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Abstract

Background

Inflammatory markers are elevated in patients with dementia. Evidence for an association

between inflammation and cognitive function in dementia-free individuals is sparse, incon-

sistent, and predominantly restricted to the elderly. Assessment of inflammatory markers

in young adults as predictors of cognitive function in midlife, well before the onset of overt

dementia, is lacking. Furthermore, rarely has the relation with longitudinal change in inflam-

matory markers been examined.

Objective

To examine the association of the inflammatory markers C-reactive protein (CRP), fibrino-

gen, white blood cell count (WBC) and GlycA, a novel NMR-determined biomarker of sys-

temic inflammation, measured in young adulthood and of GlycA change over 13 years

follow-up with cognitive function in midlife.

Methods

507 participants of the Jerusalem Lipid Research Clinic (LRC) study were assessed at

3 time points over 18–22 years. First, the inflammatory variables GlycA, CRP, fibrinogen,

and WBC were measured in blood samples drawn at ages 28–32. Then, in blood samples

drawn a mean 13 years later (range, 12–16 years) at ages 41–46, GlycA was again mea-

sured (in 484 individuals). Subsequently at ages 48–52, on average 7 years later, global

cognitive function and its five specific component domains were assessed with a NeuroTrax

computerized test battery. Multiple regression and multivariable logistic models were

applied.
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Results

Inverse unadjusted associations were shown for baseline levels and longitudinal change in

inflammatory markers and measures of cognition. Multiple regression models were

adjusted for age at cognitive assessment, sex, socio-demographic characteristics, baseline

measures of leisure-time vigorous activity, smoking status and body mass index (BMI) at

ages 28–32, change in smoking status and BMI between ages 28–32 and 41–46, and

depression assessed at the time of cognitive testing. The highest quintile of GlycA change,

but not the baseline inflammation measures, was inversely related to global cognition (stan-

dardized β = -.109, p = .011) as well as to the information processing speed and memory

domains (standardized β = -.124, p = .008 and-.117, p = .014, respectively). The multivari-

able-adjusted odds ratio for low ranked global cognitive function (lowest fifth) comparing the

extreme quintiles of GlycA change was 4.8 (95%CI, 1.7–13.5, p = .003; p for trend = .031).

Conclusions

In this longitudinal study of a novel systemic inflammatory marker in a population-based

cohort of young adults, GlycA increase over 13 years, but not baseline measures of inflam-

mation, was associated with poorer cognitive function in midlife.

Introduction
Inflammatory markers, including acute-phase inflammatory reactants, have been found in the
cerebrospinal fluid and β-amyloid plaques in patients with dementia [1]. There is also evidence
that high circulating levels of inflammatory markers are associated with the risk of incident
dementia [2–4].

Evidence of an association between inflammatory markers and cognitive function in non-
demented individuals is inconsistent and predominantly based on older adults, where preclini-
cal dementia cannot be ruled out. These studies, which largely examined C-reactive protein
(CRP) and IL-6, either showed no association [5–7], poorer function [8–15] or greater cogni-
tive decline [16–19] in those with higher measures of inflammation. Some report associations
with CRP but not IL-6 [8, 13], others with IL-6 but not CRP [16, 17, 19], and some find both to
be associated with cognition [9, 11, 12, 14]. It remains unclear whether there are more relevant
markers of peripheral inflammation in relation to cognitive function. Several studies reported
associations with the white blood cell count (WBC) [10] and fibrinogen [18, 20]. Fewer still
examined longitudinal change in inflammatory markers in relation to cognition [14, 17]. Stud-
ies of inflammatory markers measured in young adults as predictors of cognitive function in
midlife, well before the onset of overt dementia, are lacking. There are no reports on the associ-
ation of GlycA, a novel NMR-determined composite biomarker of systemic inflammation [21],
or of GlycA change, with cognition.

The GlycA NMR signal originates from methyl group protons of a subset of glycan N-acet-
ylglucosamine residues on enzymatically glycosylated acute phase proteins. As the measured
amplitudes of this signal reflect the extent of plasma protein glycosylation, GlycA levels can
serve as a nonspecific marker of global inflammation status [21].

In the present study, we examine a key question of predictors of cognitive function in young
to middle-aged adults using 4 markers of systemic inflammation, CRP, fibrinogen, WBC and
GlycA, the latter measured twice in young adulthood over a 13-year period. As long-term
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factors such as obesity [22], smoking [23] and socioeconomic status (SES) may play a role in
the modulation of the immune system [24], we accounted in the analyses for body mass index
(BMI), smoking status, childhood SES and adult SES as well as their changes over time.

Our objective was to examine, in a population-based cohort, the association of the inflam-
matory markers CRP, fibrinogen, WBC and GlycA, measured at baseline at ages 28–32, and of
change in GlycA, measured on average 13 years later (range, 12–16 years) at ages 41–46 years,
with global cognitive function, the primary outcome variable, determined at ages 48–52. The
specific cognitive domains that contribute to global function served as secondary outcomes.

Materials and Methods

Study sample
In 1976–1978 (phase 1) the Jerusalem Lipid Research Clinic (LRC) Study initially examined
8646 17-y-old Jewish residents of Jerusalem, representing full age cohorts. A subsample com-
prising 1892 youngsters was reexamined within 3 months (phase 2). Details regarding sam-
pling and response rates are available [25]. In 1980–1983 (phase 3), 4997 (58%) of the
individuals screened at visit 1 were reexamined at age 20–22 y. In 1989–1991 (phase 4, the
baseline of the current study), a sample numbering 1052 eligible subjects (686 men, 366
women) was examined and interviewed at age 28–32 y [26]. In 2003–2006 (phase 5, the follow-
up of the present study), 631 of the baseline subjects were reexamined [27] [71% response rate,
after exclusion of 168 ineligible participants who were not current Jerusalem residents [n = 154
(92 moved away from the city and 62 were abroad)], were pregnant or were within 3 mo of
delivery (n = 4), had a serious incapacitating illness (e.g., metastatic cancer, end-stage renal dis-
ease, n = 3) or had died (n = 7)]. The inflammatory markers CRP, WBC and fibrinogen were
measured at baseline and GlycA was assayed both in baseline and follow-up samples. In 2009–
2011 (phase 6), 507 of the 631 participants underwent assessment of cognitive function (82%
response rate, after exclusion of 13 ineligible participants who were not current Jerusalem resi-
dents, had a serious illness or had died).

The Jerusalem LRC study was approved by the Hadassah Medical Center Helsinki Ethics
Committee. Participants provided signed informed consent.

Cognitive function
Cognitive functions were assessed through a battery of NeuroTrax computerized cognitive
tests (previously known as “MindStreams”) (NeuroTrax Corp., Modiin, Israel). The battery
was designed to evaluate performance across an array of cognitive domains known to deterio-
rate during aging (including memory, executive function, visual spatial processing, attention,
and information processing speed) and provide measurements of accuracy and response time
in milliseconds shown to be valid [28, 29] and reliable [30] in a short administration time of
approximately 30 minutes (0:32±0:04 in our study). Guidance and feedback were provided in
practice sessions that preceded each test. All responses were made using the mouse buttons or
with the number pad on the keyboard. Several of these tests are based on common neuropsy-
chological paradigms (including the Benton Visual Retention Test, Brief Visuospatial Memory
Test, Tova, Stroop, and subsets of WAIS-III (Wechsler Adult Intelligence Scale, 3rd ed.) and
have been previously used in clinical settings, as well as in studies of normal aging relating
these neuropsychological measurements to genetic findings [31] and brain imaging parameters
[32], and have been used in middle-aged adults [31–35]. A detailed description of the tests can
be found in S1 File.
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Inflammatory factors
Baseline and follow-up venous blood samples drawn after a 12-h overnight fast were stored at
-80°C until analysis. Inflammation markers assessed at baseline were plasma concentrations of
CRP (by ELISA) and fibrinogen (Clauss method), and WBC (Beckman Coulter Counter).
Plasma GlycA (by proton nuclear magnetic resonance spectroscopy) was quantified in both
baseline and follow-up samples, using an identical GlycA spectral deconvolution algorithm, as
previously described [21].

Covariates
Socio-demographic characteristics consisted of age, sex, origin (father's country of birth
grouped into Europe, Asia, North Africa, and Israel), religiosity (ultra-orthodox, religious, tra-
ditional, secular), highest educational attainment (university degree, high school graduate,
incomplete high school, elementary), childhood SES (2 measures based on father's occupation
modified from the Israel Central Bureau of Statistics (ICBS), ranked similarly to the British
Registrar General's scale [25], and the Vered Kraus Scale [36]) and adult SES (2 measures
based on the modified ICBS ranking and the MacArthur Scale of Subjective Social Status [37]).
Social mobility was computed by subtracting the ICBS-based SES in adulthood from the child-
hood SES measure (both having a range from 1 (upper) to 6 (lower)). The social mobility score,
ranging from -5 (maximal downward drifting) to +5 (maximal upward mobility), was grouped
as no change/upward mobility (scores�0) and downward drifting (scores<0).

Measures of BMI (in kg/m2), blood pressure, heath behaviors and biochemistry were
obtained from the baseline examination and interview at mean age 30y. Blood pressure was
taken as the mean of the last 2 of 3 seated measurements using a standard mercury sphygmo-
manometer after 5 min of quiet rest. Health behaviors consisted of cigarette smoking status
(never, former, current), alcohol intake (� once a week, and a median split of number of units
per week as 2 dummy variables of low and high intake), and vigorous physical leisure-time
activity for at least 20 minutes causing sweating and shortness of breath (yes/no). Smoking sta-
tus and BMI were also obtained from the follow-up visit at mean age 43y. Smoking status
change was classified to no change, change from former to current smoker or current to former
smoker as dummy variables. BMI change was defined as the mean difference between measure-
ments. Plasma glucose, insulin, total cholesterol, HDL-C and triglycerides were measured on
samples drawn after a 12-h fast by standard enzymatic techniques and radioimmunoassay
(insulin). LDL-C was computed by the Friedewald method [38]. Serum homocysteine level was
determined using HPLC with fluorometric detection.

Depressive and anxiety symptoms were measured at phase 6 using a translated Hebrew ver-
sion of the Hospital Anxiety and Depression Scale (HADS) (two 7-item independent sub-
scales)[39].

Statistical analysis
Cognitive raw outcome measures (i.e., response time, accuracy and composite scores) were z-
standardized to permit the averaging of performances across the different types and scales of
the outcome measures. Timed measures (response time and response time SD) were multiplied
by -1 so that higher values indicate better performance. The z-standardized measures were
then averaged to produce five scores, each indexing a different cognitive domain: memory,
attention, executive function, visual spatial, and information processing speed. A summary
global cognitive score, computed as the average of the 5 domain scores, was treated as the main
dependent variable. Cognitive scores with negatively skewed distributions (global, memory
and attention) were Box-Cox [40] power transformed (λ = - 0.5), i.e., inverse square-root
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transformed, to achieve an approximately Gaussian distribution, subsequent to reflection
(computed by subtracting each value of a negatively skewed score from a constant).

WBC and CRP which showed positive skewness underwent a Box-Cox transformation (λ =
0) that did not materially affect the associations of WBC (and is not reported) and only the
transformed CRP is reported. Baseline and follow-up GlycA, GlycA change and fibrinogen,
were approximately normally distributed.

Multiple linear regression models were used to examine the associations between each
inflammatory marker (independent variable) and global function (the dependent variable).
These models were repeated separately for each of the 5 cognitive domains to assess to which
component(s) the association with global function can be attributed. Regression coefficients
are reported as standardized betas (β). Odds ratios (ORs) and 95% confidence intervals (CI)
for poor cognitive function associated with inflammation were computed from logistic models.
A score in the lowest quintile was classified as relatively poor cognitive performance. Longitu-
dinal GlycA change was modeled as a predictor variable in three modes: as a continuous vari-
able, as quintiles of change, and as a dichotomous variable (the highest quintile of change vs
the lowest 4 grouped). Tests for linear trend across quintiles were performed by including an
ordinal variable with the median value of each quintile introduced in the regression models.

Analyses were adjusted for age, sex, education, origin, SES in childhood (ICBS ranking),
adult SSES (ICBS ranking), baseline leisure-time vigorous activity, smoking status, BMI, and
depression. These were selected on the basis of their confounding effect size, when introduced
singly, on the β coefficient of the GlycA change-global cognition association (additionally
adjusted for baseline measurement of GlycA and the time that elapsed between measurements).
Although age and sex did not meet the criterion for inclusion, we retained adjustment for these
variables. Social mobility, religiosity, anxiety, systolic and diastolic blood pressure, alcohol
intake, fasting plasma glucose, insulin resistance (HOMA1-IR), homocysteine, total choles-
terol, HDL-C, non HDL-C, LDL-C and triglycerides showed no material confounding effect
and were not included. In a further step, analyses were additionally adjusted for change in
smoking status and change in BMI during the 13 yr follow-up. To avoid loss of observations in
the multivariable analyses, missing values were replaced with non-missing median (adult SES,
n = 5; leisure-time vigorous activity, n = 1) or mean (depression, n = 4; change in BMI, n = 3)
values.

Statistical analyses were carried out using SPSS v21.0 (IBM Corp., Armonk, NY).
A data file of the study variables can be found in the S1 Table.

Results
Characteristics of the study sample are presented in Table 1. Participants were aged 28–32 at
baseline (mean 30.1y) and 41–46 at follow-up (mean 43.1y) with a range of 12 to 16 years of
follow-up (mean 13.0±0.7y); 32% were women, and 54% were high school or university
graduates.

Mean BMI increased from 24.7 ± 3.6 to 27.1 ± 4.4 during follow-up, while the smoking
prevalence declined from 38% to 31%. Alcohol intake was low as was leisure-time vigorous
activity. Mean HDL-cholesterol was low (as has been reported [27]).

Levels of GlycA, CRP, WBC and fibrinogen at baseline and GlycA change over the 13-year
follow-up were available for 486, 493, 495, 464 and 484 of the 507 participants assessed subse-
quently for global cognitive function, respectively. Median values for GlycA, CRP, WBC and
fibrinogen at baseline were 264 μmol/L (interquartile range [IQR]: 226 to 301μmol/L), 10.8
nmol/L (IQR: 5.0 to 25.5 nmol/L) (CRP conversion factor to mg/L units, divide by 9.524),
6,600 (IQR: 5600 to 7700) and 229 mg/dL (IQR: 194 to 265 mg/dL). GlycA correlated positively
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Table 1. Characteristics of the study sample: the Jerusalem LRC longitudinal study, 1976–2011.

Characteristics Total

n 507

Socio-demographic variables

Age at baseline (y) (range) 30.1±0.8 a (28.1–32.1)

Age at follow-up (y) (range) 43.1±0.9 (41.2–46.6)

Female (%) 32.3

Country of birth (%)

Israel 22.5

Europe 22.7

Asia 29.4

N. Africa 25.4

Religiosity (%)

Ultra-orthodox 7.9

Religious 19.1

Traditional 31.8

Secular 41.2

Education, highest level (%)

University graduate 32.3

High school graduate 21.7

High school not graduated (9–12 yrs) 40.0

Elementary school (� 8 yrs) 5.9

Adult SES (ICBS ranking) b 2.7 ± 1.2

Adult SES (MacArthur Scale) c 7.2 ± 1.5

Childhood SES (ICBS ranking) b 3.8 ± 1.6

Childhood SES (Vered Kraus Scale) c 44.4 ± 30.1

Social mobility d 1.1 ± 1.6

Inflammatory markers at baseline

C-reactive protein (nmol/L) 21.2 ± 31.0

White blood cell count 6850 ± 1700

Fibrinogen (mg/dL) 233.2 ± 54.9

GlycA (μmol/L) 265 ± 52

GlycA change (μmol/L) e 97± 54

Anthropometric and blood pressure at baseline

BMI (kg/m2) 24.7 ± 3.6

BMI (kg/m2) at follow-up 27.1 ± 4.4

Systolic blood pressure (mmHg) 112 ± 10

Diastolic blood pressure (mmHg) 68 ± 9

Psychosocial variables

Depressive symptoms score (HADS 0–21) f 3.6 ± 2.9

Anxiety symptoms score (HADS 0–21) f 5.6 ± 3.7

Lifestyle variables at baseline

Leisure-time vigorous activity (%) g 21.7

Alcohol intake of �once/ week (%) 39.4

Low intake (units/week) h 1.4 ± 0.5

High intake (units/week) h 5.7 ± 2.8

Pack-years (whole sample) 4.5 ± 6.5

Among ever smoked 9.5 ± 6.5

% current smokers 37.7

(Continued)
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with CRP (Spearman rho = 0.55, p< .001) and less strongly with WBC and fibrinogen
(rho = 0.33 and 0.32, respectively, p< .001, for both). Mean GlycA increased from 265 μmol/L
at baseline to 361 μmol/L at follow-up. A GlycA increase over the mean 13 year follow-up
period was evident in 473 of the 484 participants measured (98%), consistent with reports of a
CRP increase with age [41, 42].

In unadjusted linear regression models of the baseline inflammatory markers, fibrinogen
was inversely associated with global cognition and the specific domain of executive function,
GlycA showed similar but weaker associations, whereas CRP and WBC were not associated
with global cognition. Unadjusted increase in GlycA over 13 years was associated with lower

Table 1. (Continued)

Characteristics Total

Pack-years at follow-up (whole sample) 8.3 ± 11.8

Among ever smoked 17.4 + 11.6

% current smokers 31.4

Biochemistry at baseline

Plasma Lipids (mmol/L)

Total cholesterol 4.4 ± 0.8

HDL-cholesterol 1.0 ± 0.3

Non-HDL-cholesterol 3.4 ± 0.9

LDL-cholesterol i 2.7 ± 0.7

Triglycerides 1.4 ± 0.9

Fasting plasma glucose (mmol/L) 5.1 ± 0.5

HOMA-IR (mmol/L) j 3.9 ± 1.8

Homocysteine (μmol/L) 12.2 ± 8.5

LRC, Lipid Research Clinic; BMI, body mass index
a Mean ± SD (all such values).
b An higher value infers a lower SES. Scale range from 1–6.
c An higher value infers a higher SES. Vered Kraus scores range from 2.60–98.96; MacArthur Scale range

from 1–10.
d Computed by subtracting ICBS-based SES in adulthood from SES in childhood (both with a range from 1

(upper) to 6 (lower)). Range of social mobility score was from -5 (maximal downward drifting) to +5

(maximal upward mobility). No change/upward mobility corresponds to scores �0, whereas downward

drifting corresponds to scores <0.
e Computed by subtracting baseline GlycA at ages 28–32 from GlycA measured at ages 41–46.
f 7-items each scored 0-3.Scale range from 0–21. Cronbach's alphas were adequate at .71 and .785 for the

depression and the anxiety subscale, respectively.
g Exercise for at least 20 minutes causing heavy breathing and sweating.
h Low/ high intake, according to median split of alcohol intake among consumers of �once/ week.
i Computed by the Friedewald method [38].; not computed for 7 males at age 30 and 11 participants (10

males and 1 females) at age 43 with triglycerides > 400 mg/dL.
j Calculated as the product of fasting serum glucose (mmol/L) x fasting serum insulin (mlU/L) divided by

22.5.

Missing data: adult SES (ICBS ranking) (n = 5), adult SES (MacArthur Scale) (n = 11), early SEP (Vered

Kraus Scale) (n = 4), social mobility (n = 5), depressive symptoms score (n = 4), anxiety symptoms score

(n = 4), leisure-time vigorous activity (n = 1), BMI at follow-up (n = 1), LDL-cholesterol (n = 7), HOMA-IR

(n = 1), homocysteine (n = 16), C-reactive protein (n = 14), WBC (n = 12), fibrinogen (n = 43), baseline

GlycA (n = 21), GlycA change (n = 23).

doi:10.1371/journal.pone.0138036.t001
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global cognition, an association that was mostly evident in the upper quintile of GlycA change
(p = 0.010 for trend in quintiles, and p = 0.003 for quintile 5 vs. the lower 4 quintiles grouped)
(Table 2, Model 1). Multiple regression models were adjusted for age, sex, educational level,
origin, childhood SES (ICBS ranking) and adult SES (ICBS ranking), baseline leisure-time vig-
orous activity, smoking status, BMI and depression (Table 2, Model 2). The association of
global cognition with GlycA change, but not with the baseline inflammatory markers, persisted
for the highest quintile of change (p for trend = .018 and p = 0.005 for the upper vs. the 4 lower
quintiles grouped). The domains that contributed to this association were information process-
ing speed (p = .012, upper vs. lower 4 quintiles) and memory (p = .007) (Table 2, Model 2).

Weight gain and cessation of smoking over the 13-year follow-up were associated with
change in GlycA (not shown), indicating enhanced and reduced inflammatory responses,
respectively, further supporting the role of GlycA as an inflammatory marker. Adjustment for
change in smoking status and change in BMI during the follow-up had little effect on the mag-
nitude of the associations (Table 2, Model 3). Additional adjustment for baseline triglyceride
concentration and change in triglycerides did not affect the associations (not shown). Substi-
tuting mother's country of origin for father's country of origin did not materially alter the asso-
ciation of GlycA change with global cognition (not shown).

Using multivariable logistic models to predict poorer cognitive function (defined as the bot-
tom fifth of the cognitive distribution), high GlycA change was associated with poorer global cog-
nitive scores compared with the lowest quintile of GlycA change ((Table 3, model 2 adjusted
OR = 4.44, 95%CI, 1.71–11.52, p = 0.002, and p for trend = 0.024, and model 3 OR = 4.81, 95%
CI, 1.71–13.54, p = .003, and p for trend = 0.031). The major contribution to poorer global cogni-
tion was from the visual spatial domain (p trend = 0.014 and 0.067 for models 2 and 3 (Table 3),
respectively. The comparison of the top quintile of GlycA change vs. the bottom 4 grouped
yielded ORs of 2.52; 95%CI, 1.32–4.84, p = .005 for model 2 and 2.68; 95%CI, 1.34–5.39, p = .006
for model 3. The memory component contributed in model 2 (OR, 1.94; 95%CI, 1.03–3.65, p =
.039), but less so in model 3. In summary, an enhanced inflammatory response between the ages
of 30 and 43y was associated with poorer cognition at age 48–52.

Discussion
To the best of our knowledge this is the first study to evaluate associations of baseline levels
and long-term change in inflammation status with cognition in healthy young adults. We
examined baseline CRP, WBC, fibrinogen and GlycA levels at ages 28–32 and GlycA change
over a 13-year interval in a sample of the Jerusalem LRC Study cohort. Our results indicate that
an enhanced inflammatory response between the ages of 30 and 43 years was associated with
poorer cognitive function at age 48–52, whereas baseline inflammation level at a young age was
not predictive of midlife cognition. The associations were robust to adjustment for sex, socio-
demographic characteristics, smoking, BMI, exercise, depression and plasma triglycerides, and
persisted after further adjustment for change in smoking status, change in BMI and change in
triglycerides during the 13y follow-up.

To date few studies have examined longitudinal change in inflammation in relation to cog-
nition. Our results regarding GlycA change-cognition associations are consistent with those
recently reported in a sample of over 1,600 adults aged 65 and older from the US Cardiovascu-
lar Health Study All Stars where increase in CRP or IL-6 over 9 years was associated with
increased risk of cognitive impairment. Associations were observed with the Modified Mini-
Mental Status Examination (3MSE) and the digit symbol substitution test (DSST), the former
reflecting global cognitive function and the latter as a test of sustained attention, response
speed and visuomotor coordination [14]. In the Jerusalem LRC study, however, attention,
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visual spatial and executive function did not appear to be the domains associated with long-
term inflammation, but rather global cognitive function and its information processing speed
and memory domains. In contrast, the Whitehall II study of over 5,000 British civil servants
aged 45–69 at baseline measurement of CRP and IL-6, showed no association of change in the
inflammatory markers over a 6-yr interval with any of the cognitive domain scores [17].

Other studies investigated inflammatory marker levels measured at a single time point.
Some reported null associations generally consistent with our findings for baseline inflamma-
tion [6, 7], although most reported inverse associations with different and inconsistent sets of
cognitive domains between studies [8,14,17,9,10,13, 16,19,11,18] and/ or a measure of global
cognitive function [5,17,12,16]. All these studies assessed individuals who were middle-aged
and older[5,8–11, 17] or were elderly [10,12–16, 18, 19] at the time of inflammatory marker
measurement, mostly of CRP and/ or IL-6 biomarkers [17,14,9,19,15,16,11], making it difficult
to compare our baseline findings to others.

Several potential mechanisms might explain an association between inflammation and cog-
nitive function. It may be that inflammation is associated with cognition indirectly through
vascular mechanisms. Inflammation is associated with atherosclerosis/cardiovascular disease
[43], including cerebrovascular disease [44], which could contribute to cognitive impairment.
It has also been suggested that inflammation affects cognition through its impact on cerebral
small-vessel disease [45] as postulated by the association with silent brain infarction [46].

It is also possible that inflammation is associated with cognitive function independently of
vascular-related conditions. Accumulating evidence indicates that inflammation plays a role in
neurodegenerative diseases and impaired memory through increased Aβ accumulation as
reported in APPmice[47], as well as in numerous healthy-state cognitive processes through
direct effects on synaptic plasticity, neurogenesis, and neuromodulation that affect cognition
[48]. Some evidence indicates that peripheral cytokines penetrate the blood-brain barrier
directly via active transport mechanisms or indirectly via vagal nerve stimulation [49].

The strengths of this study lie in the longitudinal assessment of change in a marker of
inflammation, the comprehensive objective computerized cognitive measures with millisecond
precision [50], and the wide range of potential confounders evaluated, including detailed
socio-demographic, psychosocial, anthropometric, health behavioral and laboratory variables.
The young age at baseline inflammation measurement and the age of the participants at cogni-
tive testing, which are younger than in most studies on cognitive aging [51], differ from previ-
ous research on this topic. Further strengths are the use of 4 markers of systemic inflammation,
including the use of the novel NMR-determined inflammatory biomarker, GlycA, and
accounting for SES indices both in childhood and adulthood as well as changes in SES, smoking
status and BMI during the follow-up. A limitation is that the measures of cognition were done
at one point in midlife. Consequently, no direct inference about the role of inflammation on
cognitive decline can be drawn. However, the results of our study are unlikely to be affected by
preclinical dementia common to previous reports of older individuals. Another limitation is
the modest sample size (n = 484 for repeated measures of GlycA).

In conclusion, this study may be the first to address and identify in young adults an associa-
tion of change in inflammation level over a long-term period with cognitive function. Addi-
tional longitudinal studies of young cohorts with measurement of GlycA and additional
inflammatory markers are needed to confirm these findings. This study is consistent with a
mechanism underlining the interplay between the immune system and cognitive decline and
the recently proposed hypothesis that interventions through anti-inflammatory strategies [47,
52] may be therapeutically relevant to delay cognitive decline.
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