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 Abstract 
  Background:  The objective of this study was to examine the associations of agitation with the 
cerebrospinal fluid dementia biomarkers total-tau (T-tau), phosphorylated-tau (P-tau) and 
Aβ 1–42 .  Methods:  One hundred patients (mean age ± SD, 78.6 ± 7.5 years) with dementia and 
neuropsychiatric symptoms, of whom 67% were female, were included. Agitation was mea-
sured using the Cohen-Mansfield Agitation Inventory (CMAI; 46.5 ± 11.8 points).  Results:  To-
tal CMAI correlated with T-tau [r s  (31) = 0.36, p = 0.04] and P-tau [r s  (31) = 0.35, p = 0.05] in 
patients with Alzheimer’s disease (AD; n = 33) but not in the total dementia population (n = 
95).  Conclusions:  Our results suggest that tau-mediated pathology including neurofibrillary 
tangles and the intensity of the disease process might be associated with agitation in AD. 
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 Background 

 The global prevalence of dementia is increasing and it is predicted to affect over 80 
million individuals worldwide by the year of 2040  [1] . The dementia syndrome includes a 
progressive deterioration of cognitive functions often accompanied by neuropsychiatric 
symptoms referred to as behavioral and psychological symptoms in dementia (BPSD)
 [2, 3] .

  BPSD can be divided into three main clusters: agitation, psychosis and mood disorders 
 [4] . Agitation includes both emotional distress and behavioral changes such as aggression, 
irritability, pacing and restlessness  [4] . Agitation is experienced by approximately 20% of the 
dementia patients in a community setting and increases up to 50% in institutionalized 
patients  [5] . Overall, more than 90% of the patients with dementia suffer from at least one 
BPSD symptom during the course of the disease  [6] . BPSD are major contributors to increased 
disease burden for both patients and caregivers, reduce the ability to perform activities of 
daily living, contribute to earlier hospitalization and constitute approximately 30% of the 
dementia-associated treatment costs  [7–10] .

  Overall, the research regarding the pathology of BPSD has been limited. Animal models 
using male transgenic APP/PS1 mice resulting in rapid progression of amyloid neuropa-
thology have been shown to exhibit behavioral symptoms including disinhibition such as 
impulsivity, reduced body weight and enhanced aggression relative to wild-type controls 
 [11] . Agitation has also been associated with the presence of neurofibrillary tangles (NFT). In 
a postmortem study of patients with severe Alzheimer’s disease (AD), increased cerebral 
burden of NFTs in the orbitofrontal cortex was found to correlate with agitation [measured 
by the Neuropsychiatric Inventory (NPI) agitation subscale]  [12] . In a study from 2002, an 
aggressive behavior cluster including actions such as physical aggression, aggressive resis-
tance and verbal aggression was associated with loss of neurons in the rostral locus coeruleus 
 [13] . Furthermore, it is very possible that abnormalities in cerebral neurotransmission are 
involved in the cause of BPSD  [14] .

  Recent studies have shown that the cerebrospinal fluid (CSF) biomarkers total-
tau (T-tau), phosphorylated-tau (P-tau) and the 42 amino acid isoform of β-amyloid protein 
(Aβ 1–42 ) can identify AD with high specificity and sensitivity  [15–17] . Much data suggest that 
the CSF level of T-tau reflects the intensity of the neuronal degeneration, while P-tau levels 
correlate with cortical NFT load [for review, see  15 ]. In contrast, less is known about the rela-
tionship between these biomarkers and BPSD. In a recent study, apathy was shown to 
correlate with increased levels of both P-tau and T-tau in CSF, suggesting that apathy could 
be associated with increased amounts of NFTs in the brain  [18] . The association between 
depression and AD biomarkers has also been studied, but no evidence that links depression 
with the presence of amyloid plaques or NFTs was found  [18, 19] . Levels of CSF Aβ 1–42  have 
been shown to display a negative correlation with increased aggressive behavior in demented 
patients  [20] . Several studies indicate that NFTs and amyloid plaques could be involved in the 
pathological process causing BPSD but this has not been proven and further research is 
warranted  [11, 12, 18–20] . Current pharmacological treatment options for agitation mainly 
include antipsychotics, which display modest efficacy and might be associated with severe 
cerebrovascular events  [21, 22] . This accentuates the importance of identifying potential 
targets for novel drug development.

  The primary aim of this study was to examine the association between agitation as 
measured by the Cohen-Mansfield Agitation Inventory (CMAI) and the CSF biomarkers T-tau, 
P-tau and A β1–42  in patients with dementia and BPSD.
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  Materials and Methods 

 Patients 
 One hundred and forty-five patients living in the community were referred from general 

practitioners to the Memory Clinic of the Department of Geriatric Medicine at Karolinska 
University between January 2003 and September 2005. One hundred patients who fulfilled 
the criteria according to the Diagnostic and Statistical Manual of Mental Disorders, fourth 
edition (DSM-IV)  [23]  for the diagnosis of Alzheimer’s dementia with behavioral disturbance, 
vascular dementia with behavioral disturbance and mixed dementia with behavioral distur-
bance were included in the study. A total score of at least 10 on the NPI  [24]  with symptoms 
for at least 2 weeks prior to inclusion was required. Patients were excluded if they had a diag-
nosis of schizophrenia or other psychiatric disorders according to the DSM-IV, a history of 
seizures, active peptic ulcer or clinically significant hepatic, renal, pulmonary or metabolic 
disturbances. None of the patients were receiving any kind of dementia medication such as 
cholinesterase inhibitors or neuroleptics prior to inclusion, although some patients were 
medicated with psychotropics (n = 48) including antidepressants, benzodiazepines and anti-
histamines at the time of study entry. The included patient data is part of a larger study that 
is currently in preparation, but for further information regarding the study population, 
assessment and other study specifics, please see the original article  [25] .

  Clinical Assessment 
 Diagnostic procedures included somatic, psychiatric, neurological and neuroimaging (CT 

scans) examination performed by a licensed specialist in geriatric medicine with experience 
in dementia (Y.F.-L.). In addition to a clinical interview of patients and caregivers, a stan-
dardized scale of cognition [Mini-Mental State Examination (MMSE)]  [26]  and neuropsychi-
atric symptoms (NPI) was administered for diagnostic purposes. Lumbar punctures were 
performed and CSF was collected according to the standard operation procedures for 
dementia investigation existing in Sweden, in which lumbar punctures are a part of the clinical 
approach to dementia diagnosis. Lumbar puncture was successfully performed in 95 of the 
100 included patients (3 patients refused the procedure, 1 patient had an arachnoid cyst and 
in 1 patient, LP was unsuccessful due to muscular rigidity.)

  The level of agitation was assessed using the CMAI  [27] , which consists of 29 subitems 
related to agitation that are measured and rated based on frequency 1–7 (1 = never, 7 = a couple 
of times every hour). The total CMAI is calculated as the sum of the frequency scores with a 
maximum score of 203. The CMAI can be separated into four subitems relating to different 
subtypes of agitation: subitem 1 = aggressive physical behavior such as kicking or hitting, subitem 
2 = nonaggressive physical behavior such as pacing, subitem 3 = verbal aggressive behavior such 
as screaming and subitem 4 = verbal nonaggressive behavior including negativism or complaining.

  Of the 95 patients who underwent a successful lumbar puncture, 35% were diagnosed 
with AD, 27% had mixed AD with vascular factors, 18% had vascular dementia, 12% were 
diagnosed with mild cognitive impairment and 8% were diagnosed with unspecified dementia. 
Sixty-three (66%) were females, the mean age was 78.6 years (SD ± 7.5) and the mean total 
CMAI score was 46.3 (SD ± 11.8).

  CSF Analyses 
 CSF (6 ml) was collected and then stored in polypropylene tubes. The first 2 ml of every 

sampling was discarded and the rest was centrifuged at 3,000 rpm for 10 min at +4   °   C and 
frozen in aliquots of 2 ml at –70   °   C. The collected CSF was used for analysis of T-tau, P-tau and 
Aβ 1–42  at the Department of Clinical Neurochemistry, Mölndal Hospital. The T-tau concentration 
in CSF was determined using a sandwich ELISA (INNOTEST ®  hTAU Ag; Innogenetics, Gent, 
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Belgium) specifically constructed to measure all tau isoforms irrespectively of phosphorylation 
status  [28] . Tau phosphorylated at threonine 181 (P-tau181) was measured using a sandwich 
ELISA method [INNOTEST ®  PHOSPHO-TAU (181P); Innogenetics]  [29] . Aβ 1–42  levels were 
determined using a sandwich ELISA method [INNOTEST ®  β-AMYLOID (1–42); Innogenetics] 
specifically constructed to measure Aβ containing both the first and the 42nd amino acid  [30] . 
In this assay, the monoclonal antibody 21F12, which is highly specific to the C-terminus of
Aβ 1–42 , was used for capture, and 3D6, which is specific to the N-terminus, was used as detector.

  Statistics 
 Since the investigated variables are scores from ordinal scales, it can be argued that 

nonparametrical methods are better suited than parametrical ones. For associations between 
the included variables, Spearman’s rank order correlation was used. To adjust for potential 
confounders, all significant results were adjusted for age, gender and the level of cognitive 
impairment (MMSE) using linear regression, and all results where validated for normality, 
linearity and equal variance. The sample size was relatively small so that nonparametric 
regression could not be used since it requires larger sample sizes than regression based on 
parametric methods. Data are given as means and 95% confidence intervals (CI) or as stated, 
and p values <0.05 were considered statistically significant. All statistical analyses were 
carried out with the Statistica ®  10.0 software package (StatSoft, Tulsa, Okla., USA).

  Ethics 
 Informed consent was obtained from the subjects or their legally acceptable represen-

tative prior to inclusion. The regional Ethics Committee of Karolinska Institute, Stockholm, 
Sweden, approved the study (registration number 441/01 at Karolinska Institutet).

  Results 

 Characteristics of the cohort are shown in  table 1 .

  Relation between Agitation and AD Biomarkers in CSF 
 No statistically significant correlations were found between total CMAI, CMAI subscores 

and the CSF biomarkers T-tau, P-tau and Aβ 1–42  when analyzing all included patients (n = 95). 

 Table 1.  Baseline characteristics of the included patients

Variables All (n = 95) AD (n = 33)

Age, years 78.6 ± 7.5 78.7 ± 7.6
Females, n 63 19
MMSE (0 – 30 points) 20.2 ± 4.6 19.1 ± 4.2
Total CMAI (0 – 203 points) 46.3 ± 11.8 44.6 ± 10.7
CMAI aggressive physical behavior ( 0 – 77 points) 11.6 ± 2.0 11.6 ± 2.6
CMAI nonaggressive physical behavior (0 – 70 points) 17.3 ± 6.6 17.3 ± 6.1
CMAI verbal aggressive behavior (0 – 21 points) 4.9 ± 2.3 4.5 ± 1.9
CMAI verbal nonaggressive behavior (0 – 35 points) 12.5 ± 5.7 11.2 ± 5.3
T-tau, pg/ml 775.4 ± 527.6 767.6 ± 472.9
P-tau, pg/ml 97.4 ± 58.1 94.8 ± 44.9
Aβ1 – 42, pg/ml 478.2 ± 182.4 464.4 ± 141.0

 All values are expressed as means ± SD, except for the number of females.
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  Fig. 1.  Scatterplots of Spearman’s 
correlations between dementia 
biomarkers in CSF and total CMAI. 
 a  Scatterplot of the correlation 
between T-tau and total CMAI in 
AD patients.  b  Scatterplot of the 
correlation between P-tau and to-
tal CMAI in AD patients.  c  Scatter-
plot of the correlation between P-
tau and total CMAI in all patients. 

(For figure 1d, e see next page.) 
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Within the AD group (n = 33) both T-tau [r s  (31) = 0.36, p = 0.04] and P-tau [r s  (31) = 0.35,
p = 0.05] (Spearman’s rank correlation)   were significantly correlated with total CMAI ( fig. 1 ). 
AD patients also displayed a significant correlation between T-tau and CMAI subitem nonag-
gressive physical behavior [r s  (31) = 0.4, p = 0.02]. There were no significant associations 
between the levels of Aβ 1–42  and agitation (total CMAI) [r s  (31) = –0.11, p = 0.6] in the AD 
patients. No other significant correlations were found in the AD group. No significant correla-
tions were found between any of the dementia biomarkers and total CMAI in the other 
dementia subgroups (data not shown). Correlation analyses are shown in  table 2 .

  Linear regression analysis confirmed the correlations between agitation and the AD 
biomarkers in the AD subgroup. When adjusted for age, gender and MMSE score, T-tau 
displayed a significant correlation with total CMAI [F(1,28) 4.45, p = 0.04]. The analysis 
showed that a one-unit increase of T-tau results in a 0.008-unit increase in total CMAI. The 
association between P-tau and total CMAI remained significant after adjustment for all afore-
mentioned variables [F(1,28) 7.16, p = 0.01]. A one-unit increase of P-tau was associated with 
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a 0.11-unit increase in the total CMAI score. The correlation between T-tau and nonaggressive 
physical behavior remained significant after adjustment for confounders, and a one-unit 
increase of P-tau was associated with a 0.05-unit increase in the CMAI subitem score.

  Discussion 

 This is one of the first studies analyzing levels of CSF AD biomarkers in patients with 
significant neuropsychiatric symptoms and dementia. The main finding was a significant rela-
tionship between agitation and CSF levels of both T-tau and P-tau in patients with AD. Based 
on our previous research  [31] , these results suggest that the cerebral NFT burden is asso-
ciated with agitation in dementia. These findings are also consistent with previous research 
showing a correlation between agitation and NFT burden in AD patients post mortem  [12] . 
T-tau was also correlated with agitation, suggesting that agitation is associated with the 
amount of axonal degeneration and the intensity of the disease process  [31] . Furthermore, 
our results are supported by the fact that they remained significant even after performing 
multivariable linear regression to adjust for the effect of dementia severity as measured by 
MMSE, since it is known that the dementia severity is associated with agitation. The tau-
mediated pathology is unlikely to be a direct cause of agitation in AD but rather a part of a 
complicated network of different pathological mechanisms. The neuronal damage caused by 
the NFTs could affect neurotransmission resulting in agitation, as has previously been 
proposed  [14] , and a study including both neurotransmitters and biomarkers would facilitate 
further investigation of these associations. Previous research has indicated that frontal lobe 
circuit dysfunction, possibly involving tau-mediated pathology, could be a cause of agitation 
in dementia  [32] . Although our results are significant, a previous study comparing agitation 
in AD patients with CSF-biomarkers contradicts these findings  [18] . Possible explanations for 
this discrepancy are the facts that the NPI subitem score for agitation was used to quantify 
agitation in that study, which is less sensitive as compared to CMAI, and that the study only 
included patients with mild AD not selected for BPSD.

  When all dementia subjects were included, there were no significant correlations between 
agitation and CSF biomarkers. This suggests that the association of agitation with the burden 
of NFTs is restricted to AD patients only and not valid in the general dementia population. No 
significant correlation was found between agitation and Aβ 1–42  in the AD group. Other studies 
have also failed to find an association between agitation and Aβ 1–42   [18] . Although our result 
contradicts findings from a previous report that found a negative correlation between 
aggressive behavior and Aβ 1–42   [20] , the current study did not include adjustment for severity 
of dementia, which might have contributed to this association. Since amyloid plaques are such 
an integral phenomenon of the pathophysiological process of AD, it is reasonable to believe 
that they are at least partially involved in the mechanism causing agitation. A possible expla-
nation for the lack of association between agitation and Aβ 1–42  could be that amyloid deposi-

Variables All (n = 95) AD (n = 33)

Total CMAI and T-tau
Total CMAI and Aβ1 – 42
Total CMAI and P-tau

0.13 (p = 0.2)
0.04 (p = 0.7)
0.12 (p = 0.3)

0.36 (p = 0.04)
–0.11 (p = 0.6)

0.35 (p = 0.05)

Spearman’s correlation was used for statistical calculations.

 Table 2. Correlations between 
agitation and dementia 
biomarkers in CSF



342Dement Geriatr Cogn Disord Extra 2014:4:335–343

 DOI: 10.1159/000363500 

E X T R A

 Bloniecki et al.: Agitation in Dementia: Relation to Core Cerebrospinal Fluid Biomarker 
Levels 

www.karger.com/dee
© 2014 S. Karger AG, Basel

tions are an upstream process to agitation, eventually leading to the presence of BPSD 
symptoms through mechanisms such as neuronal dysfunction or altered neurotransmission. 
This theory is supported by the recent study finding that abnormal levels of AD biomarkers, 
including Aβ 1–42  and displaying a pattern of preclinical AD in healthy individuals, predicts an 
increased presence of BPSD in the future  [33] .

  Several limitations of this study have to be taken into account. BPSD tend to fluctuate 
over time  [34] . The association between agitation and dementia biomarkers may therefore 
change over time, and thus longitudinal studies may better capture this association. Some 
patients were also treated with stable psychotropic medications, and this may have influ-
enced our findings. In addition, the participants were selected from referrals to a university 
hospital and might thus have been biased.

  In conclusion, our study provides added understanding of the pathological mechanism of 
BPSD in patients with dementia and suggests that tau-mediated pathology is associated with 
agitation in AD. Further exploration of the possible pathological mechanism mediated by NFT 
is of interest in order to pinpoint and clarify the exact pathology associated with BPSD and to 
provide a basis for the development of patient-tailored pharmacological and therapeutic 
intervention.
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