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Abstract

Infections of herpes simplex virus type 1 (HSV-1), cytomegalovirus (CMV), Helicobacter pylori, 
and Chlamydia pneumoniae may play a role in cognitive decline via systemic inflammation. We 

hypothesized that Atherosclerosis Risk in Communities study participants who were seropositive 

in midlife for antibodies to HSV-1, CMV, H pylori, or C pneumoniae would have an accelerated 

rate of cognitive decline over 20 years. Atherosclerosis Risk in Communities performed a case-

cohort study involving a stratified random sample of participants tested for serum immunoglobulin 

G antibodies to the pathogens of interest. We conducted a longitudinal study using this cohort. 

Cognitive change was measured using Z scores from the Delayed Word Recall (DWR), Digit 

Symbol Substitution (DSS), and Word Fluency (WF) Tests administered at visits 2 (1990-1992), 4 

(1996-1998), and 5 (2011-2013). Linear regression models with generalized estimating equations 

and inverse probability of attrition weights were used to evaluate associations between infection 

and cognitive performance. Four hundred twenty-six participants were analyzed, of which 3% 

were seronegative for all 4 infections, 14% seropositive for one, 33% and 34% seropositive for 2 

and 3, respectively, and 16% seropositive for all infections. At baseline, test scores were 

significantly lower for participants seropositive for H pylori and C pneumoniae. After baseline 

covariate adjustment, the rate of decline in DWR, DSS, WF, and global Z scores did not differ 

significantly by infection status for any of the 4 infections. There was also no significant 

association between the number of infections for which participants were seropositive and 

cognitive decline. Our study provides no evidence supporting a longitudinal relationship between 

seropositivity and cognitive decline.
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Introduction

As people age, changes in cognition occur across a continuum that can range from normal 

aging to pathologic decline. Cognitive decline is a change in cognition that exceeds the 

decline expected due to aging alone.1, 2 Cognitive changes among older adults are important 

because pathologic decline indicates increased risk of cognitive impairment and dementia.2 

Past or chronic infections with herpes simplex virus type 1 (HSV-1), cytomegalovirus 

(CMV), Helicobacter pylori, and Chlamydia pneumoniae have been proposed as possible 

risk factors for cognitive decline.

Herpes simplex virus type 1 is a virus typically transmitted via oral-to-oral contact and while 

often asymptomatic, it can cause painful lesions at the site of infection, including cold sores.
3, 4 The infection is highly contagious with the majority of transmissions occurring in 

childhood and adolescence and a seroprevalence of 65% among those ages 70 and older. 

Cytomegalovirus is in the family of herpes viruses, is spread via bodily fluids, and can cause 

mild illness including fever, sore throat, and fatigue, but is usually asymptomatic.5 The 

seroprevalence of CMV is estimated to be 83% by age 70, but varies considerably by race 

and socioeconomic factors.6 Helicobacter pylori is a gram-negative bacillus that typically 

inhabits the mucous layer over the gastric epithelial cells.7 The seroprevalence of H pylori is 

57% among adults in the United States aged ≥70 with infection often occurring in childhood 

and usually remaining asymptomatic.8 Chlamydia pneumoniae is an intracellular bacterium 

that typically infects the lungs causing mild upper respiratory infection, and in more severe 

cases, bronchitis and pneumonia.9 However, 90% of people infected with C pneumoniae are 

asymptomatic.10 The seroprevalence is estimated to be 50% among adults.11

These common infections have long been hypothesized to have a role in the pathogenesis of 

atherosclerosis and coronary heart disease (CHD) by way of systemic inflammation; 

however, their association with cardiovascular disease has been inconsistent.12 There is, 

however, renewed interest in the role past infection may play in cognitive decline. 

Polymerase chain reaction procedures have detected elementary bodies of HSV-1, CMV, and 

C pneumoniae in brain tissues of dementia patients, and while H pylori likely does not 

infiltrate the brain directly, the pathogen is associated with persistent infection and can lead 

to a systemic inflammatory response implicated in dementia pathogenesis.13-16

The current literature is inconsistent as to whether HSV-1, CMV, H pylori, or C pneumoniae 
are associated with cognitive decline. Major limitations of previous studies include small 

sample sizes (n < 100) and reliance on case–control or cross-sectional study designs.17 The 

association between past infections and cognitive decline is biologically plausible, and the 

Atherosclerosis Risk in Communities (ARIC) Study offers an opportunity to examine this 

relationship longitudinally in a moderately sized subset of the cohort. We therefore 

hypothesized that ARIC participants whose baseline serum tested positive for antibodies to 

HSV-1, CMV, H pylori, or C pneumoniae would have an accelerated rate of cognitive 

decline over 20 years compared to participants whose serum tested negative.
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Methods

Atherosclerosis Risk in Communities is a prospective cohort study that enrolled 15 792 

participants, after institutional review board approval and written informed consent, ages 45 

to 64 from 4 communities: Forsyth County, North Carolina; Jackson, Mississippi; the 

northwestern suburbs of Minneapolis, Minnesota; and Washington County, Maryland. 

Atherosclerosis Risk in Communities has performed a number of case-cohort studies, for 

one of which the cohort component included a stratified random sample of 556 participants 

free from CHD who were tested for serum antibodies to HSV-1, CMV, H pylori, and C 
pneumoniae at visit 1 (1987-1989). These CHD-free participants were selected within strata 

based on age, race, and sex with oversampling of African American men ages 55 years and 

older. For the present analysis, a longitudinal analysis was conducted using this cohort 

random sample to assess the association between these 4 infections and cognitive decline 

over 20 years of follow-up, between ARIC clinic visits 2 (1990-1992) and 5 (2011-2013). 

When the cohort random sample was selected, cognitive decline had not yet been 

ascertained allowing us to assess the association longitudinally. After exclusions for 

participants who were non-white or African American as well as African Americans from 

Minnesota and Maryland (due to small numbers), those with missing serum antibody 

measures, those missing baseline covariates, and those who had a history of stroke, 426 

participants were included in the analysis.

In the mid-1990s, visit 1 serum samples were thawed and tested for immunoglobulin (IgG) 

antibodies to several different infectious pathogens. VP123 for HSV-1 and AD169 for CMV 

were tested using solid-phase radio-immunoassay performed at the Division of Molecular 

Virology, Baylor College of Medicine, Houston, Texas with positive cutoff indicated at 

≥2.25 for HSV and >2.05 for CMV.18 Immunoglobulin G antibodies to the high-molecular-

weight cell-associated proteins of H pylori were measured using enzyme-linked 

immunosorbent assay (HM-CAP, EPI, Westbury, New York) with positive cutoff indicated at 

>2.2.19 Immunoglobulin G antibodies to C pneumoniae strain Taiwan acute respiratory 

(TWAR) were measured using a micro immunofluorescence specific to TWAR at the 

University of Washington, Seattle, WA with positive cutoff indicated at a titer of 1:64.20

Cognitive change was measured using scores from the Delayed Word Recall (DWR) test, 

Digit Symbol Substitution (DSS) test, and Word Fluency (WF) test. These generally reflect 

cognitive domains of memory, executive function and processing speed, and language, 

respectively. The DWR, DSS, and WF tests were administered at visits 2 (1990-1992), 4 

(1996-1998), and 5 (2011-2013). Test scores were converted to Z scores and standardized to 

visit 2. The cognitive variables of interest were therefore difference in change, from 1990 to 

1992 to 2011 to 2013, in cognitive test Z score by each infection status.

Other covariates included age, sex, race, apolipoprotein E genotype (APOE ϵ4-yes/no), 

income, and education measured at visit 1. Covariates measured at visit 2 included body 

mass index, smoking status, alcohol drinking status, hypertension (defined as a systolic 

blood pressure of ≥140 mm Hg, diastolic blood pressure ≥ 90 mm Hg, or report of taking 

hypertensive medication), diabetes (defined as nonfasting glucose ≥ 200 mg/dL, fasting 

blood glucose ≥ 126 mg/dL, self-report of physician diagnosis of diabetes, or reporting 
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taking medication for diabetes or high blood sugar), prevalent CHD, and measured plasma 

high density lipoprotein and total cholesterol.

To assess the association between past infection status (positive/negative) and change in 

cognitive scores (measured at visits 2, 4, and 5) we calculated Z scores ([test score — mean 

score]/standard deviation) for the 3 cognitive tests as well as a combined global test. Linear 

regression models were used to estimate the difference in baseline cognitive levels by 

infection status for HSV-1, CMV, H pylori, and C pneumoniae. Linear regression models 

with generalized estimating equations were used to assess the association between the 4 

infections and 20-year cognitive decline as well as the number of seropositives for infection 

and 20-year cognitive decline using robust variance and an unstructured correlation matrix. 

There was an approximate 6-year difference between measures from visit 2 to visit 4, and a 

14-year difference between measures from visit 4 to visit 5. To account for the different 

slopes of decline during the 20 years of total follow-up, models included a linear spline for 

time with a knot at 6 years (visit 4) and an interaction term between time and infection 

status. Interactions between follow-up time and covariates were explored as appropriate.

Separate models were run for each cognitive test (DWRT, DSST, and WFT) and the global 

cognitive score. Models were adjusted for the baseline (visit 1 or 2) covariates. There were 

426 participants included at baseline and of those, 358 participants attended visit 4 and 186 

attended visit 5. To account for this attrition during follow-up, inverse probability of attrition 

weights (IPAW) were used in regression models. Weights for each participant were 

calculated at visits 4 and 5 by estimating the probability of (1) being alive at the time of the 

follow-up visit and (2) attending the visit, conditional on being alive at the time of the 

examination. These weights were stabilized by the baseline covariates of age, sex, race, and 

education. Due to the sampling design for the stratified cohort random sample, we also 

included weights to correct for the selection criteria used when creating the cohort random 

sample. With 80% power and an α of .05, the minimum detectable difference in cognitive 

test Z scores ranged from 0.2 to 0.3 for the 4 infections.

We conducted a sensitivity analysis using latent variable methods to incorporate all cognitive 

tests administered in ARIC at visits 2, 4, and 5 (including cognitive tests administered only 

at visit 5 that did not have repeated measures). However, results did not differ and are not 

presented here. All statistical analyses were performed with SAS version 9.4 (SAS Inc, 

Cary, North Carolina).

Results

At the time of the first cognitive assessment (visit 2) the 426 participants with serologic 

infectious pathogen measurements was 59 years old. Those who were seropositive for 

HSV-1, CMV, or H pylori were more likely to be African American, have less than a high 

school education, have an income less than US$16 000 (measured at visit 1), be a current 

smoker, have diabetes, and have higher total cholesterol compared to those who were 

seronegative (Table 1). Chlamydia pneumoniae status followed similar baseline prevalence 

patterns as the other 3 pathogens, but did not differ by socioeconomic measures (race, 

education, or income). Only 3% of participants were seronegative for all 4 infections, 14% 
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were seropositive for 1 infection, 33% were seropositive for 2 infections, 34% were 

seropositive for 3 infections, and 16% were seropositive for all 4 infections (Figure 1).

At baseline, there were no statistically significant differences in any of the cognitive test 

scores by infection status for HSV-1 or CMV after full adjustment for baseline covariates 

(Table 2). Cognitive test scores were statistically significantly lower in those seropositive for 

H pylori for the DWR test and global score, and in those seropositive for C pneumoniae for 

the WF test after full adjustment.

Over 20 years of follow-up (with aging), cognitive performance declined across all groups. 

However, after model 1 adjustments for baseline age, sex, race, and APOE ϵ4, the rate of 

decline in DWR, DSS, WF, or global test Z scores did not differ significantly by infection 

status for any of the 4 infections. After adjustment for the remaining covariates in model 2, 

the associations remained statistically insignificant (Table 3). For example, in the fully 

adjusted model after adjustment for IPAW, those with HSV at baseline had 0.1 (95% 

confidence interval: −0.1 to 0.4) less decline in global Z score over time compared to those 

without HSV-1, though this difference was not statistically significant (Table 3, final 

column). Further, there was no statistically significant association between the number of 

infections and cognitive decline over the follow-up period for any of the cognitive tests 

(results not shown).

Discussion

In this longitudinal study, participants with baseline serologic evidence of infection with 

HSV-1, CMV, H pylori, and C pneumoniae had no significant difference in cognitive decline 

over 20 years compared with those who were seronegative at baseline. While rate of decline 

did not differ, those who were seropositive for H pylori or C pneumoniae had significantly 

lower Z scores at baseline for some tests compared to those who were seronegative. There 

are very few prospective studies examining infection and cognitive decline.

Key strengths of our study include the longitudinal design and measurement of antibody 

titers in middle age, which ensured that infection exposure information preceded change in 

cognitive status. Most prior assessments of infection and cognition have been cross-

sectional. However, limitations of this analysis need to be considered. With only a small 

subset of the ARIC cohort tested for serum antibodies and a high prevalence of prior 

infection in the ARIC sample, we had limited statistical power to detect small differences in 

cognitive decline by infection status. Further, participants’ serum antibody levels were 

measured only once and antibody levels were dichotomized (positive/negative for past 

infection). This prevented us from determining severity of past infection as well as whether 

participants’ infections were reactivated during the follow-up period. In addition, we could 

not retest serum samples to ensure antibody levels remained stable over time. Infection 

status would have been misclassified for participants who seroconverted over the study 

period. Nonetheless, the infections studied are generally transmitted in childhood and 

adolescence, so seroconversion was likely uncommon.
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The battery of cognitive tests available over the follow-up period was also limited. Visits 2 

and 4 of ARIC included 3 cognitive tests, DWR, DSS, and WF. At visit 5, these 3 tests as 

well as Logical Memory, Incidental Learning, Trail Making Parts A and B, Digit Span 

Backwards, Boston Naming, and Semantic Fluency were also administered as part of the 

ARIC Neurocognitive Study. In our analysis, we did not incorporate all the available visit 5 

cognition data in order to conduct a longitudinal analysis of DWR, DSS, and WF at visits 2, 

4, and 5. A recent paper developed a latent variable model to assess domains of memory, 

executive function, and language using the full battery of testing available across all ARIC 

visits with cognitive testing.21 We conducted a sensitivity analysis using these latent 

variables, but as mentioned earlier, results did not differ and were not presented. Finally, 

misclassification may have resulted from error in serologic measurements, namely if 

participants had a weak immune response to infection. For that reason, we used a 

dichotomous infection status variable (positive or negative) with consideration of serum IgG 

levels.

While the relationship between infection and cognitive decline seems to be biologically 

plausible, our study does not support a meaningful longitudinal relation for the 4 infections 

studied. However, due to the limitations in how past infection and cognitive impairment 

were measured, generalizability of these results is somewhat limited. This study suggests the 

association between these 4 past infections and cognitive decline may be weak and not 

explain differential rates of cognitive decline with aging, unlike other variables such as 

education, APOE ϵ4, diabetes, hypertension, smoking, drinking, obesity, and 

hypercholesteremia.22-27 Further study using a larger, representative cohort with multiple 

serum measures is warranted to better characterize the relationship between past infection 

and cognitive impairment.
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Figure 1. 
(A) Distribution of baseline serum positives and (B) proportion of serum positives for each 

pathogen.
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