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Chronic infections and the subsequent immune response have recently been shown to be risk factors for
cognitive decline and Alzheimer disease and related dementias (ADRD). While some studies have shown an
association between cytomegalovirus (CMV), a chronic and highly prevalent infection, and cognition and/or
ADRD, these studies have been limited by nonrepresentative and small samples. Using 2016 data on 5,617 adults
aged 65 years or more from the Health and Retirement Study, we investigated the cross-sectional associations
of both CMV serostatus and immunoglobulin G (IgG) antibody response with cognitive function using linear
regression models adjusting for age, sex, race/ethnicity, and educational attainment. We further investigated
potential effect-measure modification by educational attainment. Overall, both CMV seropositivity and higher
IgG antibody response were associated with lower cognitive function, though the relationship was not statistically
significant in adjusted models. Among participants with less than a high school diploma, CMV seropositivity and
being in the first tertile of IgG response, relative to seronegative persons, were associated with lower scores on
the Telephone Interview for Cognitive Status (−0.56 points (95% confidence interval: −1.63, 0.52) and −0.89
points (95% confidence interval: −2.07, 0.29), respectively), and the relationship was attenuated among those
with higher education. Our results suggest that CMV may be a risk factor for cognitive impairment, particularly
among persons with fewer educational resources.

Alzheimer disease and related dementias; cognitive decline; cytomegalovirus; educational attainment; immune
function

Abbreviations: ADRD, Alzheimer disease and related dementias; APOE, apolipoprotein E gene; CI, confidence interval; CMV,
cytomegalovirus; HRS, Health and Retirement Study; IgG, immunoglobulin G; TICS, Telephone Interview for Cognitive Status.

Cognitive impairment and Alzheimer disease and related
dementias (ADRD) present a unique health-care challenge
for the United States (1, 2). The estimated number of preva-
lent ADRD cases grew to over 5.5 million in 2019 (3) and
is expected to reach almost 14 million by 2050 (4). Long-
term care spending for persons with ADRD was estimated
to be $162.7 billion in 2016 alone (5). There are several
known risk factors for ADRD, including chronological age,
possession of the apolipoprotein E gene (APOE) ε4 allele,
sex, and education (6–8). However, the search for novel risk
factors and early indicators of ADRD continues, and there
are compelling data supporting immune-system alterations
as an important risk factor for the onset of ADRD.

Recent evidence has implicated chronic infection in the
etiology of both cognitive decline and ADRD (9, 10).
Immune response to infection, both seropositivity and
immunoglobulin G (IgG) level, and resulting elevations in
inflammation have been implicated in the accumulation
of amyloid β, which is a key pathological feature of
ADRD and is associated with other neurodegenerative
processes such as microglial senescence (9, 11, 12). The
resulting shifts in the T-cell compartment toward aged
T-cell phenotypes (i.e., lower CD4+:CD8+ and effector
memory:naive T-cell ratios) may also play a role (13).
Several studies have implicated infections in ADRD, and
the role of immune system response to cytomegalovirus
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(CMV), a highly prevalent, chronic infection, has been in-
vestigated in several studies (13–29). In particular, several
studies have demonstrated a negative association between
CMV seroprevalence or serointensity (i.e., IgG level) and
cognitive function, cognitive decline, and/or ADRD (14–
24). Sample sizes in these studies ranged from 44 to
1,625, drawing from a range of populations in the United
States (14–23) and 1 from Finland with 7,112 participants
(24). At the same time, a few investigators have reported
results that were not in the hypothesized direction or did
not reach statistical significance (13, 24–29). These latter
studies included 100–1,308 participants from largely clinical
cohorts, though 1 was a community-based sample (i.e., the
Northern Manhattan Study). Methodological variation such
as differences in the sample composition (e.g., by age, sex,
and education) and national representativeness of existing
studies, different kinds of assessments of CMV infection
(i.e., seropositivity, continuous IgG levels, CMV-specific
CD8+ cells, etc.), and/or the inclusion of differing cognitive
domains in the studies may account for the inconsistent
findings. In the current study, we tested the CMV-cognition
association in a nationally representative sample of older
adults in the United States, providing better generalizability
of the findings in comparison with prior research.

There is growing recognition that both social and biolog-
ical factors work together to influence ADRD and cognitive
decline (30–32). CMV is a highly prevalent virus (50.4%
of the US population aged 6–49 years (33) and higher
prevalence among older populations) but is strongly socially
patterned, whereby socially disadvantaged populations carry
a greater burden (34–39). Therefore, educational attainment
may confound the association between CMV and cognition.
On the other hand, educational attainment reflects different
levels of resource availability throughout the life course—
for example, through access to health care and knowledge of
healthy behaviors—and therefore may shape a person’s abil-
ity to minimize the effects of CMV on cognitive decline (40).
In addition, educational attainment may also reflect one’s
level of cognitive reserve, and thus resiliency of the human
brain against the adverse effects of CMV. This could then
protect an individual from the changes in brain pathology
that lead to cognitive decline and act as an effect-measure
modifier of the relationship between CMV and cognition
(41).

Cognitive reserve, or the capacity of the brain to cope
with damage differentially, is thought of in one of 2 ways:
either as a passive process in which there is a threshold
past which neurodegeneration is expressed clinically or as
an active process in which the brain is constantly work-
ing to compensate for degeneration. The passive models
conceptualize this as brain size, number of synapses, etc.
(i.e., the “hardware” of the brain) being the “reserve” and
there being a “critical threshold” at which functional deficits
manifest themselves clinically (41, 42). Thus, theoretically,
the greater a reserve someone starts with, the more degrada-
tion he/she can sustain before reaching clinical impairment.
The active models, on the other hand, conceptualize reserve
as “software” that allows someone to process information
and tasks more efficiently, and therefore the same amount
of degradation in brain physiology may not manifest in

the same clinical symptoms (41). This ultimately means
that even if 2 individuals sustain the same amount of brain
pathology, one with more cognitive reserve (i.e., a larger
amount of hardware, or a greater ability to recruit brain
networks efficiently) will present fewer clinical cognitive
deficits (or none) because of his/her reserve. In practice,
cognitive reserve is often proxied by educational attainment
(43). In theory, educational attainment could operate through
both the hardware and software mechanisms; higher edu-
cational attainment during brain development could result
in more neurons, synapses, etc., for the remainder of the
life course, while higher educational attainment could also
provide the skills necessary for a person to compensate
for physiological changes through behaviors and executive
functioning.

In this study, we used data from a large US-representative
sample of adults aged 65 years or more to test the associ-
ations of CMV serostatus and IgG response with cognitive
function and to test whether educational attainment modi-
fies the association between CMV and cognitive function.
We hypothesized that CMV is associated with lower cog-
nitive function and that based on the theory of cognitive
reserve, higher educational attainment modifies the relation-
ship between CMV and an individual’s cognitive decline.

METHODS

Study population

Data for this analysis came from the Health and Retire-
ment Study (HRS), the largest ongoing nationally repre-
sentative longitudinal survey of older adults in the United
States, conducted at the University of Michigan (Ann Arbor,
Michigan). The HRS began in 1992 and included over
22,000 adults over the age of 50 years (i.e., >50 years)
at baseline. Follow-up occurred, and continues to occur,
every 2 years. The survey design and methods of the HRS
have been described previously (44–46). Data collection
consisted of face-to-face baseline interviews and primarily
telephone interviews for follow-up waves until 2006, when
half of the sample (alternated at each subsequent wave) was
randomly assigned to undergo face-to-face interviews for
measurement of additional physical and biological variables
(47). Our analysis utilized existing demographic, social, and
cognitive data from the 2016 core interview, with CMV data
obtained from the 2016 Venous Blood Study. Of the 9,934
participants who consented to the venous blood draw and
were tested (consent rate = 78.5%; completion rate = 65%),
our analysis included 5,617 persons who 1) were at least
65 years of age at baseline and 2) had full covariate and
cognitive data (48). Web Figure 1 (available at https://doi.
org/10.1093/aje/kwaa238) depicts the sample derivation.

Measures

Cytomegalovirus. CMV seropositivity was based on the
presence of IgG antibodies targeted against CMV in blood
serum. Measurement was carried out using the Roche e411
immunoassay analyzer (Roche Diagnostics Corporation,
Indianapolis, Indiana). The lower limit of detection was
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0.015 antibody units per milliliter (U/mL). Seroprevalence
was reported in the study as nonreactive (<0.50 U/mL),
borderline (0.50–0.99 U/mL), or reactive (≥1.00 U/mL),
and for this study “borderline” was considered seropositive.
In order to investigate the association between immune
response to CMV and our outcomes, we also categorized
seropositive individuals into tertiles of CMV IgG antibody
level and compared persons in each tertile of CMV IgG
antibody level with seronegative persons.

Global cognition. Global cognition is a summary measure
based on several cognitive tests including word recall and
mental status items. Questions included in this score were
asked over the telephone by interviewers as part of the
Telephone Interview for Cognitive Status (TICS) and were
answered by the study participants. This variable has a possi-
ble score range of 0–35 and includes measures of immediate
recall (0–10), delayed recall (0–10), serial 7’s (0–5), back-
wards counting from 20 (0–2), object naming (scissors and
cactus; 0–2), President naming (0–1), Vice President naming
(0–1), and date naming (month, day, year, and day of the
week; 0–4) encompassing the cognitive domains of verbal
memory, orientation, executive functioning, and attention.
TICS score was treated as a continuous variable in this
analysis.

Covariates. Data on sociodemographic characteristics, in-
cluding educational attainment, sex, age, existing comor-
bidity, and race/ethnicity, were collected in the 2016 core
interview. These data are self-reported during interviews
conducted by trained study staff, either in the participant’s
home or via telephone, depending on whether the parti-
cipant received a face-to-face interview in that study year.
Educational attainment was categorized as less than a high
school diploma, a high school diploma, some college, or
a college degree or more. Race/ethnicity was categorized
as non-Hispanic White, non-Hispanic Black, Hispanic, or
other, and sex was self-reported as either male or female.
We also constructed a comorbidity index, which is a sum of
indicators for whether a physician has diagnosed the respon-
dent with high blood pressure, diabetes, cancer, lung disease,
heart disease, stroke, and/or arthritis. This was modeled after
the RAND HRS comorbidity index (RAND Corporation,
Santa Monica, California), with the exception of psychi-
atric problems, which were excluded because of missing
data.

Statistical analyses

All statistical analyses were conducted in SAS 9.4 (SAS
Institute, Inc., Cary, North Carolina). Descriptive statistics
were compiled to characterize the study population overall
and by CMV seropositivity. We used linear regression mod-
els to estimate the relationships of CMV serostatus and IgG
antibody response with TICS score in the study population.
Fully adjusted models included age (grand mean–centered,
quadratic term), sex, race/ethnicity, and educational attain-
ment. This minimally sufficient adjustment set was deter-
mined a priori through directed acyclic graph analysis (49).
The directed acyclic graph included other variables, such as

wealth and marital status, whose pathways were blocked by
the inclusion of the aforementioned variables. Analyses ad-
justing for comorbid conditions, which may be confounders
or mediators, were performed as sensitivity analyses. We
further investigated potential effect-measure modification of
the relationship between CMV and TICS score by educa-
tional attainment by using stratified regression models and
testing for interaction between CMV and education.

RESULTS

Sample characteristics

The 5,617 adults who met eligibility criteria and were
included in our analysis were 57.6% female and were a
mean of 75 years of age at the time of data collection in
2016, with an age range of 65–107 years. The prevalence of
CMV was 73.2% in the overall population, 77.1% percent
in females, and 67.9% in males. Overall, 80.0% of the
population described themselves as non-Hispanic White,
though a smaller proportion of non-Hispanic Whites was
CMV-seropositive (68.7%) compared with non-Hispanic
Blacks and persons of other races/ethnicities (91.4% and
91.4%, respectively). Ninety percent of those with less than
a high school diploma were CMV-seropositive, compared
with 77.3%, 69.0%, and 59.1% of those with a high school
diploma, some college, and a college degree or above,
respectively. Sixty-three percent of the study population
was married or partnered, and 22.5% were widowed. The
distribution of smoking status overall included 44.8%
categorized as never smokers, 46.9% as former smokers,
and 8.3% as current smokers. A total of 75.5% of never
smokers were CMV-seropositive, as were 70.3% of former
smokers and 77.6% of current smokers. The median TICS
score was 2 points lower among CMV-seropositive persons
than among CMV-seronegative persons. The demographic
and social characteristics of our study population are shown
in Table 1.

CMV and cognition

Table 2 shows the association between CMV serostatus
and TICS score before and after covariate adjustment. In
the age-adjusted model, we found that CMV seropositiv-
ity was significantly associated with a lower mean TICS
score, though this association was largely attenuated after
adjustment for confounding variables. The adjusted estimate
for a CMV-seropositive participant compared with a CMV
seronegative participant was attenuated to −0.19 (95% con-
fidence interval (CI): −0.45, 0.08) points on the TICS scale
as compared with the age-adjusted estimate of −1.69 (95%
CI: −1.98, −1.40) TICS points.

Table 3 shows β estimates and 95% confidence inter-
vals from 2 models for the association between CMV IgG
antibody response tertile and TICS score in comparison
with persons who were seronegative. We saw similar results
with CMV tertiles as we did when we investigated sim-
ple dichotomous CMV seropositivity. In the age-adjusted
model, higher CMV tertiles were significantly associated
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Table 1. Baseline Sociodemographic Characteristics of Participants Eligible for Inclusion in a Study of Cross-
Sectional Associations of Cytomegalovirus Serostatus and Immunoglobulin G Antibody Response With Cognitive
Function, Health and Retirement Study, 2016

Cytomegalovirus Serostatus

Characteristic

Total (n = 5,617)

Positive (n = 4,113) Negative (n = 1,504)

No. % No. Row % No. Row %

Age, yearsa 75 (65–107) 75 (65–107) 73 (65–100)

Sex

Female 3,234 57.6 2,495 77.1 739 22.9

Male 2,383 42.4 1,618 67.9 765 32.1

Race/ethnicity

Non-Hispanic White 4,492 80.0 3,085 68.7 1,407 31.3

Non-Hispanic Black 823 14.7 752 91.4 71 8.6

Other 302 5.4 276 91.4 26 8.6

Education

Less than high
school

982 17.5 888 90.4 94 9.6

High school 1,938 34.5 1,498 77.3 440 22.7

Some college 1,344 23.9 927 66.0 417 31.0

College or above 1,353 24.1 800 59.1 553 40.9

Marital status

Married/partnered 3,511 63.1 2,463 70.2 1,048 29.8

Separated/divorced 645 11.6 498 77.2 147 22.8

Widowed 1,253 22.5 996 79.5 257 20.5

Never married 159 2.9 116 73.0 43 27.0

Missing data 49 0.9 40 81.6 9 18.4

Smoking status

Never smoker 2,478 44.8 1,870 75.5 608 24.5

Former smoker 2,591 46.9 1,821 70.3 770 29.7

Current smoker 459 8.3 356 77.6 103 22.4

Missing data 89 1.6 66 74.2 23 25.8

Comorbidity indexb 0.33 (0.0) 0.34 (0.0) 0.32 (0.0)

TICS scorec,d 21.9 (0.09) 21.2 (0.11) 23.2 (0.15)

Abbreviation: TICS, Telephone Interview for Cognitive Status.
a Values are expressed as mean (range).
b Values are expressed as mean (standard error).
c Values are expressed as median (standard error).
d Possible scores on the TICS range from 0 to 35.

with lower TICS scores in comparison with seronegative
persons, with the size of the association increasing as CMV
IgG response increased. Comparing persons in the highest
tertile of CMV IgG response (tertile 3) with seronegative
persons, in the fully adjusted model, the association was
attenuated but remained in the expected direction, with those
in highest tertile of IgG response having a TICS score 0.22
(95% CI: −0.55, 0.11) points lower than those who were
seronegative. Tertile 2 showed similar results, with a smaller

association for those in tertile 1 compared with seronegative
persons.

Effect-measure modification by educational attainment

Tables 4 and 5 show the association between CMV and
cognition across strata of educational attainment. We see that
the association between CMV seropositivity and TICS score
was larger, though less precise, among persons with lower
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Table 2. Linear Model Estimates of the Association Between Cytomegalovirus Seropositivity and Cognitive
Function (n = 5,617), Health and Retirement Study, 2016

Variable
Model 1 Model 2

Estimatea 95% CI Estimatea 95% CI

Intercept 23.82 23.53, 24.11 19.94 19.54, 20.34

CMV serostatus

Seropositive −1.76 −2.05, −1.47 −0.19 −0.45, 0.08

Seronegative 0.00 Referent 0.00 Referent

Age −0.17 −0.19, −0.14 −0.18 −0.20, −0.16

Age2 −0.01 −0.01, 0.00 −0.01 −0.01, 0.00

Sex

Male −0.61 −0.87, −0.36 −0.85 −1.08, −0.62

Female 0.00 Referent 0.00 Referent

Educational attainment

Less than high school 0.00 Referent

High school 3.12 2.77, 3.46

Some college 4.06 3.69, 4.43

College or above 5.83 5.45, 6.21

Race/ethnicity

Non-Hispanic White 0.00 Referent

Non-Hispanic Black −2.94 −3.28, −2.61

Hispanic −1.56 −1.97, −1.16

Other −2.16 −2.90, −1.43

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; TICS, Telephone Interview for Cognitive Status.
a Difference in TICS score.

educational attainment than among those with higher levels
of educational attainment. In fact, among participants with
less than a high school diploma, those who were seropos-
itive for CMV had a TICS score 0.56 (95% CI: −1.63,
0.52) points lower than that of those who were seronegative
(Table 4). When investigating the association between ter-
tiles of CMV IgG antibodies and TICS score, we observed
similar modification by educational attainment, such that
among persons with less than a high school diploma, those in
the first tertile of CMV IgG response had a TICS score 0.89
(95% CI: −2.07, 0.29) points lower than that of seronegative
persons (Table 5). Those in the second and third tertiles of
CMV IgG response had TICS scores 0.45 (95% CI: −1.53,
0.77) and 0.38 (95% CI: −1.53, 0.77) points lower, respec-
tively. These associations were larger than the associations
we saw in each other educational stratum. We also fitted
a linear model with interaction terms between educational
attainment (modeled as dummy variables) and CMV mea-
surement to assess the joint statistical significance of inter-
action. The terms for interaction with CMV seropositivity
and CMV tertile were not statistically significant (P = 0.73
and P = 0.45, respectively). The differences in TICS score
for both CMV seropositivity and high CMV antibody levels
were equivalent to approximately 3- and 5-year differences
in cognitive function among persons with less than a high

school diploma, respectively, based on age norms for the
TICS scale. Figures 1 and 2 show these age-normed associ-
ations with TICS score stratified by educational attainment.

Because comorbid conditions may be both confounders
(since they may weaken the immune system and exacerbate
immune-system difficulty in controlling the infection) and
mediators of the relationship between CMV antibody level
and cognition, we conducted a sensitivity analysis that added
the comorbidity index to each regression model. While the
index itself was statistically significantly associated with
TICS score, the addition of this index to the model did not
change any of the estimates meaningfully. These results are
presented in Web Tables 1–4.

DISCUSSION

We found that overall, CMV seropositivity and higher
IgG response were both associated with worse cognitive
function in a US population-based survey of adults over the
age of 65 years, though associations were not statistically
significant in the fully adjusted models. While the magnitude
of the association between CMV serostatus and cognition
among participants with less than a high school diploma
was slightly larger than that in other strata of educational
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Table 3. Linear Model Estimates of the Association Between Tertiles of Cytomegalovirus Immunoglobulin G
Response and Cognitive Function (n = 5,617), Health and Retirement Study, 2016

Variable
Model 1 Model 2

Estimatea 95% CI Estimatea 95% CI

Intercept 23.50 23.24, 23.76 19.95 19.55, 20.35

CMV IgG response

Tertile 3 −1.98 −1.73, −1.02 −0.22 −0.55, 0.11

Tertile 2 −1.71 −2.07, −1.36 −0.26 −0.58, 0.06

Tertile 1 −1.37 −2.34, −1.63 −0.09 −0.41, 0.23

Seronegative 0.00 Referent 0.00 Referent

Age −0.17 −0.19, −0.15 −0.18 −0.20, −0.16

Age2 −0.01 −0.01, 0.00 −0.01 −0.01, 0.00

Sex

Male −0.86 −1.09, −0.63

Female 0.00 Referent

Educational attainment

Less than high school 0.00 Referent

High school 3.11 2.77, 3.46

Some college 4.05 3.68, 4.42

College or above 5.82 5.44, 6.21

Race/ethnicity

Non-Hispanic White 0.00 Referent

Non-Hispanic Black −2.94 −3.28, −2.60

Hispanic −1.56 −1.96, −1.15

Other −2.17 −2.90, −1.43

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; IgG, immunoglobulin G; TICS, Telephone Inter-
view for Cognitive Status.

a Difference in TICS score.

attainment (0.56 TICS points, 95% CI: −1.63, 0.52), there
was no statistically significant interaction between CMV
serostatus and educational attainment. Similarly, persons
with less than a high school diploma who were in the first
tertile of CMV antibody response scored 0.89 (95% CI:
−2.07, 0.29) points lower on the TICS, whereas associations
were smaller across other levels of educational attainment.
The differences for both CMV seropositivity and high CMV
antibody levels in the lowest educational group were equiva-
lent to approximately 4- and 5-year differences in cognition,
respectively, based on age norms for the TICS scale.

These findings are consistent with the previous literature
finding a negative relationship between CMV and cogni-
tion, despite the lack of statistical significance. Previous
research has found CMV seropositivity and IgG levels to
be associated with global cognition, specific domains of
cognition, or ADRD (14–22, 50). However, several studies
have also found results that were in the expected direction
but not statistically significant (13, 24–29), and all of the
previous research has taken place in specialized populations.

Therefore, these results add to prior research by showing that
CMV may play a role in cognitive decline and ADRD at the
population level in a population-based sample, though that
role is likely to be one of many components contributing to
cognitive decline.

There are several mechanisms through which CMV may
be associated with ADRD and cognitive impairment. As
the human brain ages, the presence of misfolded proteins,
free radicals, and epigenetic changes increases (51, 52) and
microglia become senescent, leading to an elevation in the
production of proinflammatory cytokines, impaired phago-
cytosis, reduced motility, and a reversal of the demyelination
of axons, which is a common change in neurodegenerative
diseases (12, 52, 53). The presence of misfolded proteins
(such as amyloid β) elevates production of proinflammatory
cytokines in microglia (9, 51, 52, 54) but may addition-
ally inhibit the ability of microglia to secrete antiinflam-
matory cytokines (52, 55, 56). While advanced peripheral
immunosenescence could itself be integral in the pathogenes
sis of dementia, it would require accompanying perturbations
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Figure 1. Estimated additional years of cognitive aging associated
with cytomegalovirus (CMV) seropositivity as compared with being
CMV-seronegative, by educational attainment, Health and Retire-
ment Study, 2016. The figure shows modification of the associa-
tion between CMV serostatus and cognitive function by education;
persons with less than a high school diploma had a larger but less
precise association with CMV seropositivity than those with higher
educational attainment. Estimates were based on the study-sample–
specific average change in Telephone Interview for Cognitive Status
score per year of age. Data were obtained from the Health and
Retirement Study 2016 Core (Early, Version 1.0) Release and the
2016 Venous Blood Study (Early, Version 1.0) Release. Bars, 95%
confidence intervals.

in the blood-brain barrier to allow movement of immune
molecules into the central nervous system. Leakage in the
blood-brain barrier has been observed early on in cases of
Alzheimer disease (9, 57) and allows the passage of periph-
eral immune cells, microbes, and inflammatory mediators
into the central nervous system (12). While the blood-brain
barrier naturally deteriorates with age (9), environmental
stimuli, and possibly chronic infections, can also accelerate
this process. Furthermore, CMV has been found in the brain
tissue of patients with vascular dementia (17), indicating that
CMV itself may more directly impact neurodegeneration.

This research further added to that literature by inves-
tigating modification of the CMV-cognition relationship
by educational attainment. We found indications that the
association between CMV and cognition may be more pro-
nounced among persons with the lowest educational attain-
ment, supporting the cognitive reserve theory. However,
because CMV is acquired early in life, it may contribute
to cognitive impairment early on. In that case, educational
attainment may act as a mediator of the relationship between
CMV and cognition, and adjustment for education would
bias our results toward the null. Our findings are consistent
with those of earlier studies regarding the buffering of bio-
logical risk for poor cognition by educational attainment and
add to them by showing that the adverse effects of a biologi-
cal insult such as CMV, specifically, may also be ameliorated
by higher educational attainment. While further studies are
needed to fully elucidate the mechanisms and effects of the

Figure 2. Estimated additional years of cognitive aging associ-
ated with tertiles of cytomegalovirus (CMV) immunoglobulin G (IgG)
response as compared with being CMV-seronegative, by educational
attainment, Health and Retirement Study, 2016. The figure shows
potential modification of the association between CMV IgG tertiles
and cognitive function by education; persons with less than a high
school diploma had a somewhat larger but less precise association
with CMV IgG response than those with higher educational attain-
ment. Estimates were based on the study-sample–specific average
change in Telephone Interview for Cognitive Status score per year of
age. Data were obtained from the Health and Retirement Study 2016
Core (Early, Version 1.0) Release and the 2016 Venous Blood Study
(Early, Version 1.0) Release. Bars, 95% confidence intervals.

buffering impacts of education against the adverse effects of
CMV, particularly immune system control of CMV later in
life, these findings support the cognitive reserve theory that
educational returns in the form of cognitive reserve may pre-
serve brain function in the presence of biological assaults on
the central nervous system and cells in the brain (41). As we
discussed above, a growing body of research indicates that
educational attainment may buffer the detrimental impact
of biological risk factors, such as having 1 or 2 copies of
APOE-ε4, on cognitive impairment and dementia (58–60).
However, further studies are needed to fully elucidate the
timing, mechanisms, and effects of the buffering impacts
of education and the biological mechanisms by which this
protective mechanism works in human populations.

Our study had several strengths, foremost of which was
the availability of both biomarker and cognitive data in a
large, population-based cohort. We were able to include over
5,600 participants in our analysis and operationalize CMV
in 2 ways: serostatus and strength of IgG response. Further-
more, we were able to assess effect-measure modification of
this relationship by an indicator of cognitive reserve: educa-
tional attainment. However, our study did have limitations.
While the HRS is a large population-based study, the par-
ticipants who consented to participate in the Venous Blood
Study may have been healthier than the overall cohort, which
may have biased measures of association away from the null.
Additionally, educational attainment categorized by degree
will likely have variation within each category, as well as
between categories. Finally, this study was cross-sectional,
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and therefore we cannot infer causality. Future studies which
assess the effect of CMV on cognitive impairment over time
are needed.

Together with previous research carried out in a range of
populations, our results suggest that CMV infection may be
negatively associated with cognitive function. If CMV is a
causal factor in the neurodegenerative process, our results
could provide new microbial avenues such as prevention
of infection for the delay and prevention of ADRD and
could lead to a higher-quality end-of-life period for many
people. However, because CMV is often acquired early in
life and many people do not know that they are infected,
prevention of CMV infection has been a low priority in the
biomedical research community, and effective prevention
tools are probably far off in the future. The first step toward
prevention would likely be spreading awareness of CMV’s
potentially adverse health effects in healthy individuals. Fur-
thermore, understanding the role of educational attainment
as a potential effect-measure modifier of this relationship
provides further evidence that education may act as a buffer
against biological triggers of cognitive impairment. Under-
standing the mechanisms through which these social and
microbial factors may interact to affect cognitive decline
and onset of dementia will move the field forward and will
allow us to design targeted interventions to reduce disparities
in dementia and overall incidence of dementia in the US
population.
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