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Abstract

Objective: To evaluate the effect of overall peripheral inflammatory levels on

cognitive function, we explored the relationship between established biomarkers

of peripheral inflammation (circulating C-reactive protein [CRP], interleukin-6

[IL-6], and tumor necrosis factor-a [TNF-a]) and cognitive decline by per-

forming a review of observational studies and creating an updated summary.

Methods: We included literatures exploring the relationship between peripheral

levels of CRP, IL-6, and TNF-a and subsequent cognitive decline, published

until July 2022, by searching the following databases: PubMed, Embase, Web of

Science, the Cochrane Library, ClinicalTrials, CNKI, and VIP databases. We

used random-effects models to pool the odds ratios (ORs) for the risks of sub-

sequent cognitive decline in older adults with high levels of peripheral inflam-

mation. We initially screened out 501 literatures, of which only 17 were

ultimately eligible. Overall, there were 19,516 older individuals included in our

meta-analysis, and 2134 of them experienced subsequent cognitive change.

Results: Individuals with high levels of peripheral inflammation may have 14%

more chance to develop subsequent cognitive decline than those with low levels

(OR = 1.14, 95% CI: 1.03–1.27; p < 0.00001). In the subgroup analysis, the

incidence of cognitive decline was higher in individuals with high levels of IL-6.

This study further demonstrates the link between systemic inflammation and

cognitive status. Interpretation: Detecting CRP, IL-6, and TNF-a in peripheral

blood is necessary, as they may become effective indicators for forthcoming

cognitive performance.

Introduction

Cognitive functions decline inevitably.1 Age-related cogni-

tive decline manifests as the deterioration of memory and

response sensitivity.2 Previous studies on older adults

reported that the proportion of cognitive decline can

reach 28%3; it not only affects the quality of life but also

places heavy economic and social burdens on the family

and society.4 Currently, cognitive decline is generally

diagnosed using neuropsychological assessment scales;

however, it is time-consuming, limited by poor patient

compliance, and susceptible to the influence of educa-

tional levels.5 Increasing evidence indicates that chronic

low-grade peripheral inflammation can significantly accel-

erate the development of cognitive deterioration6 and can

modulate neuroinflammation and the progression of neu-

rodegeneration.7

Peripheral inflammation increases with age and is known

as “inflammatory aging”.8 Elevated C-reactive protein

(CRP), interleukin-6 (IL-6), and tumor necrosis factor-a
(TNF-a) levels were strongly correlated with cognitive dis-

orders.9–11 CRP is an acute-phase reactive protein12 and a

peripheral inflammatory biomarker.13,14 Increased CRP

levels are related to a higher incidence of subsequent cogni-

tive deterioration.11 Among the inflammatory cytokines

involved in inflammatory aging, IL-6 plays an essential role.

It can disrupt the integrity and function of the blood–brain
barrier and result in age-related neurodegeneration.15 Ele-

vated IL-6 levels are also connected with cognitive degener-

ation and can promote the conversion from normal
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cognition to mild cognitive impairment or Alzheimer’s dis-

ease.16,17 TNF-a is abundantly expressed around b-amyloid

(Ab) plaques in the brain tissues of patients with Alzhei-

mer’s disease,18 initiating the subsequent inflammatory cas-

cade amplification reaction.19 Increasing studies indicate

that cognitive decline is connected with overactivation of

the immune system.20 Elevated peripheral inflammatory

biomarkers can lead to the decline of global cognitive21 and

specific domain functions.22–24 Although many studies

have explored the connection between peripheral inflam-

mation and cognitive decline, the conclusions are contro-

versial owing to different backgrounds, methods, and

eligibility criteria. Some studies reveal a close connec-

tion,25,26 while others show no associations.27,28 Therefore,

further analysis is necessary.

We carried out this meta-analysis of observational

studies on the relevance of peripheral inflammatory

cytokines for future cognitive decline in older individuals

without dementia by expanding the sample size and

enhancing the efficiency of statistical tests. Therefore, we

could determine whether elevated peripheral inflamma-

tory biomarkers indicate a higher incidence of cognitive

decline, providing an evidence-based medicine basis for

diagnosis and prevention of cognitive decline.

Materials and Methods

Protocol and guidance

This study was conducted according to the Preferred

Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA). The protocol of our meta-analysis

was registered with PROSPERO (CRD4202230429).

Search strategy

One team member (YHW) conducted the literature

retrieval from databases: PubMed, Embase, Web of

Science, Cochrane Library, ClinicalTrials, CNKI, and VIP,

from inception to July 2022. The search strategy was as

follows: (“Interleukin-6” OR “IL-6” OR “C-reactive pro-

tein” OR “CRP” OR “Tumor necrosis factor-a” OR

“TNF-a”) AND (“cognitive decline” OR “cognition” OR

“cognitive function” OR “cognitive impairment” OR

“cognitive loss” OR “memory”) AND (“aging” OR “ag-

ing”) AND (“prospective” OR “longitudinal” OR “cross-

sectional”). We also manually retrieved related literatures.

Eligibility criteria

The literature eligibility criteria were as follows: (1) Partici-

pants were nondemented older people at baseline

(≥60 years); (2) had a cross-sectional or longitudinal cohort

design; (3) the literature reporting CRP, IL-6, and TNF-a
levels was in English; (4) cognitive performance was evalu-

ated at baseline and follow-up; and (5) odds ratios (ORs) or

hazard ratios (HRs) were provided for the association

between inflammatory cytokines and future cognitive decline.

The exclusion criteria were as follows: (1) participants with

cognitive impairment or dementia previously; (2) the con-

nection between peripheral inflammatory cytokines and cog-

nitive decline was not reported by ORs or HRs; (3) generally

accepted cognitive scales or methods were not used to assess

overall cognition; (4) published repeatedly; and (5) a review

or meta-analysis.

Literature screening, data extraction, and
quality assessment

We searched the databases for both published and unpub-

lished data. Titles and abstracts were reviewed to exclude

irrelevant literature, eliminate repetitive ones, and screen out

qualified literature. Studies deemed potentially relevant were

retrieved in full-text form and reviewed by at least two co-

authors. Any discrepancy concerning inclusion was resolved

by a senior author. The data were extracted and recorded

using Microsoft Excel. In some cases, the corresponding

author was contacted for supplementary data. Two research-

ers independently evaluated the studies included using the

Newcastle-Ottawa Scale (NOS). The risk of bias in individual

studies was assessed by two reviewers using the Quality in

Prognosis Studies tool (QUIPS).29 This tool assesses six

domains: study participation, study attrition, prognostic fac-

tor measurement, outcome measurement, study confound-

ing, and statistical analysis and reporting.

Outcomes

The primary outcome was the incidence of cognitive

decline. The secondary outcome was changes in global or

specific cognitive domain functions. This study evaluated

cognitive performance using the Mini-Mental State Exam-

ination (MMSE), Modified Mini-Mental State Examina-

tion (3MS), and a battery of cognitive tests that are

commonly used for cognitive function.28

Statistical analysis

We considered low levels of CRP/IL-6/TNF-a as reference

values to evaluate the risk of cognitive decline with high

peripheral inflammatory cytokine levels. We used random-

effect models and presented the pooled results as ORs, 95%

confidence intervals (CIs), and p values30; p < 0.05 indi-

cated a significant difference. We performed the I2 statistic

and the Cochrane Q test to evaluate the statistical hetero-

geneity.31 The subgroup analysis was performed according
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to the length of follow-up (<3 or ≥3 years), year of publica-

tion (<2014 or ≥2014), age (<75 or ≥75 years), number of

participants (<1500 or ≥1500), study design (cross-

sectional or longitudinal), and NOS score (<7 or ≥7). In
addition, we also performed a sensitivity analysis, eliminat-

ing each study at a time to assess which study would make

a significant impact on the combined results. Two statisti-

cal analysis models were transformed to evaluate the

robustness of the combined results. Publication bias was

intuitively determined by drawing funnel plots. All the sta-

tistical analyses were performed using the RevMan (version

5.4.1; The Cochrane Collaboration) software.

Results

Search results

Figure 1 shows the flow chart of the literature screening

process, including the reasons for exclusion. The search

strategy returned 492 studies. A reference search of rele-

vant reviews and meta-analyses revealed nine additional

studies. After removing duplicates and irrelevant articles

based on titles and abstracts, 60 articles were assessed for

eligibility. Among them, 43 studies that were not in

accord with the eligibility criteria were eliminated, leaving

17 literatures for our meta-analysis.

Characteristics of included studies

The basic characteristics of the 17 included studies were

presented in tabular form (Table 1). Overall, our meta-

analysis comprised 19,516 participants, and 2134 of them

developed age-related cognitive decline. One study

reported the total sample size but did not mention the

number of primary outcome events.32 Each study

reported different levels of peripheral CRP, IL-6, and

TNF-a. We summarized different global cognitive tests

and definitions of cognitive decline (Table S1).

Figure 1. Flow chart summarizing the literature search for the meta-analysis.
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Risk of bias within and across included
studies

A total of seventeen articles were included in this meta-

analysis, of which 15 had NOS scores ≥7 and were high-

quality articles (Table S2). The risk of bias assessment in

individual studies is shown in Table S3. The overall risk of

bias in the studies was judged to be low and moderate for

seven16,27,33–37 and ten14,25,26,32,38–43 studies, respectively.

Study participation, prognostic factor measurement, and

statistical analysis and reporting were typically associated

with low or moderate risks of bias. The domains most com-

monly at high risk of bias were study attrition

(n = 4),32,34,38,41 outcome measurement (n = 5),14,25,26,38,42

and study confounding (n = 4).36,39,40,43 The funnel plot of

cognitive decline-related inflammatory cytokines (CRP,

IL-6, and TNF-a) was symmetrical and within 95% CI,

thus revealing an inverted funnel-shaped distribution with-

out obvious publication bias (Fig. 2).

Association of high peripheral inflammation
with future cognitive decline: meta-analysis

Individuals with high levels of baseline peripheral inflam-

mation were 1.14 times more likely to experience cogni-

tive decline at follow-up (OR = 1.14, 95% CI: 1.03–1.27,
I2 = 68%, p < 0.00001; Fig. 3), suggesting that older

adults with higher peripheral CRP, IL-6, and TNF-a levels

were at increased risk of future cognitive decline by 14%.

The funnel plot was symmetric upon visual inspection,

and therefore publication bias was not evident (Fig. 2).

We performed sensitivity analysis by excluding each study

one by one to control for confounding variables among

studies, and the combined results were robust. We

employed the fixed and random-effects models to esti-

mate the pooled ORs and 95% CIs; the pooled results

were similar. Subgroup analysis determined that the asso-

ciation was related to the publication year, and the inci-

dence of cognitive decline in articles published in or after

2014 was significantly lower than that of those published

before 2014. Further subgroup analysis of cytokine types

revealed that cognitive decline was significantly correlated

Table 1. Summary characteristics of the included studies.

Characteristics

No. of studies

(no. of participants)

Eligible studies

Total no. of trials (no. of participants) 17 (19,516)

Follow-up at least three years 11 (12,761)

Total no. of outcome events 2134

Median (IQR) % female 53 (49–59)

Median (IQR) age (years) 74 (65–80)

Country

American 12 (17,041)

European 4 (2335)

China 1 (140)

Inflammatory markers

CRP 11 (14,324)

IL-6 15 (18,710)

TNF-a 5 (7183)

IQR, interquartile range.

Figure 2. Funnel plot for the association between high peripheral levels of inflammatory biomarkers and future cognitive decline analysis. OR,

odds ratio; SE, standard error.
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with an increase in IL-6 level but not with CRP and

TNF-a. Details of the subgroup analysis are shown in

Table S4 and Fig. 1.

Peripheral CRP level and future cognitive
decline

All 11 studies classified peripheral CRP levels into differ-

ent categories. Only two of them revealed a higher risk of

future cognitive decline for higher levels of peripheral

CRP after adjusting confounding factors38,41; the remain-

ing nine reported no associations.14,25,26,35–37,40,42,43 Ele-

vated peripheral CRP levels did not increase the risk of

cognitive decline compared to lower peripheral CRP levels

(OR = 1.05, 95% CI: 0.86–1.29; Fig. 4). Study heterogene-

ity (I2 = 68%, p = 0.0006) was evident. Sensitivity analy-

ses were performed by eliminating each study at a time to

detect the potential sources of interstudy heterogeneity.

The overall pooled OR estimate became statistically signif-

icant after Rongrong Cai’s42 (pooled OR = 1.15, 95% CI:

1.00–1.32) study was excluded and heterogeneity was sig-

nificantly reduced from 68% to 18%.

Peripheral IL-6 level and future cognitive
decline

Among the 15 studies reporting peripheral IL-6 levels,

seven reported a higher risk of future cognitive decline

for elevated IL-6,14,16,27,36,37,39,41 and eight revealed no

correlation.25,26,32–35,40,42 Compared to those with lower

peripheral IL-6, older adults with higher peripheral IL-6

had a 23% enhanced risk of future cognitive decline

(OR = 1.23, 95% CI: 1.05–1.44, Fig. 4); study heterogene-

ity (I2 = 73%, p = 0.00001) was still statistically signifi-

cant. We performed a sensitivity analysis, and the pooled

results were robust.

Figure 3. Forest plot for the association between high peripheral levels of inflammatory biomarkers and future cognitive decline analysis. CI,

confidence interval.
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Peripheral TNF-a level and future cognitive
decline

A total of five studies examined the relevance of periph-

eral TNF-a levels to future cognitive performance. Only

one reported an enhanced risk of future cognitive decline

with higher levels of peripheral TNF-a33; four reported

no association.25,27,34,35 Likewise, an increase in peripheral

TNF-a levels was not statistically significantly correlated

with future cognitive decline (OR = 1.12, 95% CI: 0.88–
1.42, Fig. 4). Study heterogeneity (I2 = 68%, p = 0.03)

remained evident.

Discussion

This collective analysis found that high levels of estab-

lished peripheral inflammatory biomarkers such as CRP,

IL-6, and TNF-a increased the likelihood of future

Figure 4. Subgroup analyses for the association between high peripheral inflammatory biomarkers and future cognitive decline analysis.
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cognitive decline by 1.14 times compared to their low

levels. Further subgroup analysis revealed that cognitive

decline was significantly correlated with an increase in

peripheral IL-6 but not with CRP or TNF-a levels. In

addition, the incidence of cognitive decline in articles

published before 2014 was significantly higher, which may

be related to fewer social activities,44 a low level of educa-

tion,45 and a disadvantaged neighborhood environment.46

The effect of CRP on cognitive function has been con-

troversial. It has been known to directly damage cerebral

brain microvascular endothelial cells (ECs)47 and further

increase the permeability of the blood–brain barrier

(BBB), thus activating neuroinflammation and resulting

in cognitive impairment.48 A previous meta-analysis

revealed a weak but significant relevance of elevated

peripheral CRP levels to subsequent cognitive decline.49

However, our subgroup analysis demonstrated no signifi-

cant association between elevated CRP levels and cogni-

tive decline. Notably, there was significant heterogeneity

across studies in our results (I2 = 68%). A CRP study was

the main source of this significant heterogeneity,42 report-

ing that elevated CRP levels were not related to mild cog-

nitive impairment (MCI) (OR = 0.674, 95% CI: 0.543–
0.838). An explanation could be that this study explored

the correlation between higher peripheral CRP levels and

MCI rather than subsequent cognitive performance. The

participants’ cognitive statuses (normal cognition or

MCI) were evaluated using the 2006 European Alzhei-

mer’s Disease Consortium criteria,50 which led to fewer

evaluations of cognitive decline. Coincidentally, the asso-

ciation was significant once Rongrong Cai’s42 study was

excluded, and the interstudy heterogeneity was signifi-

cantly reduced (I2 = 18%). Therefore, we suggest that

peripheral CRP levels may be considered an early warning

biomarker of future cognitive decline in nondemented

individuals.

In addition, we assessed the relevance of peripheral IL-6

levels to cognitive decline. Elevated peripheral IL-6 levels

are significantly related to a higher incidence of future cog-

nitive decline. A previous meta-analysis demonstrated a

significant association between higher IL-6 and future cog-

nitive decline,8 and we reached a consensus. Peripheral IL-6

has been demonstrated to directly enter the central nervous

system through the BBB, even at very low levels in a mouse

model.51 Additionally, elevated peripheral IL-6 levels, due

to repeated infections or increased exogenous IL-6, increase

BBB permeability.52 IL-6 levels in the peripheral blood and

cerebrospinal fluid were simultaneously elevated in patients

with dementia53 and in cognitively normal individuals.54

Therefore, BBB dysfunction due to age-related or underly-

ing infections might have occurred in these individuals.

Peripheral IL-6 may enter the CNS and be further elevated

during cognitive aging.

TNF-a plays an essential role in AD pathogenesis and

is abundantly expressed around amyloid plaques.55 TNF-

a can significantly upregulate the expression of intercellu-

lar cell adhesion molecule-1 (ICAM-1) and vascular cell

adhesion molecule (VCAM) in brain microvascular

endothelial cells (BMECs), as well as increase BBB perme-

ability.56 Excessively expressed TNF-a in the brain affects

the clearance of Ab by microglia,57 causes synaptic dys-

function,58 and aggravate AD and cognitive decline. How-

ever, some observational studies25,27,34,35 did not report

significant associations between peripheral TNF-a and

cognitive decline in nondemented individuals. To explore

the underlying association between peripheral TNF-a and

cognitive decline, we first performed this meta-analysis to

reveal the relationship between these factors. In our sub-

group analysis, there was no significant correlation

between higher peripheral TNF-a and future cognitive

decline. Considering the limited studies included in our

analysis, caution should be exercised while generalizing

our findings on future cognitive decline in all nonde-

mented older adults.

The limitations of this meta-analysis should also be

considered when interpreting the results. First, the

included studies were all observational studies, which

contributed to interstudy heterogeneity. Second, the

impacts of other peripheral inflammatory biomarkers, for

example interleukin 1-b (IL-1b),59 interleukin-10 (IL-

10),60 S100b,61 and prostaglandin-endoperoxide synthase

2 (ptgs2)62 on cognitive performance have been reported

recently. Owing to the lack of data, these studies were not

included in our meta-analysis; this fact has an impact on

the combined results. Moreover, general cognition was

evaluated using different cognitive tests including MMSE,

3MS, and other cognitive test batteries. The MMSE has

been recommended by guidelines to determine MCI.

However, in clinical practice, some individuals with MCI

have normal MMSE scores. Therefore, cognitive decline

must be defined using standardized cognitive assessments.

In conclusion, this study revealed a weak but significant

association between older individuals with higher periph-

eral inflammatory biomarkers and future cognitive

decline. It may become reliable to identify high-risk older

adults by measuring levels of peripheral inflammatory

biomarkers. Further exploration should put emphasis on

the clinical application of peripheral inflammatory cytoki-

nes (CRP, IL-6, and TNF-a) as biomarkers for future

cognitive health.
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