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Background: Delirium is associated with an increased risk of incident dementia and
accelerated progression of existing cognitive symptoms. Reciprocally, dementia increases the
risk of delirium. Cerebrospinal fluid (CSF) concentration of the dendritic protein neurogranin
has been shown to increase in early Alzheimer’s disease (AD), likely reflecting synaptic
dysfunction and/or degeneration.

Objectives: To elucidate the involvement of synaptic dysfunction in delirium
pathophysiology, we tested the association between CSF neurogranin concentration and
delirium in hip fracture patients with different AD-biomarker profiles, while comparing them
to cognitively unimpaired older adults (CUA) and AD patients.

Methods: The cohort included hip fracture patients with (n=70) and without delirium (n=58),
CUA undergoing elective surgery (n=127) and AD patients (n=46). CSF was collected
preoperatively and diagnostically in surgery and AD patients respectively. CSF neurogranin
concentrations were analyzed in all samples with an in-house ELISA. Delirium was assessed
pre-and postoperatively in hip fracture patients by trained investigators using the Confusion
Assessment Method. Hip fracture patients were further stratified based on pre-fracture
dementia status, delirium subtype and AD fluid biomarkers.

Results: No association was found between delirium and CSF neurogranin concentration
(main analysis: delirium vs no delirium, p=0.68). Hip fracture patients had lower CSF
neurogranin concentration than AD patients (p=0.001) and CUA (p=0.035) in age-adjusted
sensitivity analyses.

Conclusion: The findings suggest that delirium is not associated with increased CSF
neurogranin concentration in hip fracture patients, possibly due to advanced
neurodegenerative disease and age and/or because synaptic degeneration is not an important

pathophysiological process in delirium.
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INTRODUCTION

Delirium is a severe neuropsychiatric syndrome characterized by acute disturbances in
attention, awareness and cognition. It affects up to 50% of hospitalized older adults [1], and
arises as a result of a medical condition or substance intoxication or withdrawal [2]. Cognitive
impairment due to underlying neurodegenerative disorders (NDD) is a major risk factor [3, 4].
Serious deleterious outcomes are associated with delirium, including incident dementia and
acceleration of existing cognitive symptoms and dementia [5-8]. The underlying
pathophysiology of delirium is poorly understood. In recent years, biomarkers of importance
in NDD have been explored in relation to delirium pathophysiology, suggesting a bilateral

relationship between delirium and NDD [9-11].

Regulation of synaptic signaling is essential for the coordinated relay of information in the
brain. Reduced synaptic density and efficacy has been linked to several NDD. For instance, in
the early phases of Alzheimer’s disease (AD), cognitive impairment has been associated with
hippocampal synaptic dysfunction, prior to definite neuronal cell death [12]. Jarquin-Valdivia
and Major hypothesize that synaptic disruptions, and particularly changes in Hebbian Spike-
timing-dependent plasticity, are key pathological etiologies in both delirium and
neurodegenerative disease [13]. An experimental mouse study showed that increasing axonal
and synaptic pathology were associated with a higher risk of acute cognitive impairment, as
seen in delirium [14], but no further synaptic degeneration was observed following the
episode of acute cognitive impairment. This suggests that synaptic degeneration may be
involved in delirium, but that the pathophysiological mechanisms causing delirium do not
aggravate synaptic degeneration. As proposed by Maldonado, neurobehavioral symptoms of
delirium may be explained by a temporary breakdown of functional integration between

connected brain systems, resulting in pathological signaling and altered neurotransmitter
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homeostasis, which may further trigger neurotoxic signaling with ensuing neuronal apoptosis,

leading to long-term cognitive symptoms [15].

Neurogranin is a postsynaptic protein which has a central role in long-term potentiation
through regulation of calmodulin availability [16]. It is expressed mainly in neurons in the
hippocampus, associative cortex and amygdala, which are main brain areas affected by
pathological changes in AD [17]. Studies have shown that neurogranin expression may be
regulated through synaptic activity in hippocampal cell cultures [18] and decreases with age
in mouse models [19]. At autopsy, neurogranin concentrations in the frontal cortex and
hippocampus are lower in AD patients, likely reflecting reduced synaptic density [20]. In
cerebrospinal fluid (CSF), neurogranin concentration increases from the early asymptomatic
stages of AD [21-23] and predicts cognitive decline [24] and increased brain atrophy in early
AD and mild cognitive impairment [23]. The increase may indicate ongoing synaptic loss
and/or dysfunction with leakage to the CSF. The topographical distribution of neurogranin in
the brain may explain that changes in neurogranin appear to be specific for AD [21] and
Creutzfeldt-Jacobs disease [25]. These areas include neuroanatomical structures that are likely
involved in delirium [14]. Alternatively, there may be increased neurogranin release from
AD-affected neurons, possibly in response to AP pathology, by similar mechanisms as
proposed for the AD-specific increase in cerebrospinal fluid (CSF) phosphorylated tau (p-tau)

and total tau (t-tau) protein concentration [26].

To our knowledge, the relationship between delirium and neurogranin, as a biomarker of
postsynaptic integrity, has never been studied. We hypothesized that increased levels of CSF

neurogranin were associated with delirium in hip fracture patients (figure 1), either as a
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marker of the processes causing delirium and/or contributing to the patient’s vulnerability to
delirium.

[Figure 1 — Graphical abstract]

Our main study population consisted of demented and non-demented hip fracture patients
with and without delirium. We chose this patient group because the prevalence of delirium is
high in these patients and extraction of CSF may be coupled with the onset of spinal
anesthesia. We performed subgroup analysis based on dementia status and core AD
biomarkers - since dementia is a main risk factor for delirium, and time of delirium onset — to
better untangle the pathophysiological implications of a possible association between delirium
and neurogranin. Two contrast groups were included: AD patients and CUA, to help
dissociate changes in CSF neurogranin concentration due to delirium, from changes related to

AD in the hip fracture population.

METHOD:

Cohorts

Hip fracture cohort

Patients with hip fractures (n=332) were enrolled in the Oslo Orthogeriatrics Trial, a
randomized controlled trial evaluating the effect of orthogeriatric care on cognitive function,
at Oslo University Hospital from September 2009 to January 2012, as described previously
[27, 28]. Patients with terminal illness or high-energy trauma were excluded. The

orthogeriatric intervention did not influence delirium incidence [27] and all participants were
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assembled in the present study. 130 participants had available CSF, of which two were

excluded due to missing delirium status, yielding a final sample of 128 hip fracture patients.

The presence of delirium was assessed daily by trained investigators in all participants
preoperatively and until the fifth postoperative day (all) or discharge (patients with delirium),
using the Confusion Assessment Method (CAM) [29]. The study physician or study nurse
scored CAM based on a 10- to 30-minute interview with participants and information from
relatives, nurses and hospital records. Delirium status was defined as a binary variable
(delirium/no delirium). The group without delirium consisted of patients who did not develop
delirium at any time point during the study. In our main analysis (delirium vs no delirium),
patients with subsyndromal delirium (SSD), were included in the no delirium group. SSD was
defined as fulfilling at least two, but not all required CAM criteria for the full syndrome.
Within the group with delirium, participants were classified as having preoperative or incident
delirium, depending on the time of delirium onset. Delirium severity was evaluated using The

Memorial Delirium Assessment Scale (MDAS) [30].

One geriatrician and one old age psychiatrist independently evaluated whether participants
met the ICD-10 criteria for dementia prior to the fracture, based on all prevailing data at
baseline and 12-month follow-up (except delirium status during admission), including the
Informant Questionnaire on Cognitive decline in the Elderly (IQCODE) and hospital records.
The inter-rater consensus agreement upon the dementia diagnosis was acceptable (kappa 0.87)

and disagreements were resolved through discussion.

Control group of cognitively unimpaired older adults (CUA)
The control group included 172 patients admitted for elective gynecological, orthopedic or

urological surgery in spinal anesthesia, aged 65 years or older the year of inclusion, who were
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recruited to the COGNORM-study from 2012-2013 at Oslo University Hospital and
Diakonhjemmet Hospital, Oslo, as previously described [31]. Exclusion criteria were
dementia, previous stroke with sequelae, Parkinson’s disease and other acknowledged or
suspected brain disease likely to influence cognition. Participants were assessed with
cognitive tests prior to surgery to assure the absence of cognitive impairment, as described
elsewhere [31]. Participants with a baseline Mini Mental Status Examination score [32] of
<28 (n=16) or suspected undiagnosed dementia (based on test scores and clinical data) with
referral to a memory clinic by a geriatrician during six years of follow-up (n=14) were
excluded. Furthermore, 15 participants did not have available CSF samples. All patients were
free from delirium at the time of CSF sampling, based on the cognitive tests prior to surgery.
In addition, we examined case notes (all sections) to confirm that no patients had developed
delirium in the time from cognitive testing to the day of surgery (mean 11 days). The final

sample consisted of 127 CUA.

Contrast group of patients with Alzheimer’s disease

The Norwegian Registry of Persons Assessed for Cognitive Symptoms (NorCog) is a consent-
based national registry and contains clinical data for patients referred for examination of
dementia in outpatient clinics [33]. The patients go through cognitive testing and tests of
physical function, and blood tests and a MRI/CT of the brain are performed, as previously
described [33, 34]. As a contrast group of patients with AD, 46 patients enrolled in NorCog at
Oslo University Hospital from 2009 to 2012, fulfilling the core clinical NIAA-criteria for
probable anamnestic AD dementia [35] were eligible for analyses of neurogranin in the CSF.
Cut-offs used for CSF AD-biomarkers were as follows: amyloid B (AP42)<700 pg/mL, p-

tau >80 pg/mL and t-tau >300 (age <50 years), >450 (50-70 years) and > 500 (>70 years)

pg/mL[34].
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CSF Sampling and biochemical analyses

Hip fracture patients and CUA

Cerebrospinal fluid (CSF) was collected in propylene tubes in conjunction with and prior to
administration of spinal anesthesia in both surgical cohorts. CSF samples were centrifuged,
aliquoted and stored at — 80° C, as previously described [31, 36]. Samples were sent on dry
ice for analyses at the Clinical Neurochemistry Laboratory at Sahlgrenska University Hospital
(MoélIndal, Sweden). CSF AD biomarkers (APa4z, p-tau and t-tau) were determined using
INNOTEST enzyme-linked immunosorbent assays (ELISA; Fujirebio, Ghent, Belgium) by

board-certified laboratory technicians masked to clinical data.

AD patients

Lumbar punctures were performed before 11 am. CSF was collected in cryotubes and
centrifuged, as previously described [34]. Samples were frozen overnight at -20°C or sent the
same day to the laboratory at Akershus University Hospital (AHUS) for analysis of CSF AD
biomarkers. CSF AD biomarkers were analyzed with the INNOTEST enzyme-linked
immunosorbent assays (ELISA; Fujirebio, Ghent, Belgium). Due to inter-lab variation,
different cut-off levels or AD biomarkers are in use at the different laboratories [34, 37] and
AD biomarkers measured in the AD-cohort were not directly comparable to measurements in
the surgical cohorts. Frozen samples of CSF (-80°C) were later sent on dry ice to Sahlgrenska

University Hospital for analysis of neurogranin.

For all three cohorts, CSF neurogranin was measured using in-house ELISA, based on the
NG2 and NG36 antibodies, as described previously in detail [38]. All analyses were

performed by board-certified laboratory technicians, who were blinded to the clinical



220 information, at the Clinical Neurochemistry Lab, Sahlgrenska University Hospital, MéIndal,
221 Sweden. Samples were run as duplicate measures, using the same batch of reagents, and

222 following strict criteria for run acceptance. CVs were 5.0% for the duplicate measures.

223

224  Statistical methods

225  Data in either cohort were not normally distributed and fit to the normal distribution did not
226 improve with transformation. Continuous variables were analyzed using Mann-Whitney U
227  testand Kruskal-Wallis. Correlations were calculated with Spearman’s p. Categorical

228  variables were analyzed using Chi square ()?) statistics. Post-hoc linear regression analyses
229  were performed adjusting for age.

230  Inthe hip fracture cohort:

231  First, data from the hip fracture cohort were analyzed depending on delirium status (delirium
232 yes/no), delirium subgroups (no delirium/ SSD/ preoperative delirium/ incident delirium) and
233 delirium severity (MDAS). Subsequently, we tested for an association between dementia and
234 neurogranin levels in the hip fracture patients. Subgroup analysis were performed on the hip
235  fracture patients based on pre-fracture dementia status and on CSF AD biomarkers (A2,
236 total tau (t-tau) and phosphorylated tau (p-tau)) according to the A/T/N classification [39].
237  The following cutoff points were applied to assess the presence of amyloid pathology A+<

238 AP42 530 pg/mL <A-, aggregation of phosphorylated tau T+> p-tau 60 pg/mL = T- and

239  neurodegeneration N+> t-tau 350 pg/mL =N-, as established for the laboratory [37].

240  Comparisons between cohorts and correlation with age: Finally, comparisons between the
241  hip fracture population and the control groups were performed, with sensitivity analyses
242 according to dementia status within the hip fracture cohort. Due to the age-difference

243 between the cohorts and the evidence suggesting age-associated changes in neurogranin
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expression, we analyzed whether CSF neurogranin correlated with age, and reported age-

adjusted analyses.

All statistical analyses were performed using SPSS Statistics version 26 (IBM, Armonk, NY,

USA). Graphs were designed using GraphPad Prism 8 (https://www.graphpad.com/scientific-

software/prism/).

Ethical standards

The study was conducted in accordance with the World Medical association Declaration of
Helsinki. The data and CSF samples were collected after informed and written consent from
the patient and/or proxy (if patients were unable to consent due to cognitive impairment), as
approved by the Regional Committee for Medical and Health Research Ethics (South-East

Norway; REK 2009/450; REK 2011/2052 and REK 2017/371).

RESULTS

Demographic characteristics

The hip fracture patients were older than the CUA and AD patients, and female participants
were overrepresented in the hip fracture cohort compared to CUA (see table 1 55% (n=70) of
all hip fracture patients had delirium. 74 % (n=52) of patients with delirium had dementia,
whereas only 17% (n=10) of patients without delirium had dementia. . Median [IQR]
IQCODE among the hip fracture patients with dementia (n=61, 1 missing) was 4.75 [4.3-5.0]
and was significantly higher than in the AD patient group (8 missing, 3.7 [3.5-4.1], p<0.001),
reflecting advanced stages of dementia among hip fracture patients. Core AD biomarkers have

previously been reported for the hip fracture cohort [40].
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A positive correlation (p=0.20, p=0.022) was found between age and CSF neurogranin, but

only in CUA (hip fracture patients p=0.077, p=0.39, AD patients p=-0.14, p=0.057).

[Table 1 - Population demographics and biomarkers]

Hip fracture patients
Association between neurogranin and delirium/dementia status
Main analyses:

No difference in CSF neurogranin concentration was found between patients with and
without delirium (median [IQR] 201 [150,248] vs 197 [146,235]; p=0.68, table 1, figure 2).
No correlation was detected between delirium severity and CSF neurogranin concentration
(p=-0.075, p=0.47). Adjusting for age did not alter any of the findings significantly.

[Figure 2 CSF neurogranin concentration in hip fracture patients with and without delirium.]

Sensitivity analyses:

Neurogranin in delirium subtypes: We further explored whether preoperative vs incident
delirium or presence/absence of symptoms at any time (preoperative delirium vs incident
delirium vs SSD vs no delirium ever) affected neurogranin concentration at time of sampling.
No differences were found between the four subgroups of delirium (nodelirium (excluding
SSD), SSD, preoperative delirium and incident delirium (x>~ 0.185, p=0.98, df=3). Adjusting
for age did not alter the findings significantly.

Neurogranin and delirium depending on dementia status:

Dementia being a major risk factor for delirium [4], we repeated the analyses stratified on
dementia status. No significant difference in CSF neurogranin concentration was observed in
hip fracture patients with (n=62) or without dementia (n=66), median [IQR] 198 [144,227] vs

203 [150,257], p=0.30. In subgroup analysis, no differences in CSF neurogranin concentration

12
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were found in relation to delirium status in patients with dementia (p=0.91) or without

dementia (p=0.092). Adjusting for age did not alter any of the findings significantly.

Neurogranin and delirium depending on AD-biomarkers and A/T/N classification
Four patients had missing ABa2 and p/t-tau values. Demographics of biomarker positivity in

the hip fracture population are described in table 2.

[Table 2. CSF neurogranin concentration and delirium in relation to core Alzheimer’s

Disease (AD) biomarkers in the hip fracture population]

We found no difference in neurogranin between participants with and without delirium after
stratification for biomarker positivity (table 2): A+ (p=0.24), A- (p=0.36), T+ (p=0.72), T-
(p=0.58), or N+ (p=0.88) groups. In the N- group, patients with delirium tended to have
slightly higher neurogranin concentration (median [IQR] 227 [192-279] vs 221 [186-269],
p=0.058). Age-adjustment did not significantly alter results for any biomarker group.

No difference in neurogranin concentration in relation to delirium status was found in the AT-
groups: A-T- (p=0.51), A+T- (p=0.91) and A+T+ (p=0.50). In the A-T+ group, the samples

were too small for comparison.

Cognitively unimpaired older adults (CUA, control group)

No significant difference in CSF neurogranin concentration was initially found between CUA
and hip fracture patients (median [IQR] 199[148-235] vs 203[167-261], p=0.17) (see
demographics table 1, figure 3). After adjusting for age, CUA were found to have

significantly higher concentrations of neurogranin than hip fracture patients (= 22, p=0.035).
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In post-hoc analyses adjusting for age, only hip fracture patients with dementia were found to

have significantly lower neurogranin than CUA (= 34, p=0.01).

AD patients (control group)

AD patients (median [IQR] 248 [183-306]) had significantly higher CSF neurogranin
concentration than all hip fracture patients (p=0.001) and CUA(p=0.012) (figure 3). They also
had higher neurogranin concentration than hip fracture patients with dementia (198 [144-227],
p=0.001) and without dementia (203 [150-257], p=0.012). The results survived age-
adjustment, except for the comparison between AD patients and hip fracture patients without

dementia (age-adjusted p= 0.063).

DISCUSSION

In contrast to our main hypothesis, we did not find that delirium was associated with synaptic
failure, as measured by CSF neurogranin concentration. With worsening neurodegenerative
changes and cognitive impairment, the risk of delirium appears to gradually increase [14].
One might therefore expect that increasing CSF levels of neurogranin, as a measure of
synaptic dysfunction and/or deterioration, might indicate an increased risk of delirium. In fact,
a recent study found that blood neurogranin was elevated in critically ill patients prior to and
at the time of delirium, compared to controls [41]. Importantly, neurogranin was measured in
blood, and plasma neurogranin does not correlate with CSF neurogranin nor clinical outcomes
in neither AD [42] nor acute stroke [43], likely due to extracerebral sources of neurogranin

and proteolytic activity in blood [42]. Moreover, a study showed that the apical tree of CAl

14
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neurons in aged mice was remodeled in response to acute stress such as during delirium [44].
The authors hypothesized that synaptic dysfunction in delirium may initially be adaptive.
However, under pathological conditions with reduced synaptic plasticity, we advocate that the
transient remodeling may become more permanent and lead to synaptic dysfunction and loss.
Synaptic loss [45] and higher CSF neurogranin [46] have been shown to correlate with
cognitive decline in early stages of AD. An association between delirium and neurogranin
could thus suggest that synaptic loss caused by the mechanisms resulting in delirium might
contribute to accelerated dementia and/or incident dementia after delirium.

However, our negative findings suggest that although neurogranin is expressed in
neuroanatomical structures that are likely involved in delirium symptomatology [14],
symptoms present in delirium are complex, and widespread cerebral dysfunction in other key
areas may be more prominent. In addition, even though synaptic dysfunction with release of
neurogranin may theoretically occur as a result of delirium, the rise in CSF neurogranin may

be too insignificant to be registered in the hip fracture population, as discussed below.

Our second aim was to compare CSF neurogranin in the hip fracture population, which
included patients with and without dementia, to neurogranin concentrations in CUA and AD
patients. CUA serve as a control group for both of the other cohorts. In contrary to acutely
admitted hip fracture patients, they were thoroughly tested prior to CSF sampling and
represent a group that with a high degree of certainty have neither dementia nor delirium.
Increased concentrations of CSF Neurogranin have been demonstrated repeatedly in AD [21-
23]. Comparing CSF neurogranin concentrations in AD and hip fracture patients, may help
discriminate changes in CSF neurogranin due to delirium from changes related to AD,
particularly to hip fracture patients with dementia. While the AD patients from the memory

clinic underwent thorough clinical and biochemical testing confirming probable AD, the type
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of dementia was only registered for a minor subset of hip fracture patients. Other
undetermined etiologies, such as cerebrovascular disease, might therefore have caused
dementia in the hip fracture cohort. Accordingly, in agreement with previous studies, we
found that AD patients had significantly higher levels of neurogranin than CUA and hip
fracture patients [21-23]. Despite undetermined dementia etiologies, based on existing
demographics concerning the prevalence of dementia subtypes in the oldest population [48],
one might assume that AD or mixed pathology involving AD-specific changes were the
leading etiologies also in the hip fracture patients. We were therefore surprised to find that
after adjusting for age, hip fracture patients had lower levels of neurogranin than CUA, and
that this difference seemed to be driven by lower neurogranin in hip fracture patients with
dementia. We suggest that neurogranin expression in the brain likely needs to be of a certain
magnitude for concentrations of neurogranin to increase detectably in CSF. The hip fracture
patients with dementia were in clinically advanced disease stages based on informant
questionnaires (IQCODE) and scored significantly higher on IQCODE than the AD patients
enrolled at the Memory Clinic. Advanced AD in the hip fracture patients may result in
reduced neurogranin expression in the brain and/or neurogranin release to CSF due to reduced
neurogranin production, loss of synapses and/or low disease intensity. In line with this,
decreased levels of neurogranin have been detected at autopsy in cortical regions in the AD
brain [20], with greater decreases in late stages of AD [49]. Furthermore, while levels of
neurogranin have been shown to rise in early phases of AD-pathology [22], several studies
have reported a negative correlation between AD duration and CSF levels of neurogranin [21,
46], possibly due to depletion of neurogranin as a result of extensive neurodegenerative
changes and/or reduced intensity of disease in late stages of AD. In our study, only hip
fracture patients with delirium and normal levels of t-tau (N-) tended to have higher levels of

neurogranin in delirium, supporting that underlying neurodegenerative changes could masque
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delirium-associated changes in synaptic function and neurogranin. Lastly, neurogranin
expression has been shown to decrease with age in mouse models [19], which suggests that
the release of neurogranin to the CSF may not be as prominent in synaptic dysfunction in the
oldest old. The hip fracture patients were significantly older than participants in the two
control groups (table 1). Although we found a positive correlation between age and
neurogranin in the CUA, we did not find any correlation in the hip fracture patients, possibly
due to an age-related plateau effect. Taken together, CSF neurogranin may not be
representative of the degree of synaptic dysfunction and/or degeneration in the hip fracture
population, comprising the oldest old, including dementia patients likely to suffer in part from

advanced AD.

Limitations of our study include retrospective diagnosis of dementia with missing dementia
etiology in most hip fracture patients. Characterization of dementia etiology is important as
neurogranin appears to be AD specific. Analysis of CSF core AD biomarkers (A4, t-tau and
p-tau) at two different laboratories impeded direct comparison between cohorts. Although the
hip fracture cohort was large in the setting of delirium research, lack of power may affect
results, especially in subgroup analyses. The use of two contrast/control groups was a strength
of our study. Also, neurogranin was analyzed at the same time at the same laboratory in all
participants. Furthermore, delirium was assessed daily based on validated instruments by

trained investigators.

The findings suggest that neurogranin may not be a useful biomarker in assessing
pathophysiological mechanisms involved in delirium in hip fracture cohorts and/or that
synaptic degeneration is not an important pathophysiological mechanism in delirium. Studies
on neurogranin as a biomarker for synaptic dysfunction in delirium pathophysiology should
be repeated, possibly in a younger and cognitively healthier population.
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FIGURES (3) AND TABLES (2)

Figure 1 Graphical abstract

Study hypothesis: The postsynaptic protein neurogranin (Ng) is involved in long-term potentiation through regulation of the availability
of the calcium-binding protein calmodulin in dendritic spines of neurons. Impaired cognition, including memory deficits, are common
features of delirium. Delirium may thus be associated with synaptic dysfunction as measured through increased concentration of
neurogranin (Ng) in cerebrospinal fluid {CSF). Amyloid pathology may contribute to increased release of Ng.

Excitatory neuronal cell Postsynaptic dendritic spine Neurogranin leakage into CSF CSF from hip
fracture patients
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Figure created using imoges from Servier Medicol Art licensed under a Creative Commons Attribution 3.0 Unported License (hitp://smart.servier.com).
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667  Figure 2 CSF neurogranin concentration in hip fracture patients with and without
668  delirium. The black lines represent the median with the interquartile range. The p-value stems

669  from Mann Whitney U analysis.
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682  Figure 3 CSF neurogranin concentration in hip fracture patients, cognitively
683  unimpaired older adults and patients with Alzheimer’s disease. The black lines represent

684  the median with the interquartile range. The p-values stem from Mann Whitney U analyses.
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688

689

690

691

692

693  Table 1 Population demographics and biomarkers

All hip No Delirium  p-value  Cognitively p- Patients p-value
fracture delirium (n=70)% B unimpaired value  with [
patients (n=58)% older adults ** Alzheimer’
(n=128)% (m=127)i1 s disease
(n=46)}11
Age 85(79-80) 84 (71-88) 85(81-89) 0.031 72 (68-77) <0.001 67 (62-73) <0.001
Female sex 93 (73) 45 (78) 43 (70) 0.26 64 (50) <0.001 28 (61) 0.14
Dementia t 62 (48) 10 (17) 52 (74) <0.001 - - - -
IQCODE 3.7 3.2 4.5 <0.001 - - 3.7 <0.97
(3.1-4.8) (3.0-3.6) (3.6-4.9) (3.5-4.1)
MDAS 16 6 (3-8) 20 (14- <0.001
(7-24) 26)
Neurogranin 199 (148- 197 201 0.68 203 0.171 248 0.00191
235) (146-235)  (150-248) (167-261) (183-306)
APp42 330 (230- 461 266 (195- <0.001 739 - - -
496) (318-685)  359) (515-857)
p-tau 58 (41-79) 55(40-75) 59 0.29 58 - - -
(42-82) (46-72)
t-tau 398 (288- 351 438 0.004 343 - - -
584) (266-481)  (309-719) (267-283)

694  tConsensus diagnosis of dementia assessed retrospectively in the hip fracture patients by two

695  independent expert physicians.

696  IHip fracture patients (Oslo Orthogeriatric Trial); ${Elective surgery cohort of cognitively unimpaired
697  older adults (CUA, COGNORM); 111 Patients with probable anamnestic Alzheimer’s disease

698  dementia according to the clinical NIAA-criteria [33] (NORCOG).

699  * Delirium vs no delirium in hip fracture patients (assessed with Confusion Assessment Method)

700  ** All hip fracture patients vs CUA

701 ***All hip fracture patients vs Alzheimer’s disease patients

702 1 & 11 Unadjusted value listed. The age-adjusted p-values were 0.035 () and <0.001(11) respectively.
703  Results are given as median (interquartile range) or n (%). All biomarkers are measured in the CSF
704  and stated in pg/mL. Four hip fracture patients and two CUA had missing values for Alzheimer’s
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705
706
707
708

709
710

711
712
713
714
715
716
717
718
719
720
721

disease (AD) biomarkers (AB42 and t/p-tau). AD biomarkers for the AD cohort are not listed as they
were analyzed in a different laboratory and were thus not directly equivalent to measurements in the
two other groups. Values for IQCODE were missing for one hip fracture patient and eight AD patient.

Table 2. CSF neurogranin concentration and delirium in relation to core Alzheimer’s disease
(AD) biomarkers in the hip fracture population

Classification n (%) Incidence of  Neurogranin [Ng] [Ng] depending on
into AD delirium, n concentration [Ng]  depending on  delirium status
biomarker (%) , median (IQR) biomarker within

groups T positivity biomarker groups

(p-values) *  (p-values) **

A+ 96 (75) 61 (64) 193 (145-232) 0.24

A- 28(25) 6 (21) 204 (155-269) 033 0.36

T- 73(60) 38 (52) 156 (130-203) | 0.58
L <0.001

T+ 51(40) 29 (57) 247 (208-294) ) 0.72

N- 49(40) 21 (43) 141 (126-184) | 0.058
~ <0.001

N+ 75(60) 46 (61) 202 (190-269) | 0.88

All biomarkers are measured in the CSF and stated in pg/mL. All p-values were obtained using the
Mann Whitney U test.

TCut-offs for pathological concentrations of CSF AD-biomarkers were established by the laboratory
as follows (in pg/mL): A- at amyloid B (ABs2) > 530 and A+ at ABs, <530; T- at phosphorylated tau
(p-tau) <60 and T+ at p-tau> 60; N- at total tau (t-tau) < 350 and N+ at t-tau> 350. Four hip fracture
patients had missing values for Alzheimer’s disease (AD) biomarkers (Ap42 and t/p-tau).

*Difference in neurogranin concentration [Ng] in participants classified as A+ vs A-, T+ vs T- and N+
VS N-.

** Difference in [Ng] in delirium vs no delirium in the six AD-biomarker groups
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	Neurogranin is a postsynaptic protein which has a central role in long-term potentiation through regulation of calmodulin availability [16]. It is expressed mainly in neurons in the hippocampus, associative cortex and amygdala, which are main brain ar...
	DISCUSSION
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