesia.

POCD in n=20/110
(18.2%) of patients.

Heyer et al | 75 75 61 Carotid 69+9 1 month | Boston Naming | POCD defined as sum | Diabetes Age, BMI, | RR 51.42 (95% CI 1.94, | 17/22
(2005) endarter- years Test; Halstead- | total deficit score of | diagnosis APOEe4. 1363).

ectomy. Reitan Trails A | >7. (n=19/75;
USA. and B; Controlled 25.3%).

General Oral Word | POCD in n=8/75

anesthesia. Association Test; | (10.7%).

Rey Complex
Figure Test.

Calculation of
RCT* for each test.

RCI scores used to

derive ‘total
deficit score’
according to point
system (score

This article is protected by copyright. All rights reserved.



range 0-6 for each
test). Total deficit
score summed
across tests.

Control group
n=46.
Kadoi & Goto | 95 88 80 CABG. 62+ 11years | 6 Rey Auditory | Definition of POCD | Diabetes None. RR1.8(95%CI1.2,2.4) 11/22
(2006) months Verbal Learning | unclear. diagnosis
General Test; Trail- (n= 21/88;
Japan. anesthesia. Making Tests A | POCD in n=24/88 | 23.9%).

and B; Digit Span | (27.3%).
Forward; Grooved
Pegboard; MMSE.

Wilson et al [ 22° 21° 76 Carotid 69+ 8 1 day Boston  Naming | POCD defined as total | Diabetes None. RR 1.48 (95% CI 0.78, | 16/22
(2008) endarter- years Test; Halstead- | deficit score 2>2SD | diagnosis 2.82).
ectomy. Reitan Trails A | mean change in total | (n=3/21;
USA. and B; Controlled | deficit score of control | 14.3%).
General Oral Word | group.
anesthesia. Association Test;
Rey Complex | POCD in n=6/21
Figure Test. (28.6%).
For each test,
calculation of
RCT.

RCI used to derive
‘total deficit
score’  according
to point system
(score range 0-6
for each test).
Total deficit score
summed across

tests.

Control group

n=20.
Dieleman et al. | 281 240 73 CABG. 61+9 5 years Ten neuro- | POCD defined as a | Diabetes None. RR 1.39 (95% CI 090, | 17/22
(2009) years psychological composite RCI <-1.96 | diagnosis 2.14)

Anesthesia tests of motor | and/or RCI <-1.96 in (n=31/240;

Netherlands. unreported skill, memory, | >2 cognitive tests, or | 12.9%).

attention, dementia diagnosis or

visuospatial stroke during follow-

ability, up.

information

processing.. POCD in n=82/240

(34.2%).

For each test,

calculation of

RCI*.and

composite

RCI.Control group

n=112.
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Liu et al. (2009) 227 169 90 CABG. 618 3 Mental  Control | POCD defined as RCI | Diabetes Age, CPB during | RR 3.024 (95% CI 1.040, 18/22
years months Test; Visual | >2 on cognitive tests | diagnosis surgery, POCD at | 8.791).
China. General Retention  Test; | and/or composite RCI | (nunreported). 1 week follow-up.
anesthesia. Paired-associates >1.96, or death or
Verbal Learning; | stroke during follow-
Digit Span; Digit | up.
Symbol Test;
Trail-Making Test | POCD in n=19/169
A; Grooved | (11.2%).
Pegboard
dominant and non-
dominant hand. .
For each test,
calculation of
RCI* and
composite RCL
McDonagh et al 394 350 50° Vascular, 68 + 8 1.5 Randt Memory | POCD  defined as | Diabetes Age, education, | RR 2.34 (95% CI 1.22, 20/22
(2010) thoracic, years® months Test; Digit Span; | decline of >1SD on at | diagnosis® surgery type, | 4.51).
major Modified Visual | least 1 of 4 cognitive | (n=63/394; anesthesia  type,
USA. orthopedic Reproduction domains. 16%). sex, age X
surgery. Test; Digit APOFe4
Symbol Test; | POCD in n=190/350 interaction.
General or Trail-Making Test | (54.3%).
regional B overall yielding
anesthesia. 10 scores.
Factor analysis to
obtain scores on
four cognitive
domains.
Evered et al | 644 443 63 Coronary 68 + 8 years 7 days Auditory Verbal | POCD defined as RCI | Diabetes Age, BMI, hyper- | RR 1.52 (95% CI 0.89, | 16/22
(2011) angio- Learning Test; | <1.96 on >2 tests | diagnosis cholesterolemia, 2.59).
graphy, Digit Symbol | and/or composite RCI | (n=134/644; beta blockers,
Australia. CABG, Test; Trail- | <-1.96. 20.8%). statins, PAD, MI,
total  hip Making Test A type of surgery.
replace- and B; Controlled | POCD in n=150/443
ment Oral Word | (33.9%).
surgery. Association Test;
verbal fluency;
Local, Grooved Pegboard
spinal  or dominant and non-
general dominant hand.
anesthesia.

For each test,

calculation of
RCT.
To obtain

composite  RCI,
RCI summed
across tests and
divided by SD of
RCI  sum  of
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controls.

Control group
n=34.
Medi et al. (2013) 150 120 72 Radio- 56 + 11 years 3 Auditory  Verbal | POCD defined as RCI | Diabetes None. RR 0.2 (95% CI 0.03, | 15/22
frequency months Learning Test; | <1.96 on >2 tests | diagnosis 0.79).
Australia. ablation Trail-Making and/or composite RCI | (n=9/120;
for atrial Tests A and B; | <-1.96. 7.5%).
fibrillation. Digit Symbol
Test; Controlled | POCD in n=15/120
General Oral Word | (12.5%).
anesthesia. Association Test;
verbal fluency
(semantic);

Grooved Pegboard
dominant and non-
dominant hand.

For each test,

calculation of
RCI..
To obtain

composite  RCI,
RCI summed
across tests and
divided by SD of
RCI  sum  of

controls.
Control group
n=30.
Joudi et al. (2014) 171 171 Unrep | CABG. 64 + 10 years 1 day MMSE. Unclear definition of | Diabetes None. RR 1.07 (95% CI 090, | 13/22
Iran. orted. POCD. diagnosis 1.27).
General (n=53/171;
anesthesia. POCD in 129/171 31.0%).
(75.4%).
Pérez-Belmonte et | 36 36 69 CABG. 66+ 1 12 Trail-Making POCD  defined as | Diabetes None. RR 1.7 (95% CI 1.1, 2.5). 11/22
al. (2015) years months Test; Stroop Test; | percentile ranks of | diagnosis
Selective scores <18% on >1 (n=19/36;
Spain. Anesthesia Reminding Test; | test. 52.8%).
unreported verbal fluency
(semantic, POCD in n=11/36
phonological); (30.6%).
Judgment of Line
Orientation Test.
Scores for each
patient converted
to norm-compared
reference  scores
(adjusted for age,
education).
Heyer et al. 662 585 65 Carotid 34.4% 275 1 day Unclear number of | POCD defined as >2 Diabetes None. RR 0.92 (95% CI 0.64, 17/22
(2015) endarter- years old neuro- SD worse | diagnosis 1.31).
ectomy. psychological performance on  >2 | (n=125/585;
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USA. tests of  four | cognitive domains | 21.4%).

General cognitive and/or >1.5 SD worse
anesthesia. domains. performance on all 4
cognitive domains.
Calculation of
RCT POCD in n=145/585
Control group | (24.8%).
n=156.

All data refer to analysis sample that completed follow-up, unless otherwise indicated. BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CPB, cardiopulmonary bypass;
MI, myocardial .infarction; MMSE, Mini Mental State Examination; PAD, peripheral arterial disease; RCI, reliable change index; RR, relative risk; SD, standard deviation; STROBE, Strengthening the Reporting of
Observational Studies in Epidemiology.

*formula for Reliable Change Index (RCI) (often referred to as ‘z-score’): RCI = (change score of patient — change score of control group)/SD of change score of control group.

“based on total sample enrolled into study (data on analysis sample completing follow-up unreported).

°N uncertain based on article.
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N=237 articles with English
abstracts identified in search;
screening of abstracts

N=206 did not meet

> inclusion criteria
¥
N=31 articles obtained for
assessment of full texts against
inclusion criteria N=20 did not meet inclusion
criteria:
N=9 articles -insuff. statistical detail N=9
identified from -not on research question n=4

reference lists/ -no cognitive assessment n=3
independent search -on delirium n=2

-diabetic sample w/o glycemic
controldata n=1
-commentn=1

N=6 excluded due to
y - duplicate reporting

N=14 included in review

L 2
N=1 on HbA1c in

patients with
diabetes

N=13 on diagnosis of
diabetes

Figure 1: Results of systematic search

This article is protected by copyright. All rights reserved.



Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% Cl

Di Carlo etal. -0.9076 1.0218 0.3% 0.401[0.08, 2.99] 2001 |

Suksompong et al. 0.2311 0.45924  1.5% 1.26[0.48,3.31] 2002 [ E—

Heyer et al. {2005) 394 16721 0% 51.42[1.94,1362.74] 2004 _—

Kadoi & Goto 0.859 01718 12.0% 1.751[1.25, 2.43] 2006 —_

Wilson etal. 03812 03285  3.3% 1.48[0.78,2.82] 2007 T

Dieleman et al. 03279 02416 7.1% 1.39100.90,2.14] 2009 T

Liuetal. 1.1066 0.5446  1.2% 3.02[1.04,8.79] 2009

McDonagh et al. 0.8502 0.3323 3.1% 2.34[1.22, 4.48] 2010 I

Evered et al. 0.4187 02731 48% 1.52[0.89, 2.60] 2011 T

Mediet al, -1.8711 0.8344  05% 0.151[0.03,0.79] 2013 e —

Joudietal. 0.069 00884 454% 1.07[0.90,1.27] 2014 L g

Pérez-Belmante etal. 05306 01906  9.8% 170117, 2.47] 2015 -

Heyer et al. (2015) -0.0834 01815 108% 0.82[0.64,1.31] 2015 —T

Total (95% CI) 100.0% 1.26[1.12,1.42] ¢

Heterogeneity: Chif=31.94, df=12 (P= 0001}, F=62% f f ; |

Testfor overall effect: 7= 3.93 (P = 0.0001) o o1 -~ ) 1_0 1o
Reduced risk of POCD Increased risk of POCD

Figure 2: Forrest plot for fixed-effects meta-analysis of diabetes and risk of POCD. Disparity
in decimal places of confidence intervals compared with original reporting (0.01 to 0.02) [21,

22,31, 38] presumably due to rounding.
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Figure 3: Funnel plot for meta-analysis of diabetes and risk of POCD
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A Follow-up <1 month (N=6) (RR 1.10, 85% CI 0.95, 1.27)

L p=0.009

Follow-up >1 month (N=7) (RR 1.65, 95% CI 1.35, 2.01) <
Sample size >100 (N=9) (RR 1.14, 95% Cl 1.00, 1.30) <
B p=0.012
Sample size €100 (N=4) (RR 1.72, 95% Cl 1.36, 2.17) >
CSampIe age* >65 years (N=5) (RR 1.74, 95% CI 1.35, 2.24) <
=0.032
Sample age* <65 years (N=7) (RR 1.20, 95% CI 1.04, 1.39) o P
Cardiacsurgery (N=8) (RR 1.26, 95% CI 1.10, 1.43) <
p=0.362
DNon-cardiacsurgery (N=3) (RR 1.06, 95% Cl 0.78, 1.45) <

Mixed surgery type (N=2) (RR 1.81, 95% Cl 1.20, 2.74)

=0.138 0138
- P

>75% males*® (N=4) (RR 1.71, 95% Cl 1.30, 2.26) -
E p=0.179
<75% males* (N=8) (RR 1.34, 95% Cl 1.10, 1.62) >
F Pooled (N=13) (RR 1.26, 95% Cl 1.12, 1.42) *
0.1 0.2 2 5 10

Reduced risk of POCD

Increased risk of POCD

Figure 4: Diabetes and risk of POCD in subgroup analyses according to follow-up period (A),
sample size (B), mean sample age (C), surgery type (D) and sex (E), and across all studies
(F). P-values are shown for meta-regression analyses to determine contribution of study
characteristics to overall pooled estimates. All results are from fixed-effects models. *data

missing for N=1 study.
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