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Abstract
Background/Aims: Raised low-grade systemic inflammation has been associated with dementia, and preliminary
studies suggest an association with mild cognitive impairment (MCI). This study examines the relationship between
systemic inflammation and MCI subtypes. Methods: We
measured the inflammatory markers C-reactive protein, interleukins (IL)-1␤, -6, -8, -10 and -12, plasminogen activator
inhibitor-1 (PAI-1), serum amyloid A (SAA), tumor necrosis
factor- ␣ (TNF- ␣) and vascular adhesion molecule-1 (VCAM1) in the Sydney Memory and Ageing Study (MAS) cohort, a
longitudinal study of 1,037 Australians aged 70–90 years. Results: After adjusting for possible confounding variables,
levels of TNF- ␣ and SAA were higher in participants with MCI
compared to cognitively normal individuals, and some sex
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differences were apparent. Nonamnestic multiple domain
MCI was associated with higher levels of IL-1␤ and IL-12, TNF␣ and SAA compared to cognitively normal, amnestic MCI
(single and multiple domain) and nonamnestic single domain MCI. PAI-1 levels were higher in cognitively normal and
nonamnestic multiple domain MCI than in amnestic multiple
domain MCI. Conclusion: Our findings suggest an association between specific inflammatory markers and MCI subtypes, highlight sex differences in the association with MCI,
and point to a discrete impact of systemic inflammation on
cognition.
Copyright © 2011 S. Karger AG, Basel

Introduction

The proposed revision of the Diagnostic and Statistical Manual of Mental Disorders (DSM-V; dsm5.org) has
included a new diagnostic syndrome of the minor neurocognitive disorder, which recognizes the clinical needs of
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individuals who have mild cognitive deficits but can
function independently. This syndrome, currently known
as mild cognitive impairment (MCI), has as its hallmark
cognitive decline greater than expected for age and education level [1], and has been shown to have a high risk of
progression to dementia [2]. MCI is a clinically heterogenous syndrome, and 4 subtypes have been specified to
differentiate amnestic and nonamnestic cognitive profiles impaired in 1 or more domains [1], namely nonamnestic single domain MCI (nMCI), nonamnestic multiple
domain MCI (nmdMCI), amnestic single domain MCI
(aMCI) and amnestic multiple domain MCI (amdMCI)
[2]. Recent data [3] suggest that biomarkers such as positron emission tomography imaging and measurement of
CSF proteins may assist in the prediction of cognitive decline or progression to dementia in patients with MCI.
These biomarkers have been incorporated into the proposed terminology for categorizing risk of developing
Alzheimer’s disease (AD) in patients with MCI [4], but
access and tolerability issues limit the utility of these
measures in routine clinical practice. The identification
of other biomarkers for MCI and evaluation of their impact on progression to dementia is therefore of key importance.
Inflammation may have direct relevance to dementia
[5]. Early postmortem work in AD brains found the presence of C-reactive protein (CRP), an inflammatory biomarker, in neurofibrillary tangles [6] and subsequent
studies report raised levels of CRP in individuals with
dementia [7, 8]. In other cross-sectional analyses, raised
levels of other inflammatory biomarkers, such as cytokines interleukin-1 (IL-1␤), IL-6 and tumor necrosis factor-␣ (TNF-␣), have been consistently associated with
dementia [9–15]. Recent investigations have reported differences in inflammation in dementia subtypes. For example, TNF-␣ was shown to be higher in vascular dementia (VaD) than in late onset AD, while IL-6 was higher in AD than in VaD [14], after controlling for cardiovascular factors. Similarly, TNF-␣ has been found to
be lower in mild-to-moderate AD compared to severe
AD and VaD [16]. Furthermore, inflammatory markers
may be increased before onset of dementia [8, 17] and may
predict cognitive decline [18–23].
In addition, studies in the elderly have shown that
increased levels of inflammatory markers are associated
with impairment of cognitive function [24–28]. Specifically, elevated levels of IL-6 have been associated with
poor cognitive performance in older cohorts [26]. Similarly, raised IL-8 has been shown to be associated with
impaired cognitive performance in the elderly [25]. It
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has been proposed that other interleukins, such as IL12p70 and IL-10, may be implicated in age-related neurodegenerative conditions [29, 30]. Markers such as vascular cell adhesion molecule-1 (VCAM-1) may play a
role in the pathophysiology of age-related cognitive decline [31] by virtue of an impact on endothelial function
[7, 15].
Given the possible links between systemic inflammation and cognitive function in the elderly, it is important
that the precise relationships between systemic inflammation and age-related cognitive syndromes such as MCI
are investigated. To date, few studies have examined this
association, and no studies have comprehensively explored the relationship between a broad array of inflammatory markers, MCI and its subtypes. Raised levels of
TNF-␣ have been found in MCI patients compared to
cognitively normal [9, 10], but 1 study failed to find an
association [32]. Higher CRP levels have been found in
individuals with cognitive impairment without dementia
[33] and in those with nonamnestic MCI [32], in keeping
with that found in AD. Another study found that individuals with multiple domain MCI had levels of IL-1␤
comparable to those with AD and significantly higher
than those with aMCI and nMCI [34].
This study aims to expand the understanding of the
relationship between systemic inflammation and MCI by
determining the cross sectional relationship of MCI and
its subtypes with a comprehensive array of systemic inflammatory markers. As some studies on MCI and inflammation have included a limited number of covariates
[9, 10, 32], we aim to control for a range of possible confounding variables that have been shown to have an impact on inflammation or cognition, including sex, age,
education, cardiovascular risk factors, metabolic factors,
depression and APOE 4 genotype. Sex differences on
MCI and its association with inflammation will be also
explored.

Participants

Participants were drawn from the Sydney Memory
and Aging Study (MAS), the detailed methodology of
which has been described elsewhere [35]. In brief, the Sydney MAS sample is a large, well-characterized prospective cohort of nondemented community-dwelling adults
aged 70–90 years who underwent extensive cognitive examination, brief medical assessment, brain MRI and
blood tests, including measurement of inflammatory biomarkers. From the 1,037 participants in the baseline coTrollor /Smith /Baune /Kochan /Campbell /
Samaras /Crawford /Brodaty /Sachdev

hort of the Sydney MAS, 770 were classified as cognitively normal or with MCI. The 267 participants who were
unclassifiable due to missing data were significantly
younger (p = 0.012), had a significantly higher rate of past
or current smoking (p = 0.000), a lower BMI (p = 0.030),
and a lower prevalence of the APOE 4 allele (p = 0.005)
than those who were retained in the study. Diagnosis of
MCI was based on the most recent international MCI
consensus criteria [75] and 4 MCI subtypes were defined
[1]. A further 60 subjects did not have measurements of
the inflammatory markers, leaving a sample of 710 subjects included in the study. Specifically, there were 433
cognitively normal individuals, 83 individuals diagnosed
with aMCI, 98 individuals with nMCI, 72 individuals
with amdMCI and 24 individuals with nmdMCI. Ethics
approval for this study was granted by the University of
New South Wales and the South-Eastern Illawarra Area
Health Service – Eastern sector (HREC 05037); consent
was obtained for all participants.

Methods
Inflammatory Biomarkers
In order to measure these inflammatory biomarkers, an early
morning blood sample was collected following an overnight fast.
Samples were clotted, aliquoted and frozen by an accredited lab.
An array of inflammatory blood markers was analyzed including
CRP, TNF- ␣, IL-1␤, IL-6, IL-8, IL-10, IL-12p70, VCAM-1, plasminogen activator inhibitor (PAI-1) and serum amyloid A (SAA).
Plasma was used to measure CRP levels, whereas serum was used
for the other inflammatory markers.
High-sensitivity CRP was measured via near infrared particle
immunoassay rate methodology using the Beckman Coulter Synchron LXi (Beckman Coulter, Calif., USA). Cytokine concentrations were measured using cytometric bead array (CBA, BD Biosciences, Calif., USA) for IL-1␤, IL-6, IL-8, IL-10, IL-12p70 and
TNF- ␣. Six bead populations with distinct fluorescence intensities were coated with capture antibodies specific for the cytokine
proteins. The 6 bead populations were mixed together to form the
BD CBA, which resolved in the FL3 channel of a flow cytometer
(BD FACSCalibur TM, BD Biosciences). The capture beads, PEconjugated detection antibodies, and recombinant standards or
test samples were incubated together to form sandwich complexes. Following acquisition of sample data using the flow cytometer,
sample results were generated using BD CBA Analysis Software.
The intra-assay coefficients of variation were 4–7% for IL-1␤,
5–8% for IL-6, 2–5% for IL-8, 5–6% for IL-10, 3–6% for IL-12p70
and 6–10% for TNF- ␣. The interassay coefficients of variation
were 8–13% for IL-1␤, 8–10% for IL-6, 4–7% for IL-8, 8–11% for
IL-10, 6–9% for IL-12p70 and 8–15% for TNF- ␣.
Serum VCAM-1, PAI-1 and SAA levels were measured using
commercially available sandwich enzyme-linked immunosorbent assay (ELISA) kits according to the manufacturer’s instructions. The serum VCAM-1 and PAI-1 ELISA kits were obtained
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from Bender Medsystems GmbH (Austria). The detectable range
is 3.1–100 ng/ml for serum VCAM-1 and 78–5,000 pg/ml for PAI1. The SAA ELISA kit, with a detectable range of 9.4–600 ng/ml,
was obtained from United States Biological (USA).
Covariates
Analyses of covariance included adjustment for participant
age, sex and years of education. Further covariates were selected
based on the impact on cognition and inflammation in our sample as well as the current literature describing their effects on
inflammation or cognitive function, such as depression, cardiovascular factors, metabolic factors and APOE genotype [36–41].
Depression was assessed by the 15-item Geriatric Depression
Scale [42], which has been shown to be valid and to have excellent test/re-test reliability [43]. A participant was said to be depressed if he/she scored a 5 or higher on the Geriatric Depression
Scale. Cardiovascular factors included acute myocardial infarction, cerebrovascular accident, transient ischemic attack, diagnosed history of angina, and past or current regular cigarette
smoking. Metabolic factors included calculated BMI, diagnosis
of diabetes mellitus and fasting blood glucose level. Glucose concentration was measured on a Beckman Coulter Synchron LXi
(Beckman Coulter) by the oxygen rate method using a Beckman
oxygen electrode (Beckman Coulter) and a glucose oxidase solution.
The apolipoprotein gene (APOE), especially the 4 allele, has
been shown to be a risk factor of AD by nearly doubling the lifetime risk, and has been demonstrated to directly promote an inflammation reaction [44]. Genomic DNA was extracted from peripheral blood leukocytes or saliva using standard procedures.
APOE genotyping was undertaken by genotyping the 2 single nucleotide polymorphisms (SNPs, rs7412 and rs429358) that distinguish between the 3 APOE alleles: 2, 3 and 4. Genotyping was
performed using Taqman assays (Applied Biosystems Inc., USA)
and the validity of the APOE genotyping was confirmed in a subsample using an alternate method [45]. Results were available for
more than 99% of the DNA samples, and the allele frequencies in
Caucasians for each of the 2 SNPs were in Hardy-Weinberg equilibrium (p 1 0.05). In the analyses, participants were coded as either carriers or noncarriers of the 4 allele.
Statistical Analyses
The results were statistically analyzed with the use of PASW
version 18.0.0 [46]. Due to the positively skewed distribution of
the biomarker levels, these were normalized using Blom’s formula [47]. An ANCOVA was performed to examine MCI diagnostic
classification as the independent variable in relation to inflammatory biomarkers as the dependent variable. Covariates included in
the analyses are described above. Planned contrasts between the
4 types of MCI classifications and the cognitively normal were
conducted. Group A contrasted all individuals with MCI with
those cognitively normal; Group B contrasted all amnestic MCI
(whether single or multiple domain), all nonamnestic MCI
(whether single or multiple domain) and cognitively normal;
Group C contrasted all single domain MCI, all multiple domain
MCI and cognitively normal; and Group D contrasted the individual MCI subtypes (amnestic MCI, amdMCI, nonamnestic
MCI and nmdMCI) and cognitively normal. The analysis for
Group A was also carried out for males and females separately to
examine any sex differences.
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Table 1. Demographics and covariates for cognitively normals, all MCIs and each of the MCI subtypes (mean 8 SD or percentages are

presented)

Sex, female
Age
Years of education
Smoked tobacco regularly
BMI
No diabetes
Fasting glucose, mmol/l
Ever had a heart attack
Diagnosed angina
Current depression
ApoE4 present
Ever had a transient ischemic attack
Ever had a stroke

Cognitively
normal

All MCI

aMCI

nMCI

amdMCI

nmdMCI

59.2
78.384.66
11.683.4
52
27.384.8
86.7
5.981.3
10.3
12.8
10.9
19.1
5.7
3.7

52.2
78.984.7
11.583.6
50.5
26.884.4
86.1
5.981.0
13
12.8
10.6
23.6
7.7
4.7

41
79.884.9
12.383.7
57
26.884.2
78.7
6.081.2
16.9
13.6
14.8
25.3
9
5.7

43.8
78.884.4
10.983.4
42
26.784.2
82.4
5.780.9
13.9
13.1
8.3
13.9
9.5
4.7

65
78.884.85
11.783.5
53
2785
77.5
5.781.1
8.8
10.1
7.8
28.2
2.5
5.1

62.5
75.882.5
10.884.1
50
25.983.3
87.5
5.380.6
8.7
16.7
16.7
45.8
12.5
0

Table 2. Contrast estimate (p values): normalized inflammatory markers and MCI diagnosis
VCAM-1
Group A
Normal < MCI
Males: normal < MCI
Females: normal < MCI

PAI-1

SAA

CRP

0.203 (0.010)
0.342 (0.002)

0.197 (0.052)

TNF-␣

IL-1␤

IL-6 IL-8 IL-10 IL-12p70

0.163 (0.031)
0.249 (0.019)

Group B
Normal < (n+nmd)MCI

0.268 (0.010)

0.255 (0.011)

0.789 (0.001)
0.631 (0.015)
0.627 (0.014)
–0.625 (0.018) 0.663 (0.012)
–0.271 (0.041)

0.704 (0.002)
0.631 (0.011)
0.532 (0.029)
0.597 (0.018)

Group C
Multivariate not significant
Group D
Normal < nmdMCI
aMCI < nmdMCI
nMCI < nmdMCI
amdMCI < nmdMCI
amdMCI < normal

0.424 (0.080)
0.454 (0.085)
0.469 (0.070)
0.511 (0.057)

0.571 (0.016)
0.672 (0.009)
0.562 (0.026)
0.534 (0.041)

0.694 (0.004)
0.744 (0.004)
0.662 (0.009)
0.656 (0.013)

Covariates include sex, age, years of education, ever smoked tobacco regularly, diabetes, glucose, stroke, transient ischemic attack, heart attack, angina, BMI, depression and APOE 4.

Results

Demographics
Table 1 presents general characteristics and covariates
of the study sample according to cognitively normal and
MCI classifications. There were no significant differences between cognitively normal and MCI individuals on
any of the covariate measures.
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Main Analyses
Results for the main analyses can be found in table 2.
For Group A, the multivariate Wilks’ Lambda F value was
1.97 (p = 0.034). Further contrasts revealed that individuals with MCI had higher levels of SAA (p = 0.010) and
TNF-␣ (p = 0.031) compared to cognitively normal. The
database was split by sex and it was found that for males,
individuals with MCI had higher levels of SAA (p = 0.002)
Trollor /Smith /Baune /Kochan /Campbell /
Samaras /Crawford /Brodaty /Sachdev

Table 3. OR (95% CI) for the significant contrasts in table 2
PAI-1
Group A
Normal < MCI
Males: normal < MCI
Females: normal < MCI

CRP

1.16 (0.87–1.55)
1.55 (1.01–2.40)

1.30 (0.84–2.01)

IL-1␤

IL-12p70

2.70 (1.05–6.91)
4.21 (1.53–11.6)
2.22 (0.82–6.0)
2.10 (0.76–5.87)

2.13 (0.86–5.22)
2.48 (0.94–6.57)
1.87 (0.72–4.88)
1.79 (0.67–4.80)

1.21 (0.91–1.63)
1.40 (0.94–2.14)

Group B
Normal < (n+nmd)MCI
Group D
Normal < nmdMCI
aMCI < nmdMCI
nMCI < nmdMCI
amdMCI < nmdMCI
amdMCI < normal

TNF-␣

SAA

2.0 (0.77–5.21)
1.38 (0.86–2.21)

1.43 (0.97–2.12)

1.51 (1.01–2.25)

1.55 (0.67–3.61)
1.36 (0.53–3.48)
1.10 (0.44–2.74)
1.36 (0.53–3.47)

3.33 (1.19–9.06)
2.96 (1.01–8.65)
2.51 (0.87–7.23)
3.61 (1.23–10.6)

The reference is the group that was shown to have significantly lower inflammation than the other group.

and CRP (p = 0.052), whereas for females, individuals
with MCI had higher levels of TNF-␣ (p = 0.019), reflecting a sex-specific effect.
For Group B, the multivariate Wilks’ Lambda F value
was 1.44 (p = 0.095). This result is an evident trend and
since Roy’s Largest Root F value was F = 2.03 (p = 0.028),
it was decided to proceed with the contrasts. These revealed that nonamnestic MCI patients (single and multiple domain grouped together) had increased levels of
TNF-␣ (p = 0.011) and SAA (p = 0.010) compared to cognitively normal.
For Group C, the multivariate Wilks’ Lambda F value of 1.37 was not significant (p = 0.127) and contrasts
were not performed.
For Group D, the multivariate Wilks’ Lambda F value
was 1.54 (p = 0.017). Further contrasts revealed that
nmdMCI had higher levels of TNF-␣ and SAA than cognitively normal (TNF-␣: p = 0.002; SAA: p = 0.001), aMCI
(TNF-␣: p = 0.011; SAA: p = 0.015), nMCI (TNF-␣: p =
0.029; SAA: p = 0.014) and amdMCI (TNF-␣: p = 0.018;
SAA: p = 0.012), after controlling for the covariates. Interestingly, nmdMCI participants also had increased
levels of IL-12p70 compared to cognitively normal (p =
0.004), aMCI (p = 0.004), nMCI (p = 0.009) and amdMCI
(p = 0.013) participants. IL-1␤ was also higher in nmdMCI than in cognitively normal (p = 0.016), nMCI (p =
0.026) and amdMCI (p = 0.041).
The inflammatory marker PAI-1 was significantly
higher in nmdMCI than in amdMCI (p = 0.018), and it
was also higher in cognitively normals than in amdMCI
(p = 0.041).

This is the first population-based study to investigate
the relationship between a comprehensive array of inflammatory biomarkers, MCI and its 4 subtypes. Higher
levels of some inflammatory markers, particularly SAA
and TNF-␣, were found in the MCI group compared to
those with normal cognitive function. This relationship
appeared to be driven predominantly by an association
between higher levels of SAA and TNF-␣ and nonamnestic MCI. However, there were notable sex differences,
with male MCI individuals having higher levels of SAA
and CRP, whereas female MCI individuals had higher
levels of TNF-␣ than the cognitively normal. This could
explain why Roberts et al. [32] failed to find an association between TNF-␣ and MCI, especially since their
MCI sample had more (p = 0.06) men than the non-MCI
sample.
Our findings related to TNF-␣ are congruent with
previous studies by other groups investigating MCI [9,
10]. Elevated TNF-␣ levels have been found in individuals with AD, but at an even greater magnitude [10], suggesting a dynamic relationship between neurodegeneration and this acute phase protein. It would be best to investigate the dynamics of this relationship in future
longitudinal studies of elderly populations that measure
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OR and 95% CI calculations were performed for each
significant contrast to estimate the effect size. These are
presented in table 3.

Discussion

573

change in both inflammatory marker level and cognition.
This is the first study to show that the association between TNF- ␣ and MCI is specific to females. Our results highlight the need to incorporate examination of
sex differences into future studies, but the sex-specific
effect of TNF- ␣ on cognitive function could have a
number of explanations. At one level, our observation of
sex differences in the association between TNF- ␣ and
MCI may reflect a true sex difference. However, we cannot exclude an impact of the inaccuracy of BMI, a covariate in our analysis, as a measure of adiposity in the
elderly. TNF- ␣ has been repeatedly associated with
measures of adiposity [48–52] and adiposity has itself
been shown to be associated with cognitive deficits
throughout life [53–58]. We attempted to account for
adiposity and its effects by including BMI as a covariate.
However, BMI is not an accurate measure of adiposity
in the elderly and fails to capture discrepancies in body
fat distribution between sexes [59]. We will have the opportunity to further investigate this issue in our cohort
as we have commenced collection of more comprehensive body composition measures, including dual-energy
X-ray absorptiometry.
The results suggest that the relationship between
TNF- ␣ in nondemented community-dwelling elderly is
more complex than previously recognized, in that TNF␣ is more strongly associated with nonamnestic MCI
subtypes. Indeed, compared to those with ‘low’ levels of
TNF- ␣, individuals designated as having ‘high’ levels of
TNF- ␣ (as defined by median split of TNF- ␣ levels)
were more than 3 times as likely to have nmdMCI compared to cognitively normal (OR: 3.33). Those with
nmdMCI are considered to be at risk of progression to
non-AD dementias [60]. Indeed, as described earlier,
TNF- ␣ has been found to be higher in VaD than in late
onset AD [14], even after controlling for cardiovascular
factors.
To the best of our knowledge, this is the first study to
show that individuals with MCI have higher levels of
SAA compared to cognitively normal, and this effect
seems stronger in males. Our results appeared to be
dominated by the association between SAA level and
nonamnestic MCI. When compared to those with ‘low’
levels of SAA, those individuals designated as having
‘high’ SAA levels (as defined by median split), were almost 1.5 times as likely to have nonamnestic (multiple
and single domain) MCI compared to normal cognitive
function (OR: 1.43). Our work examining the association between SAA and cognitive domains suggests that
574
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raised SAA is specifically associated with poorer performance on psychomotor function and processing speed
[Trollor et al., unpubl. data]. Together with the current
results, we hypothesize that SAA interacts with vascular
risk factors to adversely affect subcortical structures.
The differences between men and women are not clearly understood, but will be investigated longitudinally. A
previous study, using a smaller and younger Afro-Caribbean sample and a limited cognitive test battery,
failed to find a relationship between SAA and cognitive
decline after 3 years of follow-up [61], but they did not
stratify by sex.
Our study found a trend (p = 0.052) that individuals
with MCI have higher levels of CRP compared to cognitively normal, especially in males. Higher CRP levels
have been found in individuals with cognitive impairment without dementia [33] and in those with nonamnestic MCI [32]. Both CRP and SAA are usually found
to be high at the same time in other diseases [62] since
both are released by the liver as part of an acute phase
response to proinflammatory stimuli [63]. CRP has
been repeatedly associated with increased risk of cardiovascular disease [64, 65]. Longitudinal data relating to the outcome of our male participants with MCI
will be of particular interest, especially if shown to be
more likely to develop VaD. The higher incidence of
VaD observed in men is consistent with this hypothesis
[66].
Our study found significantly higher levels of IL-12p70
in individuals with nmdMCI compared to cognitively
normal, aMCI, nMCI and amdMCI. When compared to
those with ‘low’ levels of IL-12p70, those individuals designated as having ‘high’ IL-12p70 levels (as defined by
median split), were about twice as likely to be classified as
nmdMCI compared to cognitively normal (OR: 2.13),
aMCI (OR: 2.48), nMCI (OR: 1.87) or amdMCI (OR:
1.79). Elevated levels of IL-12p70 have been found in individuals with mild and moderate AD [30], but it has not
been previously associated with poor cognitive performance [25] in elderly populations in general. This raises
a possibility that raised IL-12p70 has a specific association with cognitive impairment, and should be examined
in longitudinal studies for its capacity to predict cognitive
decline.
Higher levels of PAI-1, a biomarker suggested to be
neuroprotective [67], were found in cognitively normal
and nmdMCI compared to amdMCI, raising the possibility that PAI-1 may offer specific protection from memory impairment. This is supported by several studies that
have shown PAI-1 protects hippocampal neurons from
Trollor /Smith /Baune /Kochan /Campbell /
Samaras /Crawford /Brodaty /Sachdev

oxygen-glucose deprivation injury [68]. Indeed, PAI-1
was positively and significantly (p = 0.007) correlated to
the memory scores that we used to determine the classification of our participants.
Our study found an association between IL-1␤ and
nmdMCI, and in this regard resembles a previous finding
which showed that multiple domain MCI had levels of IL1␤ comparable to those with AD and significantly higher
than those with aMCI and nMCI [34]. Unfortunately,
Forlenza et al. [34] did not separate multiple domain MCI
into amnestic and nonamnestic subtypes in order to
identify the specificity of these findings, making further
comparison difficult.
It is interesting to note that the majority of the associations relate higher inflammation to nmdMCI, while
PAI-1 was downregulated among amdMCI when compared to controls and nmdMCI. These findings suggest a
differential pattern of over- and underexpression of inflammatory markers that point towards particular impairments, rather than a single diagnostic measure. It
could be hypothesized that a threshold effect exists where
an increase in low-grade inflammation increases the risk
for amnestic MCI and AD while broad overexpression
over a number of inflammatory markers changes the risk
to nonamnestic MCI and non-AD dementia. This hypothesis requires further investigation by use of a longitudinal design.
The current study did not identify an association between IL-8 and MCI, yet an association between high levels of IL-8 and poor cognitive performance, particularly
in tests of executive function, has previously been reported [25] in a sample of community-dwelling elderly. Our
own analysis of data from this sample [Trollor et al., unpubl. data] revealed a selective impact of IL-8 on executive function, in itself insufficient to influence MCI classification.
This study did not find associations between MCI and
IL-6, yet IL-6 has been shown in some studies to accompany dementia and predict cognitive decline. The relationship between IL-6 and inflammation is complex and
context-specific. Indeed, overexpression of IL-6 has been
shown to be both detrimental to disorders of the central
nervous system and also to have anti-inflammatory, immunosuppressive and other benefits in special conditions [69]. Thus, IL-6 may be elevated in the context of
established and widespread pathology, but may not be
elevated in conditions such as MCI, which is known to
have a range of possible origins and a variety of outcomes.

It has been suggested that measuring a single biomarker will not be sufficient to identify preclinical AD
[70, 71]. Indeed, a recent study showed the power of combining multiple biomarkers, demonstrating that such a
combination of 18 biomarkers could predict the progression to AD among 22 MCI individuals with 90% accuracy [72]. Further investigations that measure a range of
biomarkers at different stages of decline are needed in
order to better understand the role of inflammation on
cognition [73]. The role of measurement of systemic inflammation in this context awaits exploration in longitudinal studies.
This study has a number of strengths. Specifically, it
has a large population-based design, measuring 10 inflammatory biomarkers and adjusting for multiple potential confounding covariates. Our diagnosis of MCI
was informed by detailed history and comprehensive
neuropsychological assessment. This sample will be followed to investigate the longitudinal association between
inflammation and cognitive decline and progression to
dementia.
The study also has various limitations that must be
acknowledged. First, no cause-effect relationship could
be established in this study due to its correlational design, but as stated earlier, this sample is being followed
longitudinally, providing prospective data for hypotheses regarding causal links. Second, the cognitively normal were aged individuals who did not fit our criteria
for MCI; however, it is possible that some of this group
already had preclinical disease-related changes, including early cognitive decline not captured by the current
MCI criteria. Therefore, associations that approached
but did not reach significance should be evaluated positively. Third, we recognize the limitations of the ‘MCI’
syndrome [74] as currently defined [75], given its shifting boundary related to the specific criteria used to establish cognitive impairment [76] and its limited capacity to convey reliable information regarding clinical trajectory.
In conclusion, this study supports the concept that
those with MCI, particularly nmdMCI, are more likely to
have higher levels of low-grade systemic inflammation.
Given the recognized association between systemic inflammation and dementia, future study of the impact of
systemic inflammation on the further progression of
MCI is indicated.

Systemic Inflammation and MCI

Dement Geriatr Cogn Disord 2010;30:569–578

575

Acknowledgements
This study was supported by a Dementia Research Grant, from
the Australian National Health and Medical Research Council
(Grant ID 510124).
The Sydney MAS is supported by the Australian National
Health and Medical Research Council Program Grant (Grant ID
350833). The authors wish to acknowledge the contributions of
Brain and Ageing Research Program Staff, especially Dr. Kristan
Kang, Dr. Simone Reppermund and Dr. Melissa Slavin, as well as
all MAS participants.

DNA was extracted by Genetic Repositories Australia, which
is supported by an Australian National Health and Medical Research Council Grant (Grant ID 401184). Arezoo Assareh and Dr.
Karen Mather undertook the APOE genotyping in the laboratory
of Dr. Peter Schofield and Dr. John Kwok at Neuroscience Research Australia.

References
1 Petersen RC: Mild cognitive impairment as a
diagnostic entity. J Intern Med 2004; 256:
183–194.
2 Petersen RC, Negash S: Mild cognitive impairment: an overview. CNS Spectr 2008;13:
45–53.
3 Landau SM, Harvey D, Madison CM, Reiman EM, Foster NL, Aisen PS, Petersen RC,
Shaw LM, Trojanowski JQ, Jack CR Jr, Weiner MW, Jagust WJ, on behalf of the Alzheimer’s Disease Neuroimaging Initiative:
Comparing predictors of conversion and decline in mild cognitive impairment. Neurology 2010;75:230–238.
4 Sperling R, et al: Proposed criteria for preclinical Alzheimer’s disease. 2010. http://
www.alz.org/research/diagnostic_criteria/.
5 Giunta B, Fernandez F, Nikolic WV, Obregon D, Rrapo E, Town T, Tan J: Inflammaging as a prodrome to Alzheimer’s disease. J
Neuroinflammation 2008;5:51–66.
6 Duong T, Nikolaeva M, Acton PJ: C-reactive
protein-like immunoreactivity in the neurofibrillary tangles of Alzheimer’s disease.
Brain Res 1997;749:152–156.
7 Dimopoulos N, Piperi C, Salonicioti A, et al:
Indicies of low-grade chronic inflammation
correlate with early cognitive deterioration
in an elderly Greek population, Neurosci
Lett 2006;398:118–123.
8 Engelhart M, Geerlings MI, Meijer J, Kiliaan
A, Ruitenberg A, van Swieten JC, Stijnen T,
Hofman A, Witteman JCM, Breteler MMB:
Inflammatory proteins in plasma and the
risk of dementia. Arch Neurol 2004;61:668–
672.
9 Alvarez A, Cacabelos R, Sanpedro C, GarciaFantini M, Aleixandre M: Serum TNF- ␣ levels are increased and correlate negatively
with free IGF-I in Alzheimer disease. Neurobiol Aging 2007;28:533–536.
10 Bermejo P, Martin-Aragon S, Benedi J, et al:
Differences of peripheral inflammatory
markers between mild cognitive impairment
and Alzheimer’s disease. Immunol Lett
2008;117:198–202.

576

11 Deniz-Naranjo MC, Munoz-Fernandez C,
Alemany-Rodriguez MJ, Perez-Vieitez MC,
Aladro-Benito Y, Irurita-Latasa J, SanchezGarcia F: Cytokine IL-1 beta but not IL-1 alpha promoter polymorphism is associated
with Alzheimer disease in a population from
the Canary Islands, Spain. Eur J Neurol
2008;15:1080–1084.
12 Licastro F, Pedrini S, Caputo L, et al: Increased plasma levels of interleukin-1, interleukin-6 and ␣-antichymotrypsin in patients with Alzheimer’s disease: peripheral
inflammation or signals from the brain? J
Neuroimmunology 2000;103:97–102.
13 Singh VK, Guthikonda P: Circulating cytokines in Alzheimer’s disease. J Psychiatr Res
1997;31:657–660.
14 Zuliani G, Ranzini M, Guerra G, Rossi L,
Munari MR, Zurlo A, Volpato S, Atti AR, Ble
A, Fellin R: Plasma cytokines profile in older
subjects with late onset Alzheimer’s disease
or vascular dementia. J Psychiatr Res 2007;
41:686–693.
15 Zuliani G, Cavalieri M, Galvani M, et al:
Markers of endothelial dysfunction in older
subjects with late onset Alzheimer’s disease
or vascular de mentia. J Neurological Sci
2008;272:164–170.
16 Paganelli R, Di Iorio A, Patricelli L, Ripani F,
Sparvieri E, Faricelli R, Iarlori C, Porreca E,
Di Gioacchino M, Abate G: Proinflamatory
cytokines in sera of elderly patients with dementia: levels in vascular injury are higher
than those of mild-moderate Alzheimer’s
disease patients. Exp Gerontol 2002; 37:257–
263.
17 Ravaglia G, Forti P, Maioli F, Chiappelli M,
Montesi F, Tumini E, Mariani E, Licastro F,
Patterson C: Blood inflammatory markers
and risk of dementia: The Conselice Study of
Brain Aging. Neurobiol Aging 2007; 28:
1810–1820.
18 Dik MG, Jonker C, Hack CE, Smit JH, Comijs HC, Eikelenboom P: Serum inflammatory proteins and cognitive decline in older
persons. Neurology 2005;64:1371–1377.

Dement Geriatr Cogn Disord 2010;30:569–578

19 Jordanova V, Stewart R, Davies E, Sherwood
R, Prince M: Markers of inflammation and
cognitive decline in an African-Caribbean
population. Int J Geriatr Psychiatry 2007;22:
966–973.
20 Schram MT, Euser SM, de Craen AJM, Witteman JC, Frolich M, Hofman A, Jolles J, Breteler MMB, Westendorp RGJ: Systemic
markers of inflammation and cognitive decline in old age. J Am Geriatr Soc 2007; 55:
708–716.
21 Teunissen CE, van Boxtel MPJ, Bosma, H,
Bosmans E, Delanghe J, De Bruijn C, Wauters
A, Maes M, Jolles J, Steinbusch HWM, de
Vente J: Inflammation markers in relation to
cognition in a healthy aging population. J
Neuroimmunology 2003;134:142–150.
22 Weaver JD, Huang MH, Albert M, Harris T,
Rowe JW, Seeman TE: Interleukin-6 and risk
of cognitive decline: MacArthur Studies of
Successful Aging. Neurology 2002; 59: 371–
378.
23 Yaffe K, Kanaya A, Lindquist K, Simonsick
EM, Harris T, Shorr RI, Tylavsky FA, Newman AB: The metabolic syndrome, inflammation and risk of cognitive decline. J Am
Med Assoc 2004;292:2237–2242.
24 Bruunsgaard H, Andersen-Ranberg K, Jeune
B, Pedersen AN, Skinhoj P, Pedersen BK: A
high plasma concentration of TNF- ␣ is associated with dementia in centenarians. J
Gerontol 1999;54A:357–364.
25 Baune BT, Ponath G, Golledge J, Varga G,
Arolt V, Rothermundt M, Berger K: Association between IL-8 cytokine and cognitive
performance in an elderly general population – the MEMO-Study. Neurobiol Aging
2008;29:937–944.
26 Elwan O, Madkour O, Elwan F, Mostafa M,
Helmy AA, Abdel-Naseer M, Shafy SA, Faiuomy NE: Brain aging in normal Egyptians:
cognition, education, personality, genetic
and immunological study. J Neurologic Sci
2003;211:15–22.

Trollor /Smith /Baune /Kochan /Campbell /
Samaras /Crawford /Brodaty /Sachdev

27 Komulainen P, Lakka TA, Kivipelto M, et al:
Serum high sensitivity C-reactive protein
and cognitive function in elderly women.
Age Aging 2007;36:443–448.
28 Ravaglia G, Forti P, Mailoi F, et al: Serum Creactive protein and cognitive function in
healthy elderly Italian community dwellers.
J Gerontol Med Sci 2005;60A:1017–1021.
29 Bagnoli S, Celline E, Tede A, Nacmias B, Piacentini S, Bessi V, Bracco L, Sorbi S: Association of IL-10 promoter polymorphism in
Italian Alzeimer’s disease. Neurosci Lett
2007;418:262–265.
30 Motta M, Imbesi R, Di Rosa M, Stivala F,
Malaguarnera L: Altered plasma cytokine
levels in Alzheimer’s disease: correlation
with the disease progression. Immunol Lett
2007;114:46–51.
31 Skoog I, Lernfelt B, Landahl S, Palmertz B,
Andreasson LA, Nilsson L, Persson A, Oden
A, Svanborg A: Fifteen-year longitudinal
study of blood pressure and dementia. Lancet 1996;347:1141–1145.
32 Roberts RO, Geda YE, Knopman DS, Boeve
BE, Christianson TJH, Pankratz VS, Kullo
IJ, Tangalos EG: Association of C-reactive
protein with mild cognitive impairment.
Alzheimers Dement 2009; 5:398–405.
33 Haan MA, Aiello AE, West NA, Jagust WJ:
C-reactive protein and rate of dementia in
carriers and non carriers of Apolipoprotein
APOE4 genotype. Neurobiol Aging 2008;29:
1774–1782.
34 Forlenza OV, Breno SD, Talib LL, Mendoza
VA, Ojopi E, Gattaz WF, Teixeira AL: Increased serum IL-1␤ level in Alzheimer’s disease and mild cognitive impairment. Dement Geriatr Cogn Dis 2009;28:507–512.
35 Sachdev P, Brodaty H, Reppermund S, Kochan NA, Trollor JN, Draper B, Slavin M,
Crawford J, Kang K, Broe A, Mather K, Lux
O, Memory and Ageing Study Team: The
Sydney Memory and Ageing Study (MAS):
methodology and baseline medical and neuropsychiatric characteristics of an elderly
epidemiological non-demented cohort of
Australians aged 70–90 years. Int Psychogeriatr 2010;19:1–17.
36 Danesh J, et al: Low grade inflammation and
coronary heart disease: prospective study
and updated meta-analyses. BMJ 2000; 321:
199–204.
37 Kuo HK, Yen CJ, Chang CH, Kuo CK, Chen
JH, Sorond F: Relation of C-reactive protein
to stroke, cognitive disorders, and depression in the general population: systemic review and meta-analysis. Lancet Neurol 2005;
4:371–380.
38 Strachan MWJ, Reynolds RM, Frier BM,
Mitchell RJ, Price JF: The relationship between type 2 diabetes and dementia. Br Med
Bull 2008;88:131–146.
39 Wärnberg J, Gomez-Martinez S, Romeo J,
Diaz LE, Marcos A: Nutrition, inflammation
and cognitive function. Ann NY Acad Sci
2009;1153:164–175.

Systemic Inflammation and MCI

40 Lezak MD, Howieson DB, Loring DW: Neuropsychological Assessment, ed 4. New York,
Oxford University Press, 2004.
41 Wilson CJ, Finch CE, Cohen HJ: Cytokines
and cognition: the case for a head-to-toe paradigm. J Am Geriatr Soc 2002;50:2041–2056.
42 Yesavage JA, Brink TL, Rose TL, Lum O,
Huang V, Adey MB, Leirer VO: Development
and validation of a geriatric depression
screening scale: a preliminary report. J Psychiatr Res 1983;17:37–49.
43 Sheikh JI, Yesavage JA, Brooks JO, III, Friedman LF, Gratzinger P, Hill RD, Zadeik A,
Crook T: Proposed factor structure of the
Geriatric Depression Scale. Int Psychogeriatr 1991;3:23–28.
44 Corder EH, Saunders AM, Strittmatter WJ,
et al: Gene dose of apolipoprotein E type 4
allele and the risk of Alzheimer’s disease in
late onset families. Science 1993; 261: 921–
923.
45 Hixson JE, Vernier DT: Restriction isotyping of human apolipoprotein E by gene amplification and cleavage with HhaI. J Lipid
Res 1990;31:545–548.
46 SPSS Statistics, Rel. 17.0.0. Chicago, SPSS
Inc., 2008.
47 Blom G: Statistical Estimates and Transformed Beta-Variables. New York, John
Wiley and Sons, 1958.
48 Zahorska-Markiewicz B, Janowska J, Olszanecka-Glinianowicz M, Zurakowski A:
Serum concentrations of TNF-alpha and soluble TNF-alpha receptors in obesity. Int J
Obes Relat Metab Disord 2000; 24: 1392–
1395.
49 Hotamisligil GS, Shargill NS, Spiegelman
BM: Adipose expression of tumor necrosis
factor-alpha: direct role in obesity-linked insulin resistance. Science 1993;259:87–91.
50 Kern PA, et al: The expression of tumor necrosis factor in adipose tissue: regulation by
obesity, weight loss, and relationship to lipoprotein lipase. J Clin Invest 1995; 95: 2111–
2119.
51 Hotamisligil GS, Arner P, Caro JF, Atkinson
RL, Spiegelman BM: Increased adipose expression of tumor necrosis factor-alpha in
human obesity and insulin resistance. J Clin
Invest 1995;95:2409–2415.
52 Berberoglu M: Evaluation of the correlation
between serum tumor necrosis factor-alpha
and relative body mass index (RBMI) in
childhood. J Pediatr Endocrinol Metab 2001;
14:543–547.
53 Li Y, Dai Q, Jackson JC, Zhang J: Overweight
is associated with decreased cognitive function among school-age children and adolescents. Obesity 2008;16:1809–1815.
54 Gunstad J, Paul RH, Cohen RA, Tate DF,
Spitznagel MB, Gordon E: Elevated body
mass index is associated with executive dysfunction in otherwise healthy adults. Compr
Psychiatry 2007;48:57–61.

55 Gustafson D: Life course of adiposity and dementia. Eur J Pharmacol 2008;585:163–175.
56 Naderali EK, Ratcliffe SH, Dale M: Obesity
and Alzheimer’s disease: a link between
body weight and cognitive function in the
old age. Am J Alzheimers Dis Other Demen
2009;24:445–449.
57 Cournot M, Marquie JC, Ansiau D, Martinaud C, Fonds H, Ferrieres J, Ruidavets JB:
Relation between body mass index and cognitive function in healthy middle aged men
and women. Neurology 2006;67:1208–1214.
58 Fergenbaum JH, Burce S, Lou W, Hanley
AJG, Greenwood C, Young TK: Obesity and
lowered cognitive performance in a Canadian First Nations population. Obesity 2009;
17:1957–1963.
59 Gallagher D, Visser M, Sepulveda D, Pearson
RN, Harris T, Heymsfield SB: How useful is
body mass index for comparison of body fatness across age, sex, and ethnic groups? Am
J Epidemiol 1996;143:228–239.
60 Busse A, Hensel A, Gühne U, Angermeyer
MC, Riedel-Heller SG: Mild cognitive impairment: long-term course of four clinical
subtypes. Neurology 2006;67:2176–2185.
61 Jordanova V, Stewart R, Davies E, Sherwood
R, Prince M: Markers of inflammation and
cognitive decline in an African-Caribbean
population. Int J Geriatr Psychiatry 2007;22:
966–973.
62 Sasazuki S, Inoue M, Sawada N, Iwasaki M,
Shimazu T, Yamaji T, Tsugane S, the Japan
Public Health Center-Based Prospective
Study Group: Plasma levels of C-reactive
protein and serum amyloid A and gastric
cancer in a nested case-control study: Japan
Public Health Center-based prospective
study. Carcinogenesis 2010;31:712–718.
63 Goldberger G, Bing DH, Sipe JD, Rits M, Colten HR: Transcriptional regulation of genes
enconding the acute phase protein CRP, SAA
and C3. J Immunol 1987;138:3967–3971.
64 Ridker PM, Haughie P: Prospective studies
of C-reactive protein as a risk factor for cardiovascular disease. J Investig Med 1998;46:
391–395.
65 Ridker PM, Cushman M, Stampfer MJ, Tracy
RP, Hennekens CH: Plasma concentration of
C-reactive protein and risk of developing peripheral vascular disease. Circulation 1998;
97:425–428.
66 Ruitenberg A, Ott A, van Swieten JC, Hofman A, Breteler MM: Incidence of dementia:
does gender make a difference? Neurobiol
Aging 2001;22:575–578.
67 Soeda S, Koyanagi S, Kuramoto Y, Kimura
M, Oda M, Kozako T, Hayashida S, Shimeno
H: Anti-apoptotic roles of the plasminogen
activator inhibitor-1 as a neurotropic factor
in the central nervous system. Thromb Hemost 2008;100:1014–1020.
68 Flavin MP, Zhao G: Tissue plasminogen activator protects hippocampal neurons from
oxygen-glucose deprivation injury. J Neurosci Res 2001;63:388–394.

Dement Geriatr Cogn Disord 2010;30:569–578

577

69 Akiyama H, et al: Inflammation and Alzheimer’s disease. Neurobiol Aging 2000; 21:
383–421.
70 Borroni B, Premi E, Di Luca M, Padovani A:
Combined biomarkers for early Alzheimer
disease diagnosis. Curr Med Chem 2007; 14:
1171–1178.
71 Teunissen CE, de Vente J, Steinbusch HWM,
de Bruijn C: Biochemical markers related to
Alzheimer’s dementia in serum and cerebrospinal fluid. Neurobiol Aging 2002; 23: 485–
508.

578

72 Ray S, Britschgi M, Herbet C, TakedaUchimura Y, Boxer A, et al: Classification
and prediction of clinical Alzheimer’s diagnosis based on plasma signalling proteins.
Nat Med 2007;13:1359–1362.
73 Wyss-Coray T: Inflammation in Alzheimer
disease: driving force, bystander or beneficial response? Nat Med 2006;12:1005–1015.
74 Visser PJ, Brodaty H: For debate: MCI is not
a clinically useful concept. Int Psychogeriatr
2006;18:402–409.

Dement Geriatr Cogn Disord 2010;30:569–578

75 Winblad B, Palmer K, Kivipelto M, et al:
Mild cognitive impairment – beyond controversies, towards a consensus: report of the
International Working Group on Mild Cognitive Impairment. J Intern Med 2004; 256:
240–246.
76 Kochan N, Slavin M, Brodaty H, Crawford J,
Trollor J, Draper B, Sachdev P: Impact of different impairment criteria on prevalence of
‘objective’ mild cognitive impairment in a
community sample. Am J Geriatr Psychiatry,
in press.

Trollor /Smith /Baune /Kochan /Campbell /
Samaras /Crawford /Brodaty /Sachdev

