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Abstract
Background and purpose—Inflammation has been linked to cognitive decline and dementia but
the mechanism is not clear and few studies have included Hispanic and black subjects that may be
at increased risk of these disorders.

Methods— We performed a cross-sectional analysis of the association between inflammatory
marker levels and cognition in the stroke-free population-based cohort of the Northern Manhattan
Study. Mini Mental State Exam (MMSE) scores were the continuous outcome and we adjusted for
sociodemographic and vascular risk factors as well as subclinical atherosclerosis.

Results—Of the inflammatory markers, only interleukin (IL)-6 levels were associated with the
MMSE. In univariate analysis age, hypertension, diabetes, smoking, moderate alcohol use, total
homocysteine, carotid intima media thickness, and body mass index were positively associated with
IL-6 levels. Hispanics compared to whites, those with less than a high school education, hypertension,
cardiac disease, and total homocysteine were associated with lower MMSE scores. In a multivariate
linear regression model, IL-6 was negatively associated with MMSE score adjusting for
sociodemographic and vascular risk factors.

Conclusions—IL-6 levels were negatively associated with performance on the MMSE in this
multiethnic cohort. Adjusting for vascular disease and subclinical atherosclerosis did not attenuate
the association, suggesting a direct effect on the brain.

Cytokine dysregulation has been associated with cognitive disorders and dementia but the
relative importance of vascular disease, neurodegeneration, aging, and genetic predisposition
require further study.1 Particular cytokines and their receptors have been linked to cognitive
decline and dementia in population-based studies. In the Established Populations for the
Epidemiologic Study of the Elderly, participants with interleukin (IL)-6 levels in the upper
tertile had higher rates of cognitive decline after 2.5 and seven years of follow up. In the
Honolulu-Asia Aging Study, high C-reactive protein (CRP) levels were predictive of dementia
after 25 years.2, 3 Other pro-inflammatory cytokines, such as tumor necrosis factor alpha
(TNF- α), IL-1 beta, and IL-2, as well as α1-antichymotrypsin have been associated with aging,
vascular disease, and Alzheimer disease but few studies have been population-based.4–7 The
Health ABC study found that the effects of inflammation on cognitive decline were modified
by vascular risk factors. Subjects with CRP and/or IL-6 levels in the upper tertile were at greater
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risk of cognitive decline compared to those in the lowest only if they also had the metabolic
syndrome.8 If inflammation causes cognitive disorders through a vascular mechanism, it
remains unclear whether large vessel atherosclerosis, small vessel disease, or both are involved.
We have previously found associations between tumor necrosis factor alpha receptor (TNFR)
levels and carotid atherosclerosis. Also, an IL-6 gene polymorphism is positively associated
with carotid intima media thickness (IMT) in our cohort.9 To our knowledge, no studies of
inflammation and cognition have examined subclinical measures of atherosclerosis as a
potential modifier. However, such surrogate measures are useful to help avoid residual
confounding when considering vascular risk factors.

Most studies of the effects of inflammation on cognition have been limited to older cohorts
made up of groups from different geographic locations and none have included Hispanics.
Hispanics are the fastest growing segment of the US population, having increased by 58% in
the 1990s and they may be at greater risk of dementia than whites as well as having a higher
prevalence of vascular risk factors and stroke, with important public health implications.10,
11 A follow-up by the Health ABC study found that black as well as white subjects with the
metabolic syndrome and higher IL-6 and CRP levels developed cognitive impairment and
decline more readily than those with the metabolic syndrome and low markers of inflammation.
8 We have previously found an independent association between elevated total homocysteine
(tHcy) and lower cognitive performance as well as incident stroke in our cohort of Hispanic,
black, and white subjects living in the same community.12 We performed a cross-sectional
study to investigate the relationship between inflammatory marker levels (including IL-1, IL-2,
IL-2R, IL-6, TNF-α, TNFR-1, and TNFR-2) and cognition in a multi-ethnic sample from our
cohort adjusting for carotid intima media thickness as well as important sociodemographic and
vascular factors.

METHODS
Subjects

The Northern Manhattan Study (NOMAS) includes a community-based prospective cohort of
3,298 stroke-free Hispanic, black, and white subjects enrolled between 1993 and 2001 using
random digit dialing. Data were collected using standardized instruments and review of
medical records. Race-ethnicity, hypertension, diabetes, and cardiac disease were defined as
described previously.12 Bilingual trained research assistants assessed cognition using the 30-
item mini-mental state exam (MMSE) in English or Spanish, depending on the language spoken
by the subject at home.13 Carotid IMT was assessed by high-resolution B-mode carotid
ultrasound (Diasonics 2D-Gateway, 7.5-MHz probe) according to the standardized scanning
and reading protocols as previously described.9 All subjects signed informed consent and the
Columbia University Medical Center Institutional Review Board approved the study.

Laboratory Analyses
Serum samples for inflammatory markers were drawn into EDTA tubes, spun immediately at
3000g at 4ºC for 20 minutes, and then frozen at −70ºC for later analysis. Inflammatory marker
levels were then measured in batched samples with the use of enzyme-linked immunosorbent
assay utilizing monoclonal antibodies to IL-1, IL-2, IL-6, IL-2 receptor, TNFR-1 and TNFR-2
levels (Biosource International). Fasting tHcy samples were measured at the University of
Colorado as previously described.12

Statistical Analyses
Inflammatory marker levels were available in a subsample of our stroke-free cohort (sample
size depended on marker, see table 1). We examined inflammatory marker levels as
independent variables in relation to MMSE score as the dependent variable. The MMSE was
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log transformed to create a normal distribution. We performed univariate analyses to assess
the effect of potential confounders, including age, sex, race-ethnicity, education, hypertension,
cardiovascular disease, current smoking status, tHcy, diabetes mellitus, body mass index
(BMI), and moderate alcohol consumption. Those variables associated with the MMSE at p
<0.1 were included in multivariate linear regression models. The final significance level was
p <0.05 (two-sided). We also examined tertiles of inflammatory marker levels in relation to
the MMSE. Analyses were performed using SAS software (version 8.2, Carey, NC).

RESULTS
Cytokines IL-1, IL-2, IL-6, and cytokine receptors IL-2R, TNFR-1, TNFR-2, and CRP levels
were available in a group of stroke-free participants. The same group of participants had
cytokines processed, although not all cytokines were obtained for a given individual (see table
1). The prevalence of sociodemographic variables and vascular risk factors were similar to the
overall cohort (mean age 66.8) but there were fewer blacks (15% vs. 20%).

Interleukin 6 levels ranged from 0.04 to 8.38 pg/mL in the sample (mean 1.4, SD 1.2; sensitivity
<104 fg/mL; Inter-assay CV: <6.72%, Intra-assay CV: <6.17%). Performance on the MMSE
was inversely associated with IL-6 levels (p=0.02) but there was no association between other
cytokine or cytokine receptor levels and the MMSE (table 1). Lower performance on the
MMSE (median MMSE = 27 overall, interquartile range 24-28) was seen for Hispanic subjects
compared to whites and for those with less than a high school education. Hypertension, a history
of cardiac disease, and total homocysteine levels were inversely associated with the MMSE.
Inerleukin-6 levels were positively associated with age, hypertension, diabetes mellitus, current
smoking, carotid IMT, tHcy, and BMI. Those with a history of moderate alcohol consumption
had lower IL-6 levels than non-drinkers or those that drank intermediate and heavy amounts.

In a multivariate linear regression model, each unit increase in IL-6 was associated with lower
performance on the MMSE (p=0.003) adjusting for age, gender, race-ethnicity, education,
hypertension, diabetes, cardiac disease, tHcy, current smoking status, alcohol consumption,
and carotid IMT. Hispanics compared to whites (p=0.02) and those with less than a high school
education (p<0.0001) had lower MMSE scores in the adjusted model. A history of cardiac
disease was also independently associated with lower MMSE scores (p=0.006). Carotid IMT
was not associated with cognition in this sample.

We confirmed our findings using tertiles of IL-6 (upper tertile 2.9 pg/mL, middle tertile 1.3
pg/mL, lowest 0.7 pg/mL); those in the highest tertile were significantly more likely to have
lower MMSE scores compared to those in the lowest tertile in the adjusted model (p=0.004).

DISCUSSION
Relative elevation of serum IL-6 levels was associated with a global measure of cognitive
function in this multiethnic cohort, adjusting for relevant sociodemographic and vascular
factors. Cross-sectional data do not allow determination of causality, but these findings support
the concept that inflammation may have deleterious effects on cognition. The mechanism is
poorly understood but may include interaction with vascular and/or neurodegenerative
processes. For example, higher levels of IL-6 have been found in the spinal fluid of AD patients.
14 Data supporting the idea that peripheral IL-6 levels represent those in brain is lacking, but
evidence suggests that IL-6 does cross the blood brain barrier and peripheral levels may
represent spillover from the central nervous system and be a marker of inflammation.15, 16

Interleukin 6 may also affect cognition through an interaction with vascular disease as there is
evidence that it increases the risk of diabetes mellitus and cardiovascular events.17, 18 In
addition, the finding that IL-6 and CRP levels above the median have predicted cognitive
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decline in those with, but not without, the metabolic syndrome implicates a vascular
mechanism.8 Also, CRP levels have predicted dementia 25 years later and this was most
dramatic for those with vascular dementia.2 In the current study adjusting for a history of
vascular risk factors had little effect on the association between IL-6 level and cognitive
function. Thus, IL-6 may be an independent vascular risk factor or may be directly neurotoxic.
We found a positive association between IL-6 and carotid IMT, an established measure of
subclinical atherosclerosis known to predict myocardial infarction and stroke.19 The
Atherosclerosis Risk in Communities study found an association between carotid IMT and
cognitive dysfunction.20 However, we were not able to confirm such a relationship despite
finding a history of cardiac disease to be independently associated with lower MMSE scores
in this stroke-free sample. It may be that IL-6 affects cognition through a vascular mechanism
such as small vessel damage that is independent of large vessel atherosclerosis. Future studies
in a larger sample from our cohort may help answer this question.

Our finding of lower cognitive function in Hispanic compared to white subjects adjusting for
age, education, and other factors may be due to differences in subclinical cerebrovascular
disease such as silent infarcts, but was not mediated by IL-6 levels in this sample. Hispanics
are a rapidly growing segment of the U.S. population and, together with blacks, may be at
elevated risk of small vessel disease as well as cognitive disorders.10, 21 In our cohort,
Hispanics had twice the incidence of stroke compared to whites living in the same community
and another study has shown a higher risk of dementia for Hispanics in Northern Manhattan
as well.10, 22 Factors such as literacy and activity level have been shown to affect cognitive
reserve and may explain some of the variance in performance on the MMSE. Data with
measures of literacy, activity level, and more sensitive measures of cognitive function are
needed to clarify race-ethnic differences in cognitive function in our cohort.23, 24

Limitations of this study include a relatively small sample size. Also, use of the MMSE as our
measure of cognition may have limited our ability to detect mild cognitive changes such as
problems with executive control function since it lacks sensitivity. This may have been true
especially in the more highly educated; about 25% of subjects with more than a high school
education achieved the maximum score (30 points) whereas only 1% of those with less than
an eighth grade education did so. Evidence suggests low education may increase the risk of
cognitive disorders and vascular disease and it remained an independent predictor of cognitive
function in our adjusted model.25 There was no interaction between low education and IL-6
levels as correlates of MMSE score, but more sensitive measures of cognitive function would
provide information about the effect of cytokine dysregulation in the more highly educated.

Our findings are cross-sectional but support the concept that IL-6 can be related to cognitive
dysfunction independent of other vascular risk factors or the presence of subclinical
atherosclerosis. However, evidence suggests vascular damage and neurodegenerative
processes may both be operative. Brain imaging studies involving measures of brain atrophy,
subclinical infarction, and white matter hyperintensities would be useful in understanding this
further. A subsample of our cohort is currently undergoing brain MRI and neuropsychological
testing; further studies in this group may help clarify the role of cytokine dysregulation in
cognition and the relative importance of vascular disease.
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TABLE 1
Associations between mean inflammatory marker levels and MMSE score.

Inflammatory Marker N MMSE Regression coefficient

IL-1 pg/mL 152 −0.01
IL-2 U/mL 164 −0.003
IL-2R pg/mL 251 0.001
IL-6 pg/mL 269 −0.03†
TNF-α pg/mL 185 0.0004
TNF-α receptor 1 ng/mL 268 −0.02
TNF-α receptor 2 ng/mL 268 −0.02
CRP mg/mL 220 −0.003

*
All IL levels processed were in the same sample.

†
P <0.1

MMSE=Mini Mental State Exam

IL=interleukin

TNF=tumor necrosis factor

CRP=C-reactive protein

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2006 February 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wright et al. Page 8

TABLE 2
Prevalence of sociodemographic and vascular factors in relation to Interleukin-6 levels and MMSE scores.

Mean (SD) Prevalence N (%) Interleukin-6 Mean
(SD)* or regression

coefficient (SE)†

MMSE Mean (SD)* or
regression coefficient

(SE)†

Age 66.7 (8.4) -- 0.01 (0.01)* −0.002 (0.001)*
Sex Women 145 (54) 1.1 (1.9) 25.2 (1.2)*

Men 124 (46) 1.0 (2.2) 26.1 (1.1)
Race-ethnicity Hispanic 170 (65) 1.3 (1.2) 25.1 (1.2)*

Black 44 (17) 1.6 (1.5) 26.1 (1.1)
White (ref) 48 (18) 1.3 (1.4) 27.4 (1.1)

Education <HS 146 (54) 1.1 (2.0) 24.9 (1.8)*
≥HS 123 (46) 1.0 (2.1) 27.8 (1.1)

Hypertension Yes 193 (72) 1.1 (2.0)* 25.4 (1.2)*
No 76 (28) 0.9 (2.1) 26.3 (1.1)

Diabetes Yes 59 (22) 1.3 (1.9)* 25.6 (1.2)
No 210 (78) 1.0 (2.1) 25.7 (1.2)

Current smoker Yes 40 (15) 1.3 (1.8)* 25.2 (1.2)
No 229 (85) 1.0 (2.1) 25.7 (1.2)

Cardiac disease Yes 61 (23) 1.1 (2.0) 24.8 (1.2)*
No 208 (77) 1.0 (2.0) 25.9 (1.1)

Moderate alcohol use Yes 84 (31) 0.9 (0.8)* 26.2 (1.2)
No 183 (69) 1.2 (0.7) 24.9 (1.2)

tHcy umol/L 9.2 (3.4) -- 0.42 (0.14)† −0.05 (0.03) †
BMI 28 (5) -- 0.03 (0.01)† −0.002 (0.002)
Carotid IMT 0.86 (0.15) -- 0.02 (0.01)† 0.02 (0.07)

*
P<0.1

tHcy = total homocysteine, regression coefficient (SE)

MMSE = Mini Mental State Examination

BMI = Body mass index

Moderate alcohol use = >1 drink/month to 2 drinks/day
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