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Diagnostic accuracy of interleukin-6,
interleukin-10 and tumor necrosis
factor alpha cytokine levels in patients
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ABSTRACT. There is growing evidence suggesting an association between neurodegeneration and inflammation playing a role in
the pathogenesis of age-associated diseases, including Alzheimer’s disease (AD) and Mild Cognitive Impairment (MCI). Objective: A
systematic review and meta-analysis were performed to verify evidence on the diagnostic accuracy parameters of the inflammatory
cytokines interleukin-6 (IL-6), interleukin-10 (IL-10) and tumor necrosis factor alpha (TNF-cr). Methods: A search of Medical
Literature Analysis and Retrieval System Online (Medline), Scientific Electronic Library Online (SCiELO), Web of Science and Science
Direct databases was performed and nine observational studies associated with peripheral inflammatory biomarkers in MCl were
identified. Mean (+standard deviation — SD) concentrations of these biomarkers and values of true positives, true negatives, false
positives and false negatives for MCI and healthy controls (HC) were extracted from these studies. Results: Significantly higher levels
of IL-10 were observed in subjects in the MCI group and Mini-Mental State Examination (MMSE) scores were lower compared
to HC. For the other investigations, no differences were found between the groups. Our meta-analysis for the TNF-o; biomarker
revealed high heterogeneity between studies in terms of sensitivity and specificity. Conclusion: These findings do not support the
involvement of inflammatory biomarkers for detection of MCI, although significant heterogeneity was observed. More studies are
needed to evaluate the role of these cytokines in MCI, as well as in other stages of cognitive decline and all-cause dementias.
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Preciséo diagndstica dos niveis das citocinas IL-6, IL-10 e TNF-a em pacientes com comprometimento cognitivo
leve: revisdo sistematica e metanalise

RESUMO. Ha evidéncias crescentes que sugerem uma associagdo entre a neurodegeneracdo e a inflamacdo, desempenhando
um papel na patogénese de doengas associadas a idade, incluindo a doenca de Alzheimer (DA) e o comprometimento cognitivo
leve (CCL). Objetivo: Uma revisdo sistematica e metanalise foram realizadas para verificar evidéncias relativas aos parametros de
acuracia diagnostica das citocinas inflamatdrias interleucina-6 (IL-6), interleucina-10 (IL-10) e fator de necrose tumoral (TNF-c).
Métodos: Foi realizada uma busca nas bases de dados Medical Literature Analysis and Retrieval System Online (Medline), Scientific
Electronic Library Online (SCiELO), Web of Science e Science Direct, e foram identificados nove estudos observacionais associados a
biomarcadores inflamatdrios periféricos no CCL. As concentragdes médias (desvio padrao — +DP) desses biomarcadores e valores
de verdadeiros positivos, verdadeiros negativos, falsos positivos e falsos negativos para CCL e controles saudaveis (CS) foram
extraidos desses estudos. Resultados: Niveis significativamente mais elevados de IL-10 foram observados em individuos do grupo
CCL e os escores do Miniexame do Estado Mental foram mais baixos em comparagédo com o CS. Para as demais investigacdes néo
foram encontradas diferencas entre os grupos. Nossa metanalise para o biomarcador TNF-c revelou alta heterogeneidade entre
0s estudos em termos de sensibilidade e especificidade. Conclusao: Esses achados ndo apoiam o envolvimento de biomarcadores
inflamatdrios na deteccéo do CCL, embora tenha sido observada heterogeneidade significativa. Mais estudos sao necessarios para
avaliar o papel dessas citocinas no CCL, bem como em outros estagios de declinio cognitivo e deméncias de todas as causas.

Palavras-chave: Disfung&o Cognitiva; Inflamac&o; Interleucinas; Fator de Necrose Tumoral alfa.
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INTRODUCTION

he term mild cognitive impairment (MCI) had its

concept refined by Petersen and cols’, who defined it
for the first time as the initial stage of Alzheimer’s disease
(AD), predominantly characterized by a decline in memory
greater than expected for a specific age, but still not enough
for a dementia diagnosis. In 2004, the term was expanded
and began to be described not only as a phase of AD, but
was divided into four subtypes, thus covering other cogni-
tive domains and being associated with other etiologies®®.

Prevalence studies show conversion rates from MCI
to AD of around 10 to 15% per year, while in normal
individuals the progression to AD is 1 to 2% per year,
although an extensive variation in these rates is admit-
ted due to different methodological research strategies,
different cognitive assessment instruments, age of the
studied population and variability of operational diag-
nostic criteria®*.

Given the discrepancies found, studies have sought
to identify, with greater precision, useful biological bio-
markers that can be correlated to mechanisms that may
be involved in the development and progression of the
severity of cognitive impairment®. Increasing evidence
has suggested that high levels of cytokines can activate
microglia and astrocytes, that become the main effec-
tors of neuroinflammatory signals, causing neuronal
metabolic disorders and excitotoxicity, which contribute
to neuronal dysfunction and cognitive deterioration®.

Thus, believing that inflammatory processes are part
of the brain pathology of AD, studies show cytokines
such as interleukin (IL)-67'° as a marker of systemic
inflammation that has been associated with cognitive
decline, changes in brain morphology and increased risk
of dementia™'. Another potentially cited biomarker
is tumor necrosis factor alpha (TNF-q), an important
mediator of systemic inflammation and activator of
the central innate system. Its high levels in the blood
or cerebrospinal fluid (CSF) were observed in patients
diagnosed with AD**', being commonly associated with
neuronal dysfunction and death'.

On the other hand, research discusses interleukins
that can modulate inflammation, such as IL-10, where
high levels of this anti-inflammatory cytokine can act to
inhibit the production of other cytokines's. However, these
findings are still confusing and unclear, as well as limited.

In this scenario, the assessment of inflammatory
markers in individuals at risk of dementia may reflect a
more robust diagnostic measure and the conduct of this
research aimed to seek evidence of the diagnostic accu-
racy parameters of cytokines (IL-6, IL-10 and TNF-)
to resolve doubts and complement the detection of
MCI, thus providing support in clinical decision making.
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We also sought to highlight possible gaps relevant to
this topic present in the scientific literature that may
highlight the need for new, more careful studies.

METHODS

Study design

This is a systematic review with meta-analysis of ob-
servational studies. The protocol for this study was de-
signed in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses checklist
(PRISMA)Y of diagnostic test accuracy studies and Co-
chrane Collaboration recommendations. In addition, the
study was registered with the International Prospective
Register of Ongoing Systematic Reviews (PROSPERO),
under registration number ID: CRD42021254894.

Criteria for selection of studies

This review focused on observational studies in which
serum levels of the markers of interest, IL-6, IL-10 and
TNEF-q, in plasma or serum of patients with MCI were
compared. For the meta-analysis, those studies that
presented values of true positives (TP), true negatives
(TN), false positives (FP) and false negatives (FN) were
considered, in addition to informing the blinding of
participants and professionals involved in the diagnosis
and performance of the blood tests.

Types of participants

Studies were selected that included participants of both
sexes; aged = 50 years; diagnosed with MCI according
to the criteria of Petersen'®, and without a diagnosis of
dementia according to the Diagnostic and Statistical
Manual-IV (DSM-IV) and the National Institute of Neu-
rology and Communication Disorder and Stroke -The
Alzheimer’s disease and Related Disorders Association
Criteria (NINCDS-ADRDA)™,

Eligibility criteria
Studies were included in this systematic review if they
met the following eligibility criteria:

+ being associated with inflammatory biomarkers
(IL-6, IL-10, TNF-0) as predictors in the diagno-
sis of MCI;

+ including healthy controls (HC) and MCI patients
as participants;

+ having clearly described inclusion and exclu-
sion criteria;

+ describing diagnostic criteria and neuropsycho-
logical tests for assessing cognitive function.
No restrictions were used for MCI subtypes.



Exclusion criteria included:

+ articles that were associated with other diseases
and disorders, such as vascular dementia, schizo-
phrenia, depression, and others;

+ conference abstracts, letters to the editor, opin-
ion pieces or editorials;

+ literature or systematic reviews;

+ case studies without group-level statistics;

+ studies involving animals or works unrelated to
the topic addressed.

All longitudinal studies were considered, provided
they met the inclusion and quality criteria.

Search methods for identifying studies

Two researchers (BLLM and LLD) independently
performed data collection using the Medical Subject
Headings (MeSH) terms : “mild cognitive impairment”,

» o«

“cognitive dysfunction”, “inflammation mediators”,
“inflammation”, “interleukins”, “tumor necrosis factor
alpha” and other terms with a combination of Boolean
operators “AND” and “OR” in the following online da-
tabases: Medical Analysis and Retrieval System Online
— MEDLINE via PubMed; Scientific Electronic Library
Online (SciELO); Scopus (Elsevier); Web of Science
(now Clarivate Analytics); and Science Direct, with no
language restrictions to capture all possible relevant
titles. Manual searches were also performed in the
reference lists of included studies, related articles, ar-
ticle citations, and in the gray literature. All steps were
completed by August 2022.

The selected studies were reassessed by the other
authors (GKAL, GERM and ASSMS) to weigh the po-
tentially eligible works and determine whether they
actually met the selection criteria.

First, there was a reading of the abstracts and a
second screening by reading the full text of the other
articles. Disagreements were resolved by discussion and
consensus with other reviewers, if necessary. All articles
were managed in Rayyan Software (Intelligent System-
atic Review) which was also used to remove duplicates.
Figure 1 shows the flowchart (PRISMA) summarizing
the study selection process.

Data extraction and tabulation

The articles that met the pre-established eligibility
criteria were read independently by the researchers
(GKAL, GERM and ASSMS) and carefully analyzed to
obtain the results. Data were extracted using a spread-
sheet with predefined categories, which consisted of
general and individual information about each selected
study, such as author, year of publication, demographic
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Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-
Analyses (PRISMA) flowchart summarizing the study’s selection process.

data of participants (sample size, age, gender, educa-
tion), mean Mini-Mental State Examination (MMSE)
score, values for the diagnostic tests of interest, and
whether the sample was collected from serum or plas-
ma. This instrument allowed each reviewer to extract
data from the sample individually and facilitated the
subsequent analysis of the data obtained. When there
was no data or clarity of details, the authors of the
studies were contacted for possible clarifications,
but only one responded to the researchers’ request
for data.

Data from the selected studies were concatenated
and examined. The analysis was carried out using the
R version 4.2.1 software, freely available at https://
www.r-project.org/. The significance level adopted
throughout the analysis was 5%.

Quality assessment and risk of bias
Study quality was assessed using the Revised Tool
for the Quality Assessment of Diagnostic Accuracy
Studies developed by the University of Bristol, known
as QUADAS-2 (https://www.bristol.ac.uk/popula-
tion-health-sciences/projects/quadas/quadas-2/) and
recommended by the Cochrane Collaboration. The risk
of bias in individual studies included four domains:

+ patient selection;

« index test;

« reference standard; and

- flow and time, analyzing the risk of bias and

applicability in each category.
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The results were incorporated into our sensitivity
analysis, where only studies with low to moderate risk
of bias were included. Evaluation was carried out using
the Review Manager software version 5.3, and the result
of the evaluation of each of the articles is presented in
the form of a table.

Data analysis

At the end of the survey and data organization, a
descriptive analysis of the study variables per group
(MCI or control) was performed using the mean and
standard deviation as summary measures. After the
descriptive analysis, in order to choose the appropriate
analysis methodology, the Shapiro-Wilk normality test
was initially applied to test the null hypothesis that the
data follow a normal distribution versus the alternative
hypothesis that the data do not follow a normal distri-
bution normal. Additionally, to test the hypothesis that
there was no difference between the case and control
groups for the study variables versus the alternative
hypothesis that there was a difference between the case
and control groups for the study variables, Student’s t
test for samples was used independently for variables
with approximately normal distribution. For variables
that did not follow an approximately normal distribu-
tion, the Wilcoxon-Mann-Whitney test was used.

The meta-analysis was performed according to the
technique and sample type of each study (that is, by
subgroups). Sensitivity, specificity, positive likelihood
ratio (PLR) and negative likelihood ratio (NLR) were
measured with a 95% confidence interval based on the
TP, TN, FP and FN rates that were extracted from the
included studies.

Sensitivity, defined as the probability of a test
result being positive when the disease exists (true
positive rate) was calculated as = TP /(TP + FN). Spec-
ificity, defined as the probability of a test result being
negative when the disease is not present (true nega-
tive rate) was calculated as = TN/(TN + TP). The PLR
is the ratio of the probability of a positive test result
given the presence of the disease to the probability of
a positive test result given the absence of the disease,
that is = true positive rate/false positive rate, or ex-
pressed as sensitivity/(1-specificity). The NLR is the
ratio between the probability of a negative test result
given the presence of the disease and the probability of
anegative test result given the absence of the disease,
that is = false negative rate/true negative rate. Sum-
mary receiver operating characteristics (SROC) curves
based on TP and FP rates were also constructed when-
ever possible to describe the relationship between test
sensitivity and specificity.
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The heterogeneity of the studies was established us-
ing the x*test, with inconsistency values (I?) greater than
50% considered moderate heterogeneity, and I’ greater
than 75% defined as high heterogeneity. Results with
?values greater than 50% were subjected to sensitivity
analysis (that is, hypothetical removal of studies).

RESULTS

Identification of studies

The search in the informed databases found a total of
11,392 articles, of which 11,172 were identified after
removing duplicates. Of these, 11,116 were excluded
during the screening phase (reading the title and ab-
stract) as they did not fit the research profile, with 56
records being fully evaluated. Finally, nine studies that
met the eligibility criteria established by the researchers
were included in the systematic review, and of these,
only two could be included in the meta-analysis. The re-
port items involved in the process of identification and
selection of studies are detailed in Figure 1.

The included articles comprised a total of 2,436 par-
ticipants, of which 653 were allocated to the MCI group,
while 1,783 were allocated to the control group. The com-
mon information of most studies concerns the size and
type of sample, age, sex, MMSE scores, serum IL-6, IL-10
and TNF-o values, and is shown in Table 1228,

Additionally, we note that the included studies were
published between 2012 and 2019, and that four of
them used plasma samples, four used serum samples,
and one did not specify the type of sample. Seven of
the nine studies included participants aged 60 years or
older, and two had participants aged 50 years or old-
er?®?!, Only one study did not specify the male/female
ratio, but considering the others, a total of 1,279 men
(339 cases and 940 controls) and 1,095 women (284
cases and 811 controls) were included. The study by
Wennberg et al.”! was the only one that did not use the
MMSE as part of the neuropsychological assessment.
Eight of the nine studies evaluated serum levels of IL-
6, four of IL-10 and six of TNF-o.. As a method used
to evaluate cytokine levels, six studies used immuno-
assays?0?1?42628 two used luminex assays®** and one
used flow cytometry®.

Comparison between groups

After carrying out the descriptive analyses of the study
variables that are available in Table 2, we can observe
that there was a significant difference between the
MMSE values of the MCI and control groups (p=0.0065),
so that the control group presented a higher mean value
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Table 1. Data.
% Women IL-6 IL-10

Mmcl Mmcl ctrl MclI ctrl Mmcl MCI ctrl MCI ctrl
Zhao et al.° serum 150 150 70.67 69.85 47.30 4130 2655 27.06 186 172 - - - -
Wennberg et al.?! plasma 186 1416 79.70 71.90 40.90 47.30 - - 310 250 091 080 330 430
Shen et al.2 plasma 57 57 6877 67.77 3158 3158 2582 2946 @ - - - - 1543 1429
Magalhdes etal®  serum 55 42  71.00 68.00 63.54 71.43 2851 2580 375 340 108 071 486 376
King et al.2 plasma 77 20 7613 7590 4000 2500 2647 29.10 207 170 1.03 050 1.70 4.30
Johansson et al.® serum 11 18 7200 76.00 5454 4444 2800 29.00 088 1.04 - = = -
Kim et al.2 us 29 28 7503 72.00 6150 57.10 23.62 27.41 972 460 - - 589 460
King et al.” plasma 58 20 77.05 7590 4576 2500 26.45 29.10 311 166 095 046 266 4.26
Dursun et al.® serum 30 32 7440 7210 = = 2759 2857 @ - = = = = =
Abbreviation: MCI: mild cognitive impairment; ctrl: control group.
Table 2. Comparison of study variables between groups.
Variable MCI (n=653) Control (n=1,783) p-value
Age 73.8613.51 72.15843.25 0.3020*
% Women 48.14+11.06 42.89+16.07 0.4611*
MMSE 26.63+1.51 28.19+1.29 0.0442*t
IL-6 3.50+2.91 2.3741.24 0.3735*
IL-10 0.99+0.08 0.62+0.16 0.0126*t
TNFou 5.6415.03 5.92+4.11 0.8099?

Abbreviations: MMSE, Mini-Mental State Examination; MCI, mild cognitive impairment.
Notes: *Student’s ¢ test for independent samples; *significant results; *Wilcoxon-Mann-

Whitney test.

than the MCI group. There was also a significant differ-
ence between the IL-10 values of the MCI and control
groups (p=0.0126) so that individuals in the MCI group
had a higher mean value than individuals in the control
group. We can better observe the results obtained in the
comparison between the groups of the main variables
of the study in Figure 2.

Quality assessment

Studies were classified as moderate overall method-
ological quality according to QUADAS-2. All studies
described patient selection methods and those includ-
ed corresponded to the review question. Overall, the
studies adequately reported the index and reference
standard tests and how they were conducted and in-
terpreted, but six of the nine studies did not report
blinding between those involved in clinical diagnosis
and analyses, and only five studies specified the lower

Figure 2. Boxplot of the main study variables by group.

limits of detection for the evaluated markers, which
entailed implications for the applicability domain.
Those that reported the interval between tests,
whether patients received different index or standard
trials, and full statistical analyzes performed, were thus
judged to have low risk of bias for the flow and time
domain. The remaining studies were classified as having
an uncertain risk of bias for this domain. The entire sum-
mary of the methodological quality assessment can be
seen in Supplementary Material Figure S1 (https://www.
demneuropsy.com.br/wp-content/uploads/2024/03/
ANP-2023.0027-Supplementary-Material-Figure-1.
png) and Figure S2 (https://www.demneuropsy.com.br/
wp-content/uploads/2024/03/ANP-2023.0027-Supple-
mentary-Material-Figure-2.png).

Meta-analysis

After selecting the studies, a diagnostic meta-analysis
was performed for the inflammatory marker TNF-0, as
a means of detecting MCI. The studies considered were
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Shen et al.”? and Magalh&es et al.?. Table 3 describes the
sensitivity and specificity values of each study, as well
as their respective 95% confidence intervals. We can
observe that in the study carried out by Shen et al.?,
the method had a sensitivity of 0.836 and a specific-
ity of 0.181, that is, we concluded that the method is
more likely to be correct in detecting the disease in sick
patients than detecting its absence in non-ill patients.
In the study carried out by Magalh3es et al.?, the finding
was in the opposite direction, with a sensitivity of 0.321
and specificity of 0.988, which indicates that the method
is more effective in detecting the absence of the disease
in non-ill patients than the presence of the disease in
patients. The results in Table 3 can be seen graphically
in Supplementary Material Figure S3 (https://www.
demneuropsy.com.br/wp-content/uploads/2024/03/
ANP-2023.0027-Supplementary-Material-Figure-3.
png) and Figure S4 (https://www.demneuropsy.com.br/
wp-content/uploads/2024/03/ANP-2023.0027-Supple-
mentary-Material-Figure-4.png), respectively.

Investigation of heterogeneity and publication bias
To check for heterogeneity between the sensitivity and
specificity of the studies, the % test was used to test the
null hypothesis that the studies have the same sensitiv-
ity or specificity versus the alternative hypothesis that
the studies do not have the same sensitivity or specific-
ity. In both cases, we obtained a p<0.0001, that is, we
rejected the null hypotheses that the sensitivity and
specificity of the studies are equal. Therefore, based on
the sample and with 95% confidence, we conclude that
the studies are heterogeneous in terms of sensitivity
and specificity. It is important to determine the reason
for the variation and understand whether it occurred
by chance.

Table 4?22 describes the values of the odds ratio of
diagnosis or diagnosis odds ratio (DOR), the PLR and

Table 3. Sensitivity and specificity of the studies in the meta-analysis.

Study Sensitivity Specificity

Shen et al.? 0.836 [0.721;0.910]  0.181 [0.103; 0.299]

Magalhdes etal.?  0.312[0.206; 0.443]  0.988 [0.898; 0.999]

the NRL from each study, as well as their respective
95% confidence intervals. The PLR ranges from 1 to
infinity, and a PLR of 1 indicates that the probability of
a positive test result is the same for patients with and
without the disease. The NRL ranges from 1 to 0, and
the closer the NRL is to O, the lower the probability of
disease in the presence of a negative test result. We can
observe that in the study developed by Shen et al.??, a
PLR=1.021 was obtained, indicating that the test was
not very useful due to the fact that 1 belongs to the 95%
confidence interval. In that same study, the NRL value
was 0.905 and we also observed that 1 belongs to the
confidence interval, indicating that the probability of
the disease in the negative presence of the test is not
small. In the study developed by Magalhies et al., we
observed a PLR value=38.636, indicating that the test
has a high probability of being positive in patients.
We also have for this study the value of NRL=0.696,
indicating a low probability of detecting the disease in
non-ill patients.

To verify whether the heterogeneity of the studies
is due to random effects, the Cochran’s Q test was used.
The p-value found was 0.317, that is, we do not reject
the hypothesis that the heterogeneity is in fact due to
random factors, which is corroborated by the inconsis-
tency measure (I?), which was approximately 0%. We can
also propose a ROC “curve”, keeping in mind that, in
its classic use, the values are continuous, while in the
diagnostic meta-analysis, each study corresponds to a
point on the graph, thus not forming a proper curve.
The elliptical ROC curve can be seen in Figure 3, in which
the points indicate the sensitivity values and the false
positive rate of each study, while the ellipse indicates

Figure 3. Elliptical roc curve for sensitivity and false positives.

Table 4. Diagnosis odds ratio, positive likelihood ratio and negative likelihood ratio in the meta-analysis.

Study DOR

Shen et al.? 1.129 [0.430; 2.961]

PLR NRL

1.021 [0.865; 1.206] 0.905 [0.407; 2.011]

Magalhas et al.? 38.636 [2.247; 664.439]

26.875 [1.662; 434.454] 0.696 [0.581; 0.832]

Abbreviations: DOR, diagnosis odds ratio; PLR, positive likelihood ratio; NRL, negative likelihood ratio.
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the region of confidence for these values. The optimum
point on the graph is the upper left corner, where the
sensitivity value is close to 1 and the false positive rate
is close to 0. Note that the study by Magalhies et al.*
obtained a false positive value close to 0, while the study
by Shen et al.?? presented a false positive rate greater
than 0.8.

DISCUSSION

In this study, we sought to provide evidence linking
inflammation to MCI by investigating the diagnostic
accuracy of three particular inflammatory markers,
including pro-inflammatory IL-6, TNF-o and anti-in-
flammatory IL-10. However, it was not possible to verify
the diagnostic accuracy due to discrepancies between
the studies, in addition to the lack of essential data such
as information on the rates of PT, TN, FP and NF, which
were only reported by two authors.

Thus, the studies that were included in the me-
ta-analysis for the inflammatory marker TNF-o as a
way of detecting MCI pointed to the conclusion, based
on the sample and with 95% confidence, that they are
heterogeneous in terms of sensitivity and specificity of
the tests performed. It must be taken into account that
this high heterogeneity may have occurred due to the
different methodologies chosen by the studies. One of
them used the luminex assay, while the other assessed
cytokine levels using flow cytometry. There was also
no significant difference after descriptive analysis
between the MCI and control groups for the TNF-o
marker. This result is in line with that presented by
Gezen-Ak et al.?®, where serum TNF-ot levels increased
significantly only in the early-onset and late-onset AD
groups, and, although these levels were higher in the
MCI group than in the age-matched control group, they
were not statistically significant. On the other hand,
previous research observed a significant increase in
serum TNF-a levels in patients with AD and also in
the MCI group compared to HC***2, which raises cau-
tion, as this is one of the main inflammatory cytokines
produced by activated astrocytes and microglia and
is increased in the affected brain regions of patients
with AD.

Regarding IL-10, the study by Rosenberg et al.>* re-
ported that the increase in TNF-at levels stimulates the
expression of IL-10, which is an anti-inflammatory cyto-
kine capable of inhibiting its synthesis. In this research,
IL-101levels showed a significant difference between the
values of the MCI and control groups (p=0.0126) so that
individuals in the MCI group had a mean value higher
than those in the control group.
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A meta-analysis evaluating the association between
peripheral IL-6 levels in all-cause dementia found that
higher concentrations of this inflammatory marker
conferred an increased risk of developing AD. The au-
thors highlight that peripheral inflammation can occur
before clinical symptoms are present®. In the study in
question, no significant differences were observed in
IL-6 levels between the MCI and control groups, which
also corroborates the data by Bermejo et al.*, where
significantly elevated levels of IL-6 were found only in
the plasma of patients with AD, while similar values
were observed for the MCI group and healthy controls.
One of the factors that can explain these results is that,
in general, increased levels of IL-6 can be associated with
several conditions, including aging itself*’.

To complement what has already been discussed,
another important relationship to be observed is the
association of the aforementioned biomarkers with
the MMSE scores in these patients. Sharma et al.?®
did not find strong evidence of associations between
inflammatory biomarkers and modified MMSE scores.
Gezen-Ak et al.?® showed that patients with early-onset
AD with low MMSE scores have high serum levels of
the TNF-o marker. A significant difference between
the MMSE values of the MCI and control groups
(p=0.0065) was found in this study, so that the control
group had a higher mean value than the MCI group.
However, further studies need to elucidate which
inflammatory mechanisms directly influence the cog-
nition of these individuals.

Limitations

This meta-analysis has strengths and limitations.
Its strengths include a comprehensive research meth-
odology, as well as being the first study to assess the
diagnostic accuracy of cytokines IL-6, IL-10, TNF-. as
possible early markers of MCI. Furthermore, few studies
presented robust analyses in an attempt to detect pos-
sible inconsistencies in the evaluated tests and identify
the reason for the high variation reported between
them. Our study’s limitations are inherent to observa-
tional studies that may affect the researchers’ ability
to infer any causal relationship between inflammatory
markers and MCI, as increased inflammatory levels can
be both a cause and a consequence. Another limitation
is the small number of studies included, providing little
important data available, which made some compari-
sons unfeasible, restricting the exploration of potential
sources of heterogeneity, such as comorbidities, level
of physical activity, genetic factors, depression, among
others that could elucidate the controversial results and
better guide clinical practice.
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In conclusion, this review found no evidence sug-
gestive of increased peripheral levels of inflammatory
markers in MCI patients. To confirm the findings of this
meta-analysis, future observational studies including
additional information from the participants are need-
ed to provide a more adequate context, in addition to
better assessing the differences in cutoff points between
the developed analyses, which may have led to the high
degree of heterogeneity presented.
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