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Introduction
Neuropsychiatric disorders are thought to be related to hyperactivity 

of the inflammatory system [1,2] as well as low-grade inflammation 
[3,4]. However, to date there has not been an adequate tool for 
quantitatively measuring the relationships between inflammatory states 
and neuropsychiatric disorders, so this issue has not been evaluated 
objectively. We recently encountered a 79 year old female patient with 
mild cognitive impairment (MCI) who experienced improvement in 
global cognitive function after being treated with the cholinesterase 
inhibitor (ChEI) donepezil. Her cognitive state was maintained at 
almost normal levels for >1 year. Treatment also produced a sustained 
decrease in her levels of high-sensitivity C-reactive protein (hs-CRP). 

In this article, we describe the clinical changes in the patient’s 
cognition, focusing on the relationship between the cognitive state in 
pseudodementia and low-grade inflammation. The patient herself and 
her proxy have provided written consent authorizing publication of this 
report. 

Case Presentation
A 79 year old woman presented at our outpatient clinic complaining 

of forgetfulness, which she had first noticed 5 or 6 years earlier. She lived 
with her daughter, who reported that her mother had been forgetful for 
3 years before coming to our clinic. For 10 years the patient, who had a 
subarachnoid hemorrhage 23 years earlier, had cared for her husband who 
had dementia. This caused her to experience sustained stress because her 
husband had been apathetic with little capacity for self-care, which placed a 
large burden on her. In addition, he had periodic episodes of extreme anger.
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The patient’s Mini-Mental State Examination (MMSE) [5,6] score was 
23, her CT findings showed no atrophy of the hippocampal region, and her 
hs-CRP was 0.133 mg/dl. We diagnosed MCI due to Alzheimer’s disease 
(AD) [7] and prescribed donepezil 5 mg/day. In Japan, 5 mg donepezil is 
approved for mild to moderate AD. At 6 months and 1 year of treatment, 
respectively, MMSE scores were 25 and 27 and her hs-CRP levels were 0.043 
mg/dl and 0.028 mg/dl (Figure 1). In addition, both the patient and her 
daughter felt that the patient’s cognitive function was comparable with that 
of people of the same age with normal cognitive function. 

Discussion
We initially diagnosed MCI due to AD and prescribed the ChEI 

donepezil 5 mg/day, after which the patient’s cognitive dysfunction 
almost completely resolved. This result seems to indicate that her 
cognitive impairment as related to a disorder of the cholinergic system. 
Treatment with donepezil 5 mg/day improved the patient’s cognitive 
function to almost-normal levels, which were maintained for over 1 
year; therefore we changed the diagnosis to pseudodementia due to 
depression, which we speculate was caused by excessive sustained stress. 
However, because depression is also considered a prodromal symptom 
of AD [8], it is challenging to distinguish depression from AD in the 
elderly, which makes an accurate diagnosis difficult. Therefore, we plan 
to follow this patient carefully. 
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Psychiatric disorders such as depression and AD have also been 
reported to be related to low-grade inflammation [9-11] and increased 
levels of hs-CRP [12,13]. However, there is no consensus on what degree 
of inflammation corresponds to low-grade inflammation. Krogh et al. 
[14] found a relationship between CRP levels and depression, reporting 
that hs-CRP was higher in depressed patients (range 0.6 to 2.6 mg/l) 
compared with normal controls (range 0.06 to 0.26 mg/dl). Based on 
his report and, when our patient presented with MCI (MMSE=23) due 
to depression and needed treatment, her hs-CRP level was 0.133 mg/
dl; when her cognitive function had resolved to an almost normal state, 
her hs-CRP level was 0.043 mg/dl (MMSE=25) at 6 months and 0.028 
mg/dl (MMSE=27) at 1 year. From these results, we speculate that a 
CRP level of ≥ 0.1mg/dl might constitute low-grade inflammation, and 
that a level <0.05 mg/dl might not, i.e., there might be cut-off point 
between from 0.05 to 0.1 mg/dl whether low grade inflammation or 
not. However, in only one case we can’t confirm the conclusion. Larger 
studies of the relationships between clinical symptoms and hs-CRP in 
depression and AD are needed. Moreover, in our hospital, the normal 
range of CRP is regarded as <0.30 mg/dl. Therefore, the patient was 
not considered to have high-grade inflammation when she developed 
cognitive dysfunction. However, her inflammatory system was 
considered to be related with “low grade inflammation”. CRP and hs-
CRP are measured the same protein. CRP is measured by turbidimetric 
immunoassay method and measurement limes is 0.1 mg/dl. However, 
more low level of CRP is considered to be related with arterial sclerosis 
and gets possible to measure CRP which is microdose more by latex 
coagulating method method and calls it with hs-CRP [15]. However, a 
report suggests that there does not appear to be a significant relationship 
between depression and hs-CRP levels after adjusting for confounding 
factors such as body mass index, diabetes mellitus, and cardiovascular 
disorders [16]. Therefore, we consider that when confounding factors 
are controlled for, there is a significant relationship between cognitive 
function and hs-CRP levels, and that the assessment of hs-CRP is a 
suitable marker for assessing cognitive function in individual patients 
who have been diagnosed with depression (pseudodementia) or 
dementia (true dementia) by longitudinal observation. Although 
we did not have the data between our patient’s first visit to our clinic 
and her visit 1 year later, we do not think she experienced any notable 
changes in disease state or body weighs. Moreover, she had not had 

peri-odontoid disease and/or metabolic syndrome as a source of 
chronic inflammation during this period.

We also speculate that amelioration of cognitive dysfunction was 
related to suppression of inflammation related to the cholinergic anti-
inflammatory pathway [17-19] because treatment with the ChEI donepezil 
was followed by a decrease in hs-CRP levels and improvement of cognitive 
function. Our patient was 79 years old when she visited our hospital the first 
time. Therefore, her ACh should have been downregulated. However, at 
this stage, compensatory upregulation of choline acetyltransferase (ChAT) 
[20,21], an enzyme that makes ACh, might have kept her ACh at normal 
levels. In this case, mental stress was present, which possibly prevented 
upregulation of ChAT and compensation. We speculate that hyperactivation 
of inflammation, and ameliorating the symptoms of cognitive dysfunction 
(pseudodementia) caused by “low grade inflammation”, which is regulated 
by the “cholinergic anti-inflammatory pathway”.

Conclusion
In summary, this case highlights three important issues. First, 

cognitive dysfunction due to depression (pseudodementia) may be 
related to low-grade inflammation. Second, hs-CRP may be a suitable 
marker for low-grade inflammation. Third, treatment with ChEI may 
suppress this low-grade inflammation, although upregulation of ACh 
may also suppress it. In our patient, inflammation appeared to be 
related to the cholinergic anti-inflammatory pathway. To confirm this 
finding, larger studies of the relationships between clinical symptoms 
and hs-CRP in depression and AD are warranted. 
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Figure 1: We show the disease course, changes of global cognitive function 
and hs-CRP in 79 year old female patient with MCI. After the prescription 
of donepezil, this patient improved clinical symptoms and global cognitive 
dysfunction. Moreover, hs-CRP was decreased. 
hs-CRP: High Sensitive C-Reactive Protein; MCI: Mild Cognitive Impairment
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