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Introduction 
Many factors such as cerebrovascular accidents, hypothyroidism, 

heart failure, vitamin deficiencies, hepatic impairment, depression, 
drug and alcohol abuse, toxins, infections, metabolic and structural 
causes influence cognitive function that can lead to mild cognitive 
impairment, dementia and Alzheimer’s disease. Furthermore MCI is 
also linked to obesity, vascular disease, dyslipidemia, inflammation and 
oxidative stress [1-4]. Mild cognitive impairment (MCI) is a common 
age related phenomenon, which may be a pre-clinical stage of dementia 
in general and Alzheimer´s Disease (AD) specifically. Episodic memory 
is most often affected by cognitive impairment, which can lead to AD 
dementia [5]. How MCI is identified and whether it is affected by 
dyslipidemia, inflammation and oxidative stress is important in clinical 
practice as it can determine treatment priorities.

Oxidative stress and inflammation associated with vascular disease 
have been proposed to be early markers of cognitive decline and one 
study suggested that the level of oxidative markers is directly related 
to the severity of cognitive impairment [6]. Previous research has also 
shown a possible link between oxidative stress and cytokine production 
[7]. Expression of inflammatory cytokines in neuronal cells suggests 
that inflammation and the production of ROS are closely related in 
the progression of cognitive decline [8]. Cholesterol has also been 
implicated with a causative role in MCI [9]. However controversy still 
exists whether inflammation and MCI are related [10].
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 Abstract
Alzheimer’s disease and dementia have been shown to be associated with various inflammatory markers. 

However the association between mild cognitive decline (MCI) and inflammation is not conclusive. Determining MCI 
requires a battery of tests of which the Stroop battery is one that is often used to assess cognitive function. The 
current study investigated the level of inflammation and the correlation to the RIT and NIT assessment of MCI in a 
rural cohort attending a health screening clinic.

Ninety-six participants free of diagnosed MCI undertook the Stroop testing battery and were divided into a short 
reaction time (SRT) and a long reaction time (loRT) group based on the RIT and NIT results. Serum Interleukin 
(IL-10, IL-6, IL1-β), Insulin-like Growth Factor-1 (IGF-1), C-Reactive Protein (CRP) and the Monocyte Chemotactic 
Protein-1 (MCP-1) levels were measured using commercial ELISA kits.

CRP was significantly higher in the hiRT group based on RIT (p=0.022). IL-1 β was associated with NIT (p=0.039). 
MCP-1 was significant only for NIT (p<0.01). The IL-10 (p<0.01) was significantly lower (p=0.0096) and the IL-6/IL-10 
ratio significantly higher in the hiRT group regardless whether RIT or NIT was used (p<0.03).

The study extends previous work indicating an association between cognitive function measured by the Stroop 
battery and inflammation. IL-10 and the IL-6/IL-10 ratio are the most appropriate markers to use to assess the level 
of inflammation associated with reaction time and hence cognitive function.
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Cognitive tests are commonly used to determine the presence of 
MCI. Scores on cognitive tests for individuals with MCI are typically 1
to 1.5 standard deviations below the mean for their age and education
matched peers on culturally appropriate normative data [5]. Examples
of such test batteries include the Differential Aptitude Test Battery,
Cambridge Neuropsychological Test Automated Battery (CANTAB)
[11] and the Vienna Cognitive Test Battery [12].

The Vienna Cognitive Test Battery includes a number of tests for
attention, memory and visiospatial skills of which the color-word 
interference tendency, (Stroop) test has been extensively investigated 
and often used as part of a test battery to diagnose MCI and vascular 
disease [13]. The principle of the Stroop test [14] is that it is harder for 
an individual, to name the color of the writing if the word is written 
in a different color than if naming the color of the word written in the 
same color. Test results are interpreted by the median reaction time 
(seconds) and/or the number of incorrect responses made in relation to 
congruent and incongruent words. The interference between congruent 
and incongruent words can then be a predictor of MCI as interference 
deficits may be present before cognitive decline symptoms reach 
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clinical levels [15]. The results of the Stroop test can then be applied 
to determine whether certain inflammatory markers are raised or 
deficient in MCI.

Cytokines are inflammation biomarkers, which play a role in 
enhancing or preventing disease progression. An imbalance of pro and 
anti-inflammatory cytokines, which may be caused by dyslipidemia 
and leading to inflammatory cascades is related to changes in the 
levels of interleukin-6 (IL-6) and increases in other cytokines such as 
interleukin-1β (IL1-β) production [16]. The pro-inflammatory IL1-β is 
a crucial factor contributing to MCI and is a possible tool to predict 
neurodegenerative diseases [17]. 

Much of the current published research on MCI investigated only 
one specific biomarker and reported associations with either the Stroop 
RIT or NIT scores but did not apply both Stroop tests. C-reactive 
protein (CRP) [18], Interleukin-12 (IL-12) [19], Interleukin-1 (IL-1) 
[20], tumor necrosis factor-α (TNF-α) [21] and monocyte chemotactic 
protein-1 (MCP-1) [22] have been shown to significantly increase 
or decrease in MCI. The link between pro-inflammatory and anti-
inflammatory biomarkers and cognitive decline has only been shown 
in one study of patients with early or late onset Alzheimer’s disease 
(LOAD) [23], reporting a significant higher serum IL-6 level in the 
LOAD group and a significant correlation with high serum IL-10 levels. 
In addition results of previous research investigating the relationship 
between MCI and inflammation are not conclusive and may be non-
specific [10,24]. The role of anti-inflammatory biomarkers and their 
interaction with pro-inflammatory cytokines has not been investigated 
in the context of Stroop results [25,26]. The current study therefore 
aimed at investigating the association of pro- and anti-inflammatory 
biomarkers using both RIT and NIT to determine whether an 
association exists between various inflammatory markers and the 
Stroop RIT and NIT score. 

Methods 
The study was approved by the University Ethics in the Human 

Research Committee (Ethics approval number: 2006/042). Informed 
consent was obtained from each participant after providing a 
comprehensive outline of the project and methods followed by 
answering any questions participants may have had. 

Study population 

For the present study, 132 participants were recruited attending 
a rural health screening clinic for cognitive function testing using 
the Stroop test battery and analysis of blood biomarkers. We divided 
the results into a low reaction time (loRT) and high reaction time 
(hiRT) group based on the RIT or NIT results. Twenty-nine patients 
were excluded because blood samples were not available, while seven 
others did not complete the cognitive function tests. The final number 
of participants for the study was 96. The cut-off values for hiRT using 
RIT or NIT were determined from 25 patients attending the health 
screening clinic who reported no hypertension (HT), cardiovascular 
disease (CVD), diabetes, psychiatric disease or cognitive difficulty 
and presented the baseline values. The cut-off values for the reading 
interference test (RIT) and naming interference test (NIT) were then 
determined by setting the T-score value of the Stroop test results for 
RIT and NIT equal to 60, which represents one standard deviation from 
the normalized mean of the baseline group. This provided a cut-off for 
RIT of >240 milliseconds (ms), and for NIT of >680 ms. Scores below 
the cut-off were deemed as loRT and represent the 0-85th centile for the 
current cohort. 

Comorbidities presenting in patients such as diabetes were defined 
as fasting plasma glucose levels (FPG) ≥ 126 mg/dL (7 mmol/l) [27]. 
Hypertension was defined as a systolic blood pressure (SBP ≥ 140 
mmHg or self-reported hypertension with or without medication use. 
CVD was identified by 12-lead ECG, self-reported clinical history and 
use of medication. 

Chemicals 

The blood samples were analyzed using ELISA kits (Elisakit.com, 
Melbourne, Australia) (Interleukin-6 (human) Elisa kit Lot No. 120925, 
Interleukin-10 (human) Elisa kit No. 13426, Interleukin-1β (human) 
Elisa kit Lot No. 141208, Insulin-like growth factor-1 (IGF-1) (human) 
Elisa kit Lot No. 130807, and Monocyte chemotactic protein (MCP-1) 
Elisa kit Lot No. 150413. 

Sample preparation 

Fasting plasma glucose (FPG) levels were determined using the 
Accu-Chek® system (Roche Australia Pty Ltd). All centrifugation 
procedures for the blood preparation were performed with a Universal 
32R (Hettich Zentrifugen, Germany). The photometric measurements 
to determine the levels of biomarkers in blood were carried out with 
a Thermo Scientific Multiskan FC (Fisher, China) [28]. Venous blood 
was collected into serum-separating-tubes (SST) and stored at -80ºC 
until analysis. All samples and standards were measured in duplicates. 
Blank and seven standards were used for each Elisa assay. The sample 
concentrations were calculated by four parameter logistic ELISA curve 
fitting software provided online by elisaanlaysis.com software (Thermo 
Scientific Multiskan FC). 

Vienna cognitive test battery 

All participants completed the Stroop test included with the Vienna 
Cognitive Test Battery. Two baseline conditions and two interference 
conditions were included in the Stroop test. First, a color-word is 
displayed in grey and the patients had to read and then choose the 
correct color field with a light-pen (for example, the color-word “blue” 
written in grey, the answer is the blue-color). In a second case, the 
patients have to choose the correct color of a color-line by saying the 
color of the banner aloud (if the banner is “red”, the answer is the red 
color). Third, for reading-color interference, the patients have to read 
the color word aloud and disregard the color the word is written in. (for 
example, the color-word “yellow” written in green, the patients have to 
read aloud yellow and choose the yellow color. The last test addresses 
naming-word interference. The patients have to name aloud the color, 
in which the word is written and choose this color (for example, the 
color-word “red” written in green, the patients have to say aloud “green” 
and choose the green-color. The Stroop test is based on how relevant 
and irrelevant information are processed by the brain in parallel. As the 
processing speed for reading a word is faster than naming a color and 
more strongly automatized, it interferes with the task of naming the 
color, when the color stimulus presented on the screen and the color in 
which the color word is written are different.

Statistical analysis 

Data were collected using Microsoft Excel (Office 2007, Microsoft) 
and descriptive data is expressed as mean ± standard deviation (x ± SD). 
Statistical analysis was performed with SPSS (Version 22, IBM Co). To 
determine if there were significant differences in biomarker levels between 
the control and mild cognitive impairment, two samples Wilcoxon Rank 
Sum Test was used. A p-value of p ≤ 0.05 was considered as significant. 
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Figure 3 indicates an increase in the IL-6/IL-10 ratio when applying 
RIT of 8% (p=0.016) and an increase of 40% for NIT (p=0.019). 

Values shown in bar plots are the normalised means ± SD of the 
ratio IL-6/IL-10.

Discussion
Cognitive decline due to vascular impairment without dementia as 

a disease entity has gained increased recognition in clinical practice. 
MCI can be diagnosed by a battery of tests including the Stroop test. 
Our results indicate that whether a difference in inflammation markers 
is observed between the low reaction time compared to the high 
reaction time group based on the Stroop test is observed depends on 
whether the RIT or NIT is used. 

An elevated Stroop reaction time score and therefore a possible risk 
of developing MCI were linked with a higher mean CRP level and a 
lower IL-10 level when the RIT score was used. Higher reaction time 
scores with the NIT test were significantly associated with lower MCP-

Results 
Anthropometric data for the 96 adults who completed the cognitive 

function tests and for whom blood samples were available is shown in 
Table 1. All participants were older than 40 years. Sixty-two per cent 
of the study participants in the low reaction time Stroop group were 
women versus 35.7% in the high reaction time Stroop group. The mean 
age of the loRT Stroop group was 67 years and not significantly different 
to the hiRT Stroop group. Only CVD and HDL-Cholesterol were 
significantly different between the loRT and the hiRT group (p<0.05).

For the RIT our cut-off was 240 ms and the cut-off for NIT was 668 
ms. Reaction times were determined based on the RIT and NIT Stroop 
results and presented separately.

Mean cytokines levels were determined with respect to the RIT and 
NIT test results. For RIT, serum CRP levels were significantly higher 
in the hiRT group compared with the loRT group (increase of 50%, 
p=0.022) (Figure 1) and IL-10 was significantly lower with a decrease 
of 16.7% (p=0.0096). 

Values shown in the bar plots are the normalized means ± SD 
of all inflammatory biomarkers. The white bar plots represents the 
participants, who have a RIT value below the cut-off (<240 ms). The 
grey bar plots represents the participants, who have a RIT value above 
the cut-off (>240 ms).

MCP-1 was significantly lower in the hiRT Stroop group when the 
NIT classification was applied, (7.8%, p=0.003). The hiRT group also 
demonstrated a significant increase in IL-1β levels of 49% (p=0.039) 
but IL-1β levels were not significantly increased on the basis of RIT 
(increase of 36% compare Figures 1 and 2). 

Only IL-10 levels decreased significantly regardless of the Stroop 
test (RIT: p=0.0096 and NIT: p=0.003).

The interactions between pro- and anti-inflammatory markers 
are an important component of disease progression. To obtain an 
understanding of this balance we used the ratio between IL-6, a pro-
inflammatory cytokine and IL-10, an anti-inflammatory cytokine. 

 
Abbreviations: CRP: C Reactive Protein; IGF-1: Insulin-like Growth-Factor-1; IL-1β: Interleukin-1β; IL-6: 
Interleukin-6; IL-10: Interleukin-10; MCP-1: Monocyte Chemotactic Protein-1; RIT: Reading Interference Test
#: p<0.06; **: p<0.03; ***: p<0.01

Figure 1: Impact of reading interference test score on normalised cytokine levels.
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Figure 1: Impact of reading interference test score on normalised cytokine 
levels.
Abbreviations: CRP: C Reactive Protein; IGF-1: Insulin-like Growth-Factor-1; 
IL-1β: Interleukin-1β; IL-6: Interleukin-6; IL-10: Interleukin-10; MCP-1: Monocyte 
Chemotactic Protein-1; RIT: Reading Interference Test
#: p<0.06; **: p<0.03; ***: p<0.01

Abbreviations: CRP: C Reactive Protein; IGF-1: Insulin-like Growth-Factor 1; IL-1β: Interleukin-1β; IL-6: Interleukin-6; 
IL-10: Interleukin-10; MCP-1: Monocyte Chemotactic Protein-1; NIT: Naming Interference Test
#: p<0.06; *: p<0.05; ***: p<0.01
Figure 2: Impact of naming interference test score on normalised cytokine levels.
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Figure 2: Impact of naming interference test score on normalised cytokine 
levels.
Abbreviations: CRP: C Reactive Protein; IGF-1: Insulin-like Growth-Factor 1; IL-
1β: Interleukin-1β; IL-6: Interleukin-6; IL-10: Interleukin-10; MCP-1: Monocyte 
Chemotactic Protein-1; NIT: Naming Interference Test
#: p<0.06; *: p<0.05; ***: p<0.01

Abbreviations: HT: Hypertension; CVD: Cardiovascular Disease.  TChol: Total 
Cholesterol; LDL-Chol: Low-Density Lipoprotein Cholesterol; HDL-Chol: High-
Density Lipoprotein Cholesterol; HbA1c: Glycated Haemoglobin; TG: Triglycerides; 
SBP: Systolic Blood Pressure; DBP: Diastolic blood pressure
*: p<0.05

Table 1: The demographics of high Stroop patients and low Stroop patients.

Low Stroop High Stroop 
Size (n) 82 14
Gender (women) % 62.2 35.7
Age (years) 67.0 ± 9.5 69.7 ± 10.7
Glucose (mmol/L) 6.9 ± 2.8 6.8 ± 1.6
BMI (kg/m2) 28.6 ± 5.8 30.6 ±5.3
Waist (cm) 97.3 ± 14.8 102.9 ± 9.8
CVD (%) 22.8 53.9*
HT (%) 54.3 78.6
Type 2 Diabetes (%) 50.7 50.0
Tchol (mmol/L) 5.0 ± 1.1 4.5 ± 1.3
LDL-Chol (mmol/L) 2.9 ± 1.1 2.5 ± 1.2
HDL-Chol (mmol/L) 1.6 ± 0.5 1.3 ± 0.3*
HbA1c (mmol/L) 6.2 ± 0.9 6.2 ± 0.7
Tchol/HDL ratio 3.5 ± 1.3 3.7 ± 1.2
TG (mmol/L) 1.3 ± 1.5 1.5 ± 0.7
SBP (mmHg) 131.3 ± 17.9 130.9 ± 13.4
DBP (mmHg) 76.0 ± 7.6 76.1 ± 8.1
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1, and IL-10 but higher IL-1β levels. Previous studies demonstrated 
higher level of IL-1β in serum samples of MCI patients [17], and AD 
patients [29,30], with the AD group having a  mean age similar to our 
study. Similarly, Koziorowski et al. [31] detected higher IL-1β levels, 
but no statistically significant change was demonstrated in Parkinson’s 
disease patients. We found a significant increase in IL-1β only in the 
hiRT group based on the NIT results. The difference in whether IL-1β 
was significantly increased in the hiRT group depended on which of 
the two Stroop tests was used (RIT versus NIT) for defining the high 
reaction time group. This highlights the need to be aware that cognitive 
function test results may reflect different neurological functions as 
suggested by the current results following the reading and naming 
interference tests.

Mean levels of the anti-inflammatory marker MCP-1 were 
significantly lower for the NIT. Our results in this case are in disagreement 
with some previous studies that have shown MCP-1 to be increased in 
MCI patients [22]. However Galimberti et al. [22] demonstrated that 
MCP-1 elevation is a very early event in AD pathogenesis and decreases 
with AD progression. The findings of Galimberti et al. [22] suggest that 
NIT may be a sensitive test for early AD. However the current study 
did not include MCI nor AD patients but investigated the association 
between inflammation and low or high reaction times determined 
with the Stroop battery. Therefore the significantly lower MCP-1 level 
observed in the high reaction time group suggests a possibly different 
pathophysiology compared to that of developing AD. 

We also studied the association of the anti-inflammatory IL-
10 and reaction times on the Stroop test. IL-10 acts to diminish 
pro-inflammatory cytokines [32]. What the role of IL-10 is in MCI 
pathology is not clear. Previous results have shown an increase and a 
decrease in IL-10 in association with Parkinson’s disease and multiple 
sclerosis that may have an MCI component [33]. Experiments with 
lipopolysaccharide (LPS) activated macrophages increased the level 
of IL-10 in AD patients [34]. In our study, participants with known 
Parkinson’s disease and multiple sclerosis were excluded and thus the 
significantly lower IL-10 levels may be due to IL-10 acting as an anti-
inflammatory cytokine in the hiRT group and is decreased due IL-10 
binding to certain transcription factors that decrease inflammatory 
activity or the increased reaction time observed in this group may be 
linked to IL-10 hypo-responsiveness.

IGF-1 was shown to be increased in association with the NIT in a 
cohort of 61 MCI patients, suggesting that IGF-1 is part of a complex 
response pattern [35]. We found no significant increase in IGF-1 
in the hiRT group but according to the literature, IGF-1 can also be 
a protecting factor against MCI suggesting that in our study IGF-1 
may be on the rise or already decreased due to its protective function 
in the high reaction time group [36]. A future study investigating 
progression of MCI may be able to clarify whether IGF-1 increases as 
MCI progresses. 

IL-6 was not significantly increased in our hiRT group regardless 
of whether MCI was defined on the basis of a high RIT or NIT score. 
However IL-6 was close to being significantly increased when hiRT 
was determined by NIT (p=0.052), supporting an increased IL-6 level 
reported previously in MCI patients [23,37,38]. Further, Dursun et 
al. [23] was the first to show a significant relationship between IL-6 
and IL-10 where high IL-6 levels led to an increased IL-10 level in 
an Alzheimer’s disease study. Our study consolidates this finding and 
shows that a similar pathophysiological relationship between IL-6 and 
IL-10 is found with hiRT. In our study the hiRT group had an elevated 
IL-6/IL-10 ratio, suggesting that anti and pro-inflammatory biomarkers 
interact as reaction times to the Stroop battery increase. CRP is one 
of the most common inflammatory cytokines studied in pathological 
processes. CRP was increased in MCI [39], AD, and T2DM [40], but 
there are two studies with no correlation between CRP levels and 
cognitive decline [41,42]. We found a significant increase in CRP when 
reaction time was increased based on the RIT score. 

According to the literature, NIT and RIT could be used together 
and can act in parallel to determine cognitive responses [43]. However 
the majority of studies found in the literature used only NIT for 
determining cognitive function or correlating with inflammation 
processes. We are the first study to report on the use the RIT and NIT 
to define reaction time to a cognitive function test battery and compare 
the test results with multiple inflammatory biomarker levels. We found 
that there were slight differences between the RIT and NIT tests with 
respect to inflammation levels in the hiRT group compared to the loRT 
group. Only IL-10 and the ratio IL-6/IL-10 were significantly different 
between the hiRT and loRT group independent of whether reaction 
time was determined by the RIT or NIT. These current results are more 
reliable as the use of two simultaneous tests can improve the specificity 
and sensitivity if we consider that a patient is classified as positive when 
both tests are positive and negative otherwise. Reliance on accurate 
results that reflect the clinical profile of the patient is necessary to 
provide timely and effective treatment. 

Conclusion 
Our study demonstrated that reaction time by either the NIT or 

RIT Stroop test results led to some discrepancies in terms of measured 
inflammatory differences between the loRT and hiRT groups. Only IL-
10 and IL-6/IL-10 were consistent between the two Stroop tests. It is the 
first study to demonstrate a connection between basic inflammatory 
biomarkers and behavioral data. Early cognitive neuropsychological 
testing and intervention can benefit patients, but the type of Stroop 
test used to determine reaction times needs to be considered if 
neuroinflammatory processes are investigated. 

Acknowledgement

The authors wish to acknowledge Roche Australia Ltd for providing blood 
glucose test strips and Glucose Reader. Simon McDonald from Spatial Data 
Analysis Network (SPAN) provided statistical support.

0.065

  0.06

0.055

  0.05

0.045

  0.04

0.035

  0.03

0.025

  0.02

0.065

  0.06

0.055

  0.05

0.045

  0.04

0.035

  0.03

0.025

  0.02

1 2< 241  m sec > 241 m sec

No
rm

al
is

ed
 v

al
ue

s

IL-6/IL-10
   RIT

IL-6/IL-10
   NIT

< 668  m sec

No
rm

al
is

ed
 v

al
ue

s

> 668 m sec

Figure 3: Impact of reading-naming interference tests score on normalised 
cytokine IL-6/IL-10 ratio. 
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