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Background. Herpesviruses have been linked to cognitive impairment in older individuals but little is known
about the association in the general US population.

Methods. We determined whether cytomegalovirus (CMV) and herpes simplex virus 1 (HSV-1) seropositivity
were associated with cognitive impairment among children (aged 6–16 years) and adults aged 20–59 or ≥60 years,
using data from the National Health and Nutrition Examination Survey (NHANES) III. Linear and logistic regres-
sion models were used to examine the associations between pathogen seropositivity and cognitive impairment.

Results. Among children, HSV-1 seropositivity was associated with lower reading and spatial reasoning test
scores (β, −0.69; 95% confidence interval [CI], −1.18 to −.21 and β, −0.82; 95% CI, −1.29 to −.36, respectively).
Among middle-aged adults, HSV-1 and CMV seropositivity were associated with impaired coding speed (odds ratio
[OR], 1.54; 95% CI, 1.13–2.11, and OR, 1.41; 95% CI, 1.09–1.82, respectively). CMV seropositivity was also associat-
ed with impaired learning and recall (OR, 1.43; 95% CI, 1.14–1.80). Among older adults, HSV-1 seropositivity was
associated with immediate memory impairment (OR, 3.26; 95% CI, 1.68–6.32).

Conclusions. Future studies examining the biological pathways by which herpesviruses influence cognitive
impairment across the life course are warranted.
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Cognitive impairment is a major contributor to disease
burden among the elderly in the United States, with
morbidity expected to increase as the US population
ages [1]. The etiology of cognitive decline remains
unclear, however; thus, there is a need to identify novel
factors that increase risk for cognitive impairment across
the life course. Persistent pathogens such as herpes

simplex virus (HSV)-1 and cytomegalovirus (CMV)
have been linked to several neurological disorders of
aging of which cognitive impairment is a major compo-
nent, including Alzheimer’s disease and dementia [2, 3].
These pathogens are capable of infecting the central
nervous system [4, 5], where they may exert neurode-
generative effects that negatively affect cognition [6], as
evidenced by the adverse neurological and cognitive
consequences of HSV encephalitis and congenital CMV
infection [7, 8]. Viral replication within the brain may
lead to cell death and morphological changes at sites of
infection [9]; atrophy and loss of gray matter have been
observed in the brains of both individuals with HSV
encephalitis [10] and HSV-1–seropositive individuals
with comorbid psychiatric disorders [11,12]. Such chan-
ges have been further linked to cognitive impairment
among these populations [10–12]. Even in the absence
of severe infection, however, herpesviruses undergo
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subclinical reactivation, triggering the release of proinflamma-
tory cytokines [13], which are also hypothesized to affect cogni-
tive impairment via neuroinflammatory pathways [14].

Although more than one-third of the US population is sero-
positive for HSV-1 and/or CMV by early childhood [15, 16], pre-
vious studies examining the association between herpesviruses
and cognitive impairment have been largely limited to middle-
aged and older populations with psychiatric disorders and/or
from specific geographic regions [11, 12, 17–29]. Thus, little is
known about the association between herpesviruses and cognitive
impairment in the general US population, or whether these path-
ogens affect cognition beginning early in life, setting the stage for
poor cognitive trajectories over the life course. Therefore, the
present study aims to examine the association between CMV and
HSV-1 seropositivity and cognitive impairment among children
(aged 6–16 years), middle-aged adults (aged 20–59 years), and
elderly adults (aged ≥60 years) in the US population.

MATERIALS ANDMETHODS

Ethics Statement
This study was deemed not regulated by the University of
Michigan Institutional Review Board.

Study Population
The National Health and Nutrition Examination Survey
(NHANES) III was a cross-sectional, multistage, stratified prob-
ability survey conducted from 1988 to 1994 on the health and
nutrition status of the US civilian, noninstitutionalized popula-
tion [30]. Participants provided informed consent at the time of
enrollment. The derivation of our study sample is shown in
Figure 1. Of the 33 994 individuals interviewed, 5085 of 5683
(89.5%) children 6–16 years were assessed with the Wechsler
Intelligence Scale for Children–Revised (WISC-R) and/or the
Wide Range Achievement Test–Revised (WRAT-R), and 5154
of 12 229 (42.1%) adults aged 20–59 years were assessed with
the Neurobehavioral Evaluation System during the mobile ex-
amination. In addition, 6249 of 6596 (94.7%) adults aged ≥60
years were assessed for ≥1 measure from the short portable
Mini-Mental State Examination (sp-MMSE) during the inter-
view or mobile/home examination. Serum samples used for
pathogen testing were collected at the mobile or home exami-
nation, with blinding as to whether cognitive testing was per-
formed, within 4 weeks of the interview. Of children assessed
for cognitive function, 4349 (85.5%) were tested for CMV and
1419 (27.9%) for HSV-1 seropositivity (children aged 12–16
years only). Among adults aged 20–59 years, 4949 (96.0%) of
those assessed for cognitive function were also tested for CMV,
and 3816 (74.0%) for HSV-1 seropositivity. Among adults aged
≥60 years assessed for cognitive function, 5124 (82.0%) were
also tested for CMV and 2394 (38.3%) for HSV-1 seropositivity
(individuals enrolled in phase 1 only).

Laboratory Analyses
Serum samples were tested for HSV-1 seropositivity by immu-
nodot assay using the glycoprotein gG-1 antigen [15]. CMV
immunoglobulin G (IgG) was measured by using an enzyme-
linked immunosorbent assay (Quest International) [16]. If the
value was near the cutoff, the test was confirmed with a second
enzyme-linked immunosorbent assay (bioMerieux). If the 2
assays disagreed, an immunofluorescence assay (Bion Interna-
tional) was performed [16]. Individuals with equivocal or inde-
terminate results were excluded from the analyses.

Cognitive Function Measures
Children aged 6–16 years were assessed with the WISC-R
reading and mathematics tests, which measure reading vocabu-
lary and ability to perform mathematical calculations, and the
WRAT-R block design and digit span tests, which measure per-
ceptional/visuospatial reasoning and working memory/atten-
tion [31, 32]. Raw scores from all examinations were scaled to
allow comparisons between the WISC-R and WRAT-R compo-
nents [33]. Continuous scores were utilized, with higher scores
indicating superior performance.

A random subset of all adults aged 20–59 years were assessed
with the Neurobehavioral Evaluation System [34], including
the Simple Reaction Time Test (SRTT) measuring motor re-
sponse speed, the Symbol-Digit Substitution Test (SDST) mea-
suring coding speed and attention, and Serial Digit Learning
Test (SDLT; trials to criterion and total errors) measuring at-
tention, learning, and recall [34]. For all measures, lower values
indicate superior performance. Continuous scores for the
SRTT, SDST, and SDLT were not normally distributed. Consis-
tent with other studies [35], individuals were dichotomized
into the upper quartile of reaction time or number of trials/
errors (ie, impaired) versus the 3 lowest quartiles of reaction
time or number of trials/errors (ie, not impaired).

Adults aged ≥60 years were assessed for immediate/delayed
memory impairment and impaired serial subtraction with tests
from the sp-MMSE [36]. Participants were asked to recall 3
words and 6 details from a short story at 2 time points and
were assigned a point for each word and detail successfully re-
called (range, 0–9). Individuals who scored <5 of 9 points at the
first time point and <4 of 9 at the second time point were cate-
gorized as having immediate and delayed memory impairment,
respectively, consistent with previous studies [37]. Participants
also participated in a serial subtraction test in which they were
asked to subtract $3 from $20 over 5 trials. As in other studies,
individuals making any error in subtraction were categorized as
impaired, and those making no errors were categorized as not
impaired [37].

Covariates
Covariates of interest included age, sex, race/ethnicity, country
of origin, census region, smoke exposure (children only) or

838 • JID 2014:209 (15 March) • Tarter et al



smoking status (adults only), poverty-income ratio [PIR] (chil-
dren only), and educational level (family reference person for
children, individual for adults). Age was calculated from date of
birth at the date of interview and was treated as continuous. Sex
was self-reported as male or female. Race/ethnicity was derived
from self-reported race and ethnicity, and individuals were cat-
egorized as non-Hispanic white, non-Hispanic black, Mexican
American, or other. Country of origin was derived from place
of birth, and individuals were categorized as born in the United
States, Mexico, or other. Census region of residence was catego-
rized as Northeast, Midwest, South, or West. Smoke exposure
among children was based on household smoke exposure, and
individuals were categorized as having a smoker present in the
household or no smoker present. Smoking status in adults was
based on self-reported smoking history, and individuals were
categorized as never, former, or current smokers. Self-reported
years of education of the family reference person among
children and for the individual among adults was catego-
rized as <high school, high school, or any college. The PIR
(ie, ratio of a family’s income to their appropriate thresh-
old income based on household size) level was categorized
into 1 of 3 categories: low (0.000–1.300), medium (1.301–
3.500), or high (≥3.501).

Statistical Analyses
Statistical analyses were performed using SAS version 9.2 (SAS
Institute) survey commands, with appropriate weights, strata,
and clusters to account for the complex study design of
NHANES III [38]. Bivariate associations between CMV and
HSV-1 seropositivity, cognitive measures, and hypothesized
confounders [15, 16, 39, 40] were estimated for each age group.
Covariates were included in adjusted models if they were hy-
pothesized a priori to be relevant confounders in the asso-
ciations between pathogens and cognitive impairment, were
associated with pathogen seropositivity and cognitive measures

in bivariate analyses (data not shown), and were not hypothe-
sized to be on the causal pathway.

Multiple linear regression models were used to examine the
crude and adjusted associations between pathogen seropositiv-
ity and WISC-R/WRAT-R scores among children, and logistic
regression models were used to examine the crude and adjusted
associations between pathogen seropositivity and cognitive im-
pairment among middle-aged and elderly adults. Fully adjusted
models controlled for age, sex, race/ethnicity, education level
(family or individual), PIR, country of origin, census region
and/or smoke exposure or status based on covariates being con-
sidered relevant confounders in each model. Adjusted models
included those with nonmissing values for all covariates includ-
ed in the model.

RESULTS

Descriptive statistics (weighted) for children aged 6–16 years
tested for cognitive measures and CMV (n = 4349) and aged
12–16 years tested for HSV-1 (n = 1419) serostatus are shown
in Supplementary Table 1. The mean age ± standard error [SE]
among children tested for cognitive function and CMV was
11.10 ± 0.10 years, 48.5% were female, 66.1% reported non-His-
panic white race/ethnicity, 32.0% were in the lowest PIR catego-
ry, 24.3% had a family educational level of less than high
school, and 38.4% were CMV seropositive. Among children
tested for cognitive function and HSV-1, the mean age ± SE
was 14.01 ± 0.06 years, 47.2% were female, 65.7% reported non-
Hispanic white race/ethnicity, 30.9% were in the lowest PIR cat-
egory, 24.8% had a family educational level of less than high
school, and 42.0% were HSV-1 seropositive. The mean reading,
mathematics, block design, and digit span scores ± SE were
8.56 ± 0.11, 8.18 ± 0.12, 9.50 ± 0.10, and 8.69 ± 0.08, respective-
ly, among those tested for CMV and 8.51 ± 0.19, 8.58 ± 0.17,
9.19 ± 0.14, and 8.37 ± 0.14, among those tested for HSV-1.

Figure 1. Derivation of study sample from the National Health and Nutrition Examination Survey (NHANES) III, 1988–1994. Abbreviations: CMV, cyto-
megalovirus; HSV-1, herpes simplex virus-1; NES, Neurobehavioral Evaluation System; sp-MMSE, short portable Mini-Mental State Examination WISC-R,
Wechsler Intelligence Scale for Children–Revised; WRAT-R, Wide Range Achievement Test–Revised.
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Among the 4949 adults aged 20–59 years tested for cognitive
function and CMV seropositivity, the mean age ± SE was
36.97 ± 0.23 years, 51.5% were female, 76.4% reported non-
Hispanic white race/ethnicity, 20.3% had less than a high
school education, and 56.3% were CMV seropositive (see Sup-
plementary Table 2). Among the 3816 adults aged 20–59 years
who were tested for cognitive function and HSV-1 seropositiv-
ity, the mean age was 35.89 ± 0.40 years, 50.4% were female,
75.9% reported non-Hispanic white race/ethnicity, 20.4% had
less than a high school education, and 66.0% were HSV-1 sero-
positive (see Supplementary Table 2).

Of the 5124 adults aged ≥60 years who were tested for cogni-
tive function and CMV seropositivity, the mean age ± SE was
70.12 ± 0.23 years, 56.0% were female, 84.6% reported non-
Hispanic white race/ethnicity, 40.9% had less than a high school
education, and 86.0% were CMV seropositive (see Supplemen-
tary Table 3). Among these individuals, 5.4% had immediate
memory impairment, 6.7% had delayed memory impairment,
and 22.4% had serial subtraction impairment. Among the 2394
adults aged ≥60 years who were tested for cognitive function
and HSV-1 seropositivity, the mean age ± SE was 69.58 ± 0.21
years, 56.0% were female, 86.8% reported non-Hispanic white
race/ethnicity, 42.1% had less than a high school education,
and 86.9% were seropositive for HSV-1. Among these individu-
als, 5.0% had immediate memory impairment, 6.4% had
delayed memory impairment, and 22.2% had serial subtraction
impairment (see Supplementary Table 3).

Results from models examining the association between
HSV-1 and CMV seropositivity and WISC-R/WRAT-R scores
among children are shown in Tables 1 and 2. HSV-1–seroposi-
tive children scored 0.69 (95% confidence interval [CI], −1.18
to −.21) points lower on the reading examination and 0.82
(95% CI, −1.29 to −.36) points lower on the block design ex-
amination, than HSV-1 seronegative children in models adjust-
ed for age, sex, race/ethnicity, country of origin, PIR, family
educational level, and smoke exposure. Tables 3 and 4 show the
relationship between CMV and HSV-1 seropositivity and im-
pairment on the SRTT, SDST, and SDLT (trials to criterion/
total errors), among adults aged 20–59 years. HSV-1 seropositiv-
ity was associated with impaired reaction time on the SDST
(odds ratio [OR], 1.54; 95% CI, 1.13–2.11), after adjustment for
age, sex, race/ethnicity, country of origin, educational level, and
smoking status. CMV seropositive adults had 1.41 (95% CI, 1.09–
1.82) times greater odds of impaired reaction time on the SDST
compared with seronegative adults after adjustment for age, sex,
race/ethnicity, country of origin, and educational level. CMV se-
ropositivity was also associated with total errors in the highest
quartile on the SDLT in fully adjusted models (OR, 1.43; 95% CI,
1.14–1.80). Among adults aged ≥60 years, HSV-1 seropositivity
was also associated with immediate memory impairment (OR,
3.26; 95% CI, 1.68–6.32), with adjustment for age, sex, race/
ethnicity, educational level, and country of origin (see Table 5).

DISCUSSION

To our knowledge, this is the first study to examine the asso-
ciation between HSV-1 and CMV seropositivity and multiple
cognitive measures among different age groups in a large, rep-
resentative US sample. We found that HSV-1 seropositivity was
associated with impaired reading vocabulary and visuospatial
processing among children, slower coding speed in middle-
aged adults, and immediate memory impairment among older
adults, suggesting that this pathogen may have life course
effects on cognition. In contrast, CMV seropositivity was only
associated with slower coding speed and impaired learning and
recall among middle-aged adults. Importantly, if herpesviruses
are causally associated with cognitive impairment, interven-
tions focused on prevention and/or treatment of these patho-
gens, especially early in life, could serve to improve trajectories
of cognitive function across the life course.

The adverse neurological and cognitive sequelae of congeni-
tal CMV infection and neonatal herpes infection of the central
nervous system are well established [7, 8], but the effects of her-
pesviruses on cognitive impairment in childhood, outside the
context of severe infection, are relatively unknown. We found
HSV-1 seropositivity was associated with impaired reading vo-
cabulary and visuospatial processing among children, which
may represent deficits in working memory [41]. Bilbo and
Frank [14] hypothesized that immune activation in early life
may influence cognitive development via neuroinflammatory
pathways not only in childhood but also across the life course,
as early exposure to infection may program individuals for an
exaggerated immune response, which continues to interfere
with neural processes related to cognition over time. These pro-
posed pathways are compatible with herpesvirus physiology
in healthy hosts because the virus particles persist in a latent
state and may reactivate over time, triggering production of
proinflammatory cytokines [13]. If immune activation is a key
predictor of cognitive function, individuals who acquire herpes-
viruses earlier in life and undergo reactivation more often
may be at greater risk for cognitive impairment across the life
course. Given the strong social patterning of age of acquisition,
seroprevalence of and immune response to herpesviruses be-
ginning in childhood [42, 43], these pathogens may contribute
to social disparities in cognition, educational attainment and
social mobility across the life course [44].

Among middle-aged individuals, both HSV-1 and CMV se-
ropositivity were associated with slower coding speed, indica-
tive of impairments in attention, which may affect cognitive
efficiency and reflect short-term and working memory deficits
[45, 46]. CMV seropositivity was also associated with more
total errors on the SDLT, indicative of impaired learning and
recall. We are aware of only 1 previous study examining the as-
sociation between herpesviruses and cognitive function among
middle-aged individuals without psychiatric disorders [19]. In
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contrast to our findings, Dickerson et al [19] found that seropo-
sitivity for HSV-1 was associated with delayed memory impair-
ment, but not immediate memory impairment or deficits
in visuospatial/constructional, language, or attention indices,
among 240 healthy individuals (mean age, 33.7 years). Numer-
ous other studies conducted among middle-aged adults with
psychiatric disorders [11, 12, 17, 18, 20–24], have identified an
association between HSV-1 seropositivity and deficits in a
variety of cognitive domains including immediate memory, at-
tention and visuospatial/constructional indices, processing and
psychomotor speed, vigilance, and verbal and working memory
[11, 12, 17, 18, 20–24]. CMV seropositivity, however, was only
found to be associated with impaired working memory and
psychomotor speed [20]. It has been hypothesized that HSV-1
infection may be particularly detrimental for cognition among
those with psychiatric disorders that may also cause damage to
the brain [11, 12], which may explain the associations previous-
ly observed in these populations. Future studies are needed, ex-
amining the association between herpesviruses and multiple

measures of cognitive impairment among those with and
without comorbid psychiatric disorders and incorporating neu-
roimaging to examine the role of morphological brain changes
in these relationships.

Among adults aged ≥60 years, HSV-1 seropositivity remained
significantly associated with immediate memory impairment after
confounder adjustment, but neither herpesvirus was associated
with delayed memory impairment or impaired serial subtraction
in fully adjusted models. Studies that have examined the associa-
tion between both HSV-1 and CMV seropositivity and cognitive
impairment among older adults have yielded mixed results [25–
29]. For example, Aiello et al [26] found that increased CMV IgG
antibody titer level was associated with cognitive decline, as mea-
sured by MMSE score, but not with impaired episodic memory
among elderly Latinos (mean age, 70,3 years). Neither CMV or
HSV-1 seropositivity, nor HSV-1 IgG antibody level were associ-
ated with cognitive measures in the study by Aiello et al [26].

In contrast, a cross-sectional study by Mathei et al [27] found
no association between CMV seropositivity or IgG antibody

Table 1. Associations Between CMV and HSV-1 Seropositivity and WISC-R Scores Among Children Aged 6–16 or 12–16 Years in the
NHANES III, 1988–1994

Seropositivity

Mathematics Scores Reading Scores

Model 1a Model 2b Model 1a Model 2b

β (95% CI) β (95% CI) β (95% CI) β (95% CI)

CMV −0.41 (−.77 to −.05)c 0.07 (−.28 to .41) −0.38 (−.73 to −.03)c 0.23 (−.10 to .56)

HSV-1 −1.76 (−2.34 to −1.18)c −0.59 (−1.28 to .10) −1.88 (−2.47 to −1.30)c −0.69 (−1.18 to −.21)c

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; HSV-1, herpes simplex virus 1; NHANES, National Health and Nutrition Examination Survey; WISC-R,
Wechsler Intelligence Scale for Children–Revised.
a Model 1 for CMV and mathematics scores (n = 4343), CMV and reading scores (n = 4326), HSV-1 and mathematics scores (n = 1418), and HSV-1 and reading
scores (n = 1409), unadjusted.
b Model 2 for CMV and mathematics scores (n = 3978), CMV and reading scores (n = 3961), HSV-1 and mathematics scores (n = 1287), and HSV-1 and reading
scores (n = 1278), adjusted for age, sex, race/ethnicity, country of origin, poverty-income ratio, family educational level, smoke exposure (HSV-1 models only), and
census region (CMV mathematics model only).
c P < .05.

Table 2. Associations Between CMV and HSV-1 Seropositivity and WRAT-R Scores Among Children Aged 6–16 or 12–16 Years in
NHANES III, 1988–1994

Seropositivity

Block Design Digit Span

Model 1a Model 2b Model 1a Model 2b

β (95% CI) β (95% CI) β (95% CI) β (95% CI)

CMV −0.49 (−.86 to −.12)c 0.03 (−.34 to .41) −0.16 (−.53 to .21) 0.19 (−.13 to .51)
HSV-1 −1.54 (−2.10 to −.99)c −0.82 (−1.29 to −.36)c −0.66 (−1.14 to −.19)c −0.04 (−.63 to .55)

Abbreviations: CMV, cytomegalovirus; HSV-1, herpes simplex virus-1; NHANES, National Health and Nutrition Examination Survey; WRAT-R, Wide Range
Achievement Test–Revised.
a Model 1 for CMV and block design (n = 4303), CMV and digit span (n = 4299), HSV-1 and block design (n = 1393), and HSV-1 and digit span (n = 1393), unadjusted.
b Model 2 for CMV and block design (n = 3938), CMV and digit span (n = 3934), HSV-1 and block design (n = 1262), and HSV-1 and digit span (n = 1262), adjusted for
age, sex, race/ethnicity, country of origin, poverty-income ratio, family educational level, smoke exposure (HSV-1 models only), and census region (CMV block
design model only).
c P < .05.
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titer level and MMSE score among older adults (mean age, 84.9
years) in Belgium. Gow et al [28], however, found that both
CMV seropositivity and IgG antibody titer were associated
with general cognitive ability, memory impairment, as mea-
sured by the Wechsler Memory Scale–III, processing speed,
and National Adult Reading Test scores among Scottish adults
(mean age, 70 years). Given that immediate memory is a com-
ponent of the MMSE and Wechsler Memory Scale–III, it is
possible the association between HSV-1 seropositivity and this
cognitive domain is driving the findings observed in previous
studies. Overall, because previous studies were conducted
among cohorts from specific geographic regions and cognitive
outcomes have been largely limited to aggregate measures
of cognition, studies among older adults that include multiple
measures of cognitive impairment are needed to clarify the
specific cognitive domains associated with herpesviruses in
older age.

The mechanisms by which herpesviruses may affect different
cognitive domains at different time points across the life course
in the general US population are largely unknown but may
reflect the differential areas of the brain that are typically

affected by each pathogen. For example, studies among schizo-
phrenic populations have shown, compared with those who are
HSV-1 seronegative, HSV-1–seropositive individuals have de-
creased gray matter volumes in the anterior and posterior cin-
gulate gyrus, which is involved in executive function, and
dorsolateral prefrontal cortex, which regulates working
memory [11, 12, 47]. Subclinical HSV-1 infection may also
affect memory through neuroanatomic brain changes similar to
those observed among patients recovering from HSV-1 enceph-
alitis and experiencing amnesia [10, 48]. CMV is also known to
affect the limbic regions of the brain [49], which regulate
emotion, learning, and attention [50]. Age at acquisition and
the degree to which individuals reactivate with herpesviruses
over time may also play an important role in determining
which cognitive domains are affected across the life course.
Taken together, future studies should examine the longitudinal
associations between herpesviruses, morphological brain
changes, and various domains of cognitive function while taking
into account age of acquisition and immune response to infec-
tion over time to clarify the role that herpesviruses may play in
the etiology of cognitive impairment across the life course.

Table 3. Associations Between CMV and HSV-1 Seropositivity and SRTT and SDST Impairment Among Adults Aged 20–59 Years in
NHANES III, 1988–1994

Seropositivity

SRTT SDST

Model 1a Model 2b Model 1a Model 2b

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

CMV 1.54 (1.20–1.97)c 1.06 (.81–1.37) 3.14 (2.52–3.91)c 1.41 (1.09–1.82)c

HSV-1 1.57 (1.24–1.98)c 1.21 (.97–1.53) 2.79 (2.18–3.57)c 1.54 (1.13–2.11)c

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; HSV-1, herpes simplex virus-1; NHANES, National Health and Nutrition Examination Survey; OR,
odds ratio; SDST, Symbol-Digit Substitution Test; SRTT, Simple Reaction Time Test.
a Model 1 for CMV and SRTT (n = 4929), CMV and SDST (n = 4869), HSV-1 and SRTT (n = 3792), and HSV-1 and SDST (n = 3748), unadjusted.
b Model 2 for CMV and SRTT (n = 4891), CMV and SDST (n = 4831), HSV-1 and SRTT (n = 3765), and HSV-1 and SDST (n = 3720), adjusted for age, sex, race/
ethnicity, country of origin, educational level, and smoking status (HSV-1 and SDST model only).
c P < .05.

Table 4. Associations Between CMV and HSV-1 Seropositivity and Impairment on the SDLT: Trials to Criterion and Total Errors, Among
Adults Aged 20–59 Years in NHANES III, 1988–1994

Seropositivity

SDLT: Trials to Criterion SDLT: Total Errors

Model 1a Model 2b Model 1a Model 2b

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

CMV 2.42 (2.02–2.89)c 1.20 (.98–1.48) 2.82 (2.33–3.41)c 1.43 (1.14–1.80)c

HSV-1 1.68 (1.30–2.17)c 0.98 (.74–1.31) 1.75 (1.38–2.22)c 1.03 (.80–1.33)

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; HSV-1, herpes simplex virus-1; NHANES, National Health and Nutrition Examination Survey; OR,
odds ratio; SDLT, Serial Digit Learning Test.
a Model 1 for CMV and SDLT trials to criterion and total errors (n = 4760) and HSV-1 and SDLT trials to criterion and total errors (n = 3660), unadjusted.
b Model 2 for CMV and SDLT trials to criterion and total errors (n = 4725) and HSV-1 and SDLT trials to criterion and total errors (n = 3636), adjusted for age, sex,
race/ethnicity, country of origin, educational level, and census region (CMV and SDLT trials to criterion model only).
c P < .05.
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Our study has a few limitations. Power to detect statistically
significant associations may have been limited for some
models, particularly among those aged ≥60 years, owing to
smaller sample sizes for those tested for HSV-1 seropositivity.
NHANES III is also a cross-sectional study; thus, the duration
of infection and directionality of the association between per-
sistent pathogens and cognitive impairment cannot be deter-
mined. However, because approximately one-third of the US
population acquires CMV and HSV-1 infection by 12 years of
age [15, 16], it is likely that acquisition of these pathogens pre-
ceded the development of cognitive impairment observed in
middle-aged and older adults. Furthermore, we observed a spe-
cific effect of CMV and HSV-1 seropositivity on different cog-
nitive measures across age groups, even after controlling for
numerous sociodemographic factors, making it unlikely that
the effects observed are due solely to residual confounding by
socioeconomic status.

To our knowledge, this is the first study to find an association
between HSV-1 and CMV seropositivity and cognitive impair-
ment among individuals of various ages in a large sample
representative of the US population. Overall, we found that
HSV-1 seropositivity was associated with impaired reading vo-
cabulary and visuospatial processing among children, HSV-1
and CMV seropositivity were associated with impaired atten-
tion in middle-aged adults, CMV seropositivity was also
associated with learning and recall in middle-aged adults, and
HSV-1 seropositivity was associated with immediate memory
impairment in older adults. Therefore, if herpesviruses are
causally associated with cognitive impairment beginning early
in life, interventions focused on prevention and/or treatment of
herpesvirus infection, such as vaccines or antiviral drugs, could
serve to improve trajectories of cognitive function over time in
the general US population. Future studies that examine the lon-
gitudinal association between herpesviruses and the develop-
ment of cognitive impairment over time and aim to identify the

biological mechanisms by which these pathogens may affect
different cognitive domains across the life course are warranted.
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