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Background.  Studies that have investigated the association between markers of inflammation and risk of dementia 
are conflicting. Therefore, the researchers conducted a systematic review and meta-analysis of observational studies with 
the hypothesis that an increased level of peripheral proinflammatory markers would be associated with risk of all-cause 
dementia or Alzheimer’s disease (AD).

Methods.  The researchers conducted a literature search of observational studies indexed in the PubMed and PsycInfo 
databases. Selected studies included those with at least one peripheral inflammatory biomarker and its association with 
risk of all-cause dementia or AD. Random effects models were used to generate pooled hazard ratios (HRs) comparing 
the top versus bottom quantile of inflammatory marker level. Heterogeneity was assessed using the I2 statistic.

Results.  Seven studies were identified, combining for a total 5,717 participants, 746 cases of all-cause dementia and 
565 cases of AD. An increased level of C-reactive protein was associated with a 45% increased risk of all-cause dementia 
(HR: 1.45; 95% CI: 1.10, 1.91). Similarly, a higher level of interleukin-6 was associated with a 32% increased risk (HR: 
1.32; 95% CI: 1.06, 1.64) of all-cause dementia. For AD alone, the association with C-reactive protein was less pro-
nounced (HR: 1.21; 95% CI: 1.03, 1.42) and interleukin-6 was not associated with risk of AD (HR: 1.06; 95% CI: 0.83, 
1.35). No significant heterogeneity was found in any of the meta-analyses (I2 = 0%–40%, p ≥ .16).

Conclusions.  An increased peripheral level of inflammatory markers is associated with a modest increase in risk of 
all-cause dementia. Evidence for an association with risk of AD alone is limited.
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Dementia affects at least one in eight individuals 
aged 65 and older in the United States alone (1). 

Several forms of dementia exist, with Alzheimer’s disease 
(AD) being the most prevalent, representing up to 70% of 
cases of dementia, alone or in combination with vascular 
disease. Inflammation has been linked to the etiology 
of dementia, either as a primary or secondary process. 
Supporting this theory, several lines of evidence suggest a 
role of inflammation in the pathogenesis of dementia. First, 
some observational studies suggest a neuroprotective effect 
of nonsteroidal anti-inflammatory drugs (NSAID), although 
this may be limited to NSAID use in midlife or early in 
the disease process, and among those with one or more 
apolipoprotein ε4 alleles (2,3). Second, neuropathological 
and neuroimaging studies have shown that even in the early 

stages of AD, one can observe amyloid-beta deposition, 
microglial activation, and upregulation of genes encoding for 
inflammatory proteins (4). Lastly, peripheral inflammatory 
markers may be indicative of more global inflammatory 
processes that relate directly or indirectly to dementia risk 
via their role in the development and progression of other 
conditions such as cardiovascular disease (CVD) (5) and 
type 2 diabetes (6).

Several observational studies show no association 
between peripheral inflammatory markers and risk of 
dementia whereas others report a positive association. 
This inconsistency may be attributed to differences in 
study design, participant-level characteristics, or lack of 
power. Therefore, the researchers conducted a systematic 
review and meta-analysis of observational studies with 
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the hypothesis that increased levels of peripheral proin-
flammatory markers would be associated with greater risk 
of all-cause dementia or AD among nondemented adult 
populations.

Methods

Search Strategy
This systematic review and meta-analysis is described 

in accordance with the guidelines specified by the 
Meta-analysis of Observational Studies in Epidemiology 
(7). Two investigators (A.K. and J.O.) independently per-
formed the literature search. Using the MEDLINE and 
PsycInfo databases, Boolean searches were conducted using 
keywords for the exposure (“inflammation” or “inflamma-
tory”) and the outcome (“dementia,” “Alzheimer,” “cog-
nition,” or “cognitive”). There were no restrictions on 
language or date of publication. Reference lists of relevant 
review articles and all articles included in the meta-analysis 
were hand searched. The AlzRisk epidemiology database 
was also consulted for additional sources (8).

Selection Criteria
The researchers selected studies included in the meta- 

analysis after two stages. First, the researchers reviewed the 
title and abstract, followed by the full text. Studies were 
required to report a measure of association (hazard ratio 
[HR], odds ratio [OR], and risk ratio) and 95% CIs or stand-
ard error for the association between a peripheral (serum 
and plasma) inflammatory marker and incident all-cause 
dementia or AD. A study was also required to have a pro-
spective cohort, case cohort, or nested case–control design, 
at a minimum, adjust for age as a potential confounder, and 
be published in a peer-reviewed journal (abstracts or con-
ference proceedings were excluded).

Data Extraction
Two investigators (A.K. and J.O.) performed data extr

action using a standardized extraction form. Variables 
included those necessary for meta-analysis and sensitivity 
analysis of pooled results, participant-level characteristics, 
and study-level characteristics. This included the following 
variables from each study: manuscript title, authors, year 
of publication, study design, country of cohort, length of 
follow-up, screening method at baseline, cognitive out-
comes and the diagnostic criteria used, sample size, mean 
or median baseline age, percentage of female participants, 
ethnicity, inflammatory markers measured, measure of 
association and 95% CIs or standard error, p value, number 
of cases of all-cause dementia and AD, and covariates used 
in published regression models. The researchers performed 
quality assessment for each study using a 9-point modified 
Newcastle–Ottawa scale for cohort studies (9).

Data Synthesis
The majority of studies reported HRs as the measure of 

association. Two studies reported ORs, which were con-
sidered as equivalent (10). C-reactive protein (CRP) and 
interleukin-6 (IL-6) were considered for meta-analysis 
because other markers were investigated in two or less 
studies. Although studies reported both categorical and 
continuous measures of association, categorical measures 
were chosen, using the lowest quantile as the reference. 
This decision was made a priori because the seven studies 
measuring CRP utilized six different assays and reported 
highly varying distributions of CRP levels. Therefore, the 
researchers did not consider it valid to compute a pooled 
HR per unit increase. Although comparing the highest to 
lowest quantile may not detect a nonlinear association, 
results from these studies suggested little to no indication of 
a nonlinear association. For three studies that did not report 
a categorical HR, the researchers contacted the authors to 
obtain additional data. The authors of two studies did not 
respond to the researchers’ data request. For one of these 
studies, the researchers estimated HRs from published fig-
ures (11). The researchers excluded the other study from the 
meta-analysis but reviewed it qualitatively (12).

Both fixed effects and DerSimonian and Laird ran-
dom effects models were used (13). As results were simi-
lar for both, only random effects analyses are reported. 
Because some studies reported HRs from multiple models, 
the researchers decided a priori to first pool results from 
multivariate-adjusted models and then use additionally 
adjusted models for sensitivity analysis. Heterogeneity 
across studies was assessed using the I2 statistic. Publication 
bias was assessed using an Egger’s test and visual inspec-
tion of funnel plots. All analyses were performed using 
STATA version 10.1 (StataCorp, College Station, TX).

Results

Study Selection
The study selection process is illustrated in Figure  1. 

A  total of 2,697 studies were retrieved from Pubmed and 
PsycInfo. After reviewing the title and abstract, 2,670 
studies were not eligible for meta-analysis based on the 
researchers’ inclusion criteria. Of the remaining 27 studies 
identified for full text review, 20 were excluded because 
they were either cross-sectional studies or did not evaluate 
all-cause dementia or AD as an outcome. A hand search of 
the reference lists for these 27 studies and relevant reviews 
yielded no additional studies, resulting in seven total studies 
for the researchers’ meta-analysis.

Description of Studies
Table 1 depicts the seven studies included in the meta-

analysis, combining for a total of 5,717 participants, 746 
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cases of all-cause dementia and 565 cases of AD (11,14–
18). One publication was included as two distinct studies 
in the meta-analysis because results were reported for two 
separate subcohorts (17). The majority of studies meas-
ured inflammatory proteins in serum samples, whereas one 
study used plasma. Most studies had a majority of female 

participants, although two studies were comprised all male 
cohorts (16,17). Follow-up times ranged from 4 to 25 years. 
All studies used unique cohorts from either the United 
States or Europe. At a minimum, each study adjusted for 
age and gender, either through regression modeling or 
restriction. Although most studies utilized a prospective 

Figure 1.  Study selection.

Table 1.  Study Characteristics

Source Study Design
Baseline Age 
(mean ± SD)

Female 
Participants (%)

Years of  
Follow-up (mean)

Sample 
Size Number of Cases Covariates

Schmidt et al. (16) 
(United States)

Nested case–control 55.0 ± 4.6 0 25.3 1,050 Dem: 214; AD: 95 Age, education, smoking, 
average cholesterol, blood 
pressure, years of follow-up, 
APOE ε4, BMI

Engelhart et al. (14) 
(Netherlands)

Case cohort 71.7 ± 9.0 52.9  6.5 727 Dem: 188; AD: 140 Age, gender, education

Ravaglia et al. (11) 
(Italy)

Cohort 73.6 ± 6.3 43.1  3.7 804 Dem: 109; AD: 68 Age, gender, education, 
APOE ε4, stroke, CVD, 
physical activity, BMI, cre-
atinine homocysteine, serum 
folate, serum vitamin B12

Tan et al. (18) (United 
States)

Cohort 78.6 ± 4.6 62.2  7.0 691 Dem: —; AD: 44 Age, gender

Sundelof et al. (17) 
(Sweden)

Cohort 71.0 ± 0.7 0 10.1 1,062 Dem: 165; AD: 81 Age, APOE ε4, diabetes, 
NSAIDs, aspirin, smoking, 
BMI, hypertension, choles-
terol, stroke, education

Sundelof et al. (17) 
(Sweden)

Cohort 77.5 ± 0.8 0  4.8 749 Dem: 70; AD: 46 Age, APOE ε4, diabetes, 
NSAIDs, aspirin, smoking, 
BMI, hypertension, choles-
terol, stroke, education

Eriksson et al. (15) 
(Sweden)

Nested case–control 78.5 61.7  4.3 634 Dem: —; AD: 91 Age, gender

Notes: Sundelof et al. is included twice as results were reported for two separate subcohorts. AD = Alzheimer’s disease; APOE ε4 = apolipoprotein ε4; 
BMI = body mass index; CVD = cardiovascular disease; Dem = dementia; NSAID = nonsteroidal anti-inflammatory drug.
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cohort design, there were two nested case–control stud-
ies and one case cohort study. Study quality on the 9-point 
modified Newcastle–Ottawa scale ranged from 6 to 9. All 
studies were published in 2002 or later. No evidence of pub-
lication bias was found.

The majority of studies measured both all-cause demen-
tia and AD as cognitive outcomes. Two studies measured 
AD alone. For diagnosis of these outcomes, all studies 
used DSM-III-R (19) or DSM-IV criteria (20) for all-cause 
dementia and NINCDS-ADRDA criteria for AD (21).

CRP
Figure 2 shows the five studies that investigated the asso-

ciation between CRP and all-cause dementia (11,14,16,17). 
All studies reported HRs more than 1.0, although most were 

modest in magnitude and only one reached statistical sig-
nificance. Collectively, the studies suggested a significant 
increased risk for higher levels of CRP (HR: 1.45; 95% CI: 
1.10, 1.91). One study with a substantially longer follow-
up period and younger baseline age reported a particularly 
strong association (HR: 2.80; 95% CI: 1.57, 5.00), poten-
tially leading to heterogeneity. However, the I2 test for het-
erogeneity was not significant (I2 = 39%; p = .16).

For AD alone, seven studies reported HRs that varied 
from 0.77 to 2.20 (Figure  3). Six reported a trend for an 
increased risk (11,14–18), and one a trend for a decreased 
risk (17). The pooled results indicated a modest increased 
risk (HR: 1.21; 95% CI: 1.03, 1.42). No heterogeneity was 
found (I2 = 0%; p = .65).

The pooled HR changed from a 45% increased risk 
for all-cause dementia to 21% for AD, a difference likely 

Figure 2.  Pooled hazard ratios for C-reactive protein and incident dementia.

Figure 3.  Pooled hazard ratios for C-reactive protein and incident Alzheimer’s disease.
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attributable to the cases of vascular dementia (VaD) among 
those with all-cause dementia. Indeed, the three studies that 
published HRs for VaD showed a more robust effect than 
for either all-cause dementia or AD alone (Schmidt et al.; 
HR: 5.1; 95% CI: 1.8–14.8 and Ravaglia et al.; HR: 2.93; 
95% CI: 1.39–6.18). Engelhart and colleagues reported a 
HR per standard deviation increase of 1.31 (1.06–1.61), also 
higher than the equivalent measures for all-cause dementia 
(HR: 1.12; 95% CI: 0.99–1.25) or AD (HR: 1.10; 95% CI: 
0.96–1.26).

When repeating meta-analysis using additionally adjusted 
models, the association between CRP and AD decreased 
slightly in magnitude, and was no longer significant (HR: 
1.17; 95% CI: 0.97, 1.41). For all-cause dementia, there 
was little change in the magnitude or significance of the 
pooled result (HR: 1.38; 95% CI: 1.12, 1.71). One study 
consistently had the largest effects as well as a considerably 
longer follow-up time of 25 years (16). Although removing 
this study attenuated the pooled HR for both outcomes, it 
remained significant.

IL-6
In Figure 4, four studies report fairly consistent results 

on the association between IL-6 and all-cause dementia 
(11,14,17). Individually, each study reported a HR more 
than 1.0, although only one was statistically significant. 
Together, the results suggested a positive association 
between IL-6 level and dementia risk (HR: 1.32; 95% CI: 
1.06, 1.64), with little evidence of heterogeneity (I2 = 0%; 
p = .85).

Figure 5 depicts six studies less consistent on the associa-
tion between IL-6 and AD (11,14,15,17,18). Three studies 
show a trend towards an increased risk of AD, two a trend 
towards a decreased risk, and one study had null findings. 
Combined, the studies did not show a significant effect 

(HR: 1.06; 95% CI: 0.83, 1.35). Heterogeneity was also 
nonsignificant (I2 = 0%: p = .78).

For IL-6, only two studies reported HRs for VaD that 
could be compared with the other outcomes. Ravaglia and 
colleagues reported a HR for VaD slightly higher than for 
all-cause dementia or AD (HR: 1.40; 95% CI: 0.66, 2.90). 
Engelhart and colleagues reported a HR per standard devia-
tion increase for VaD (HR: 1.23; 95% CI; 0.97–1.65) simi-
lar to the HR for all-cause dementia of (HR: 1.28; 95% CI: 
1.06–1.55).

When conducting the meta-analysis on additionally 
adjusted models, there was little change in the associa-
tion between IL-6 and AD. Similar sensitivity analysis was 
not done for all-cause dementia as all the included studies 
reported results from only one model.

Discussion
Although many of the individual studies did not report 

significant findings, the pooled results showed a significant 
increased risk of dementia for individuals with higher level 
of CRP and IL-6. For AD alone, there was no significant 
risk associated with higher IL-6 level, and the increased 
risk for higher CRP level was not robust to fully adjusted 
models used for the researchers’ sensitivity analysis.

Although the researchers’ results suggest an association 
between peripheral inflammatory markers and dementia, 
it is possible that the findings are due to the complex and 
overlapping relationship between inflammatory markers 
and CVD. For example, consistent evidence indicates that 
peripheral CRP levels can predict CVD (22), which can in 
turn act as an intermediary and contribute to the cerebro-
vascular pathology seen in dementia (23). CVD may also 
be contributing to unmeasured or residual confounding. 
Indeed, the studies that reported multiple models typically 
excluded CVD in multivariate-adjusted models but not in 

Figure 4.  Pooled hazard ratios for interleukin-6 and incident dementia.



438	 KOYAMA ET AL.

additionally adjusted models, when the pooled effect was 
attenuated. However, it should be noted that, when taking 
the broader perspective of cerebrovascular pathology, the 
additionally adjusted models may be overadjusting for fac-
tors that lie within the causal pathway.

Although few studies investigated VaD alone, the asso-
ciation between inflammatory markers, particularly CRP, 
was generally more robust with VaD than with all-cause 
dementia or AD alone. Individuals with VaD likely had a 
high prevalence of symptomatic CVD, contributing to the 
association between inflammatory markers and incident 
VaD. However, VaD alone cannot explain the research-
ers’ findings, as AD comprises the majority of dementia 
cases. Inflammation likely contributes to cognitive impair-
ment in non-VaD dementias through similar cerebrovascu-
lar pathology. Functional imaging studies have shown that 
cerebrovascular dysfunction in individuals with mild cog-
nitive impairment can precede progression to AD (24,25), 
emphasizing the vascular role in the pathology of non-VaD 
dementias. Vascular pathology is also frequently seen in 
postmortem examination of individuals with different 
forms of dementia (26).

Randomized clinical trials (RCTs) of NSAIDs can pro-
vide additional insight into the relationship between inflam-
mation and dementia, while avoiding some of the limitations 
of observational studies. Several RCTs have tested the use of 
NSAIDs for the treatment of prevalent AD, with one early 
trial showing promising results (27), but subsequent RCTs 
unable to replicate these findings (28–32). To date, only one 
RCT has investigated NSAID use for the primary preven-
tion of AD (2). The results indicated that NSAIDs had a 
detrimental effect on participants who developed AD early 
in the trial, and a protective effect on those who developed 
AD later in the trial. Thus, the collective findings from these 
RCTs suggest that NSAIDs may provide a protective effect 
on cognitive function early in the disease process, although 

are not protective or can even be harmful in the later stages of 
incipient disease. In the researchers’ review of observational 
studies, cognitively normal individuals with increased sys-
temic inflammation, who may have been in the early stages 
of dementia, were found to have a higher risk of dementia.

This systematic review and meta-analysis have several 
strengths and limitations. Strengths include the comprehen-
sive search methodology and exclusive use of high qual-
ity studies. In addition, few studies have investigated the 
effect of inflammation on cognition in the oldest old, and 
it is possible that there is a different association between 
inflammation and dementia in the young–old and the oldest 
old. There may also be a gender effect similar to that seen 
in other diseases such as CVD, where a stronger associa-
tion with inflammatory markers is reported in women com-
pared with men (33). In the meta-analysis of CRP on risk of 
incident AD, one study had a particularly large weight (17), 
potentially affecting the generalizability of results if study 
quality was poor. However, the researchers’ search crite-
ria restricted the meta-analysis to only high quality studies 
(this particular study was rated an 8 on the 9-point modified 
Newcastle–Ottawa scale). Lastly, as the I2 statistic can be 
underpowered with a small sample, it is possible that het-
erogeneity is present but undetected (34).

Important limitations inherent in observational stud-
ies can also affect the researchers’ ability to infer any 
causal relationship between inflammatory markers and 
dementia. Unmeasured or residual confounding can 
result if the researchers do not adequately adjust for the 
many factors associated with inflammation and dementia. 
Misclassification of the exposure is also another limitation 
as inflammatory marker levels can be influenced by other 
diseases not related to dementia, an acute inflammatory 
response, or even because of the normal aging process (35). 
Additionally, the studies measured peripheral markers in the 
blood rather than within the brain. Therefore, results from 

Figure 5.  Pooled hazard ratios for interleukin-6 and incident Alzheimer’s disease.
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these studies may not reflect intracerebral inflammatory 
processes if peripheral levels of inflammatory markers do 
not correlate with levels seen in the brain. Misclassification 
of the outcome is another possibility. In each study, par-
ticipants classified as normal passed initial screening tests, 
whereas those classified as demented underwent additional 
assessment using formal diagnostic criteria. However, this 
method of classification would make it more likely to clas-
sify normal participants as demented rather than the reverse, 
biasing the results toward the null. Reverse causation is 
another potential limitation as increased inflammatory lev-
els could be both a cause and a consequence of dementia. 
The majority of studies measured the exposure later in life, 
when inflammatory marker levels could be influenced by 
preclinical or undiagnosed dementia. Only one study meas-
ured inflammatory markers at midlife and reported the most 
robust results, suggesting that midlife measurements may 
be a better indicator of future dementia risk (16).

In conclusion, this meta-analysis provides suggestive evi-
dence of an association between increased peripheral lev-
els of inflammatory markers and increased risk of incident 
dementia. To confirm the findings of this meta-analysis, 
future observational studies should emphasize earlier base-
line assessment in midlife. Similarly, additional RCTs of 
NSAIDs should focus on the prevention rather than the 
treatment of dementia.
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