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Abstract

Objective: The purpose of this article is to examine how psychosocial distress and HSV-1 might interact to foster
early cognitive vulnerability in otherwise healthy middle-aged adults. Several environmental risk factors, including
mental stress and chronic viral infections, can increase cognitive vulnerability and lead to cognitive decline.
Considering the anticipated dramatic increase in the number of older adults with dementia in the next 40 years and
the current lack of dementia cures, it is imperative that we explore any modifiable risk factors for brain vulnerability
that may facilitate the development of interventions to prevent or delay the onset of severe cognitive impairment.

Methods: A total of 113 participants, 63 female and 50 male, were recruited for this study. 15 cc of blood was
obtained by venipuncture from consenting volunteers and screened with the ELISA tests to assess seropositivity for
HSV-1 IgG antibodies. Cognitive vulnerability was operationalized as lower cognitive function across any of the
following 3 domains: global, memory, executive function. The Beck Depression Inventory (BDI-II) was used to
assess depressive symptoms.

Results: After controlling for age, gender, and education, there was a significant main effect for HSV-1,
F(1,106)=7.908, p=0.01, but not for depressive symptoms, on global cognition. However, this main effect was
qualified by a statistically significant interaction between the factors, F(1,106)=5.046, p=0.03. No significant main
effects or interactions were found for memory or executive function.

Conclusion: The results of this study show that even subclinical depressive symptoms can exacerbate the
negative effect of HSV-1 infection on global cognitive function. We found that seropositive individuals reporting at
least some depressive symptoms exhibited worse performance on a test of intelligence than seropositive individuals
without depressive symptoms.

Keywords: Depression; Executive function; Memory; Cognitive
impairment; Dementia; Middle-age adult; Global cognitive function

Introduction
Intact cognitive function is critical for one’s physical and mental

health as well as overall quality of life in older age [1]. However, several
environmental risk factors, including mental stress and chronic viral
infections, can increase cognitive vulnerability and lead to cognitive
decline. Considering the anticipated dramatic increase in the number
of older adults with dementia in the next 40 years [2] and the current
lack of dementia cures, it is imperative that we explore any modifiable
risk factors for brain vulnerability that may facilitate the development
of interventions to prevent or delay the onset of severe cognitive
impairment.

Psychosocial distress, as measured by symptoms of depression, is
highly prevalent among middle-aged adults who are often over-
burdened with caretaking responsibilities andcareer demands [3].

Depression is known to contribute to cognitive vulnerability [4] across
many domains including memory, psychomotor skills, executive
function, and general intelligence [5]. Early studies posited that a lack
of effortful processing leads to decreased attention, which affects all
areas of cognition [6]. More recent theories have claimed that
depression-related cognitive decline is related to dysfunctional neural
networks, not the lack of motivation that is inherent to depression [7].
In fact, some believe that it lies on the same neuropathological
continuum as mild cognitive impairment (MCI) and Alzheimer’s
Disease (AD) [8].

Another factor that can contribute to cognitive vulnerability in
midlife is exposure to ubiquitous environmental pathogens such as
Herpes Simplex Virus type 1 (HSV-1), also known as the cold sores
virus. Approximately 60% of all adults carry the HSV-1 virus [9].
HSV-1 is usually acquired through contact with infected saliva and
other bodily fluids. The virus lies dormant in the trigeminal ganglion
and infected individuals normally experience no symptoms [10,11].
However, periods of latency can be interspersed with periods of
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reactivation, accompanied by fever, chills, and cold sores around the
mouth [12]. In a worst-case scenario, the virus can lead to a variety of
severe brain disorders such as encephalitis [13], Bell’s Palsy [14], and
corneal blindness [15]. In addition, the presence of HSV-1 has been
associated with the genesis of amyloid plaques, the hallmark symptom
of AD [16,17]. Thus, researchers have become interested in the
potential cognitive side-effects of HSV-1. While on its own, HSV-1
does not appear to have deleterious cognitive effects in persons without
encephalitis [18], the virus appears to exacerbate cognitive
vulnerabilities related to other chronic illnesses such as schizophrenia
and bipolar disorder [19-21].

Since HSV-1 reactivations are often triggered by stress [22], this
study examines how psychosocial distress and HSV-1 might interact to
foster early cognitive vulnerability in otherwise healthy middle-aged
adults.

Method
A total of 113 participants (63 female, 50 male) aged 40-60 (M=49.4,

SD=6.3) were recruited from the community using online ads,
newspaper ads and flyers. Participants were excluded if they had an
overt chronic disease or major psychiatric disorder as reported on a
medical history questionnaire. Other exclusion criteria included
participants with hypertension (systolic blood pressure>140 mmHg or
diastolic blood pressure>90 mmHg), diabetes (fasting blood
glucose>7.0 mmol/L) dyslipoproteinemia (cholesterol>6.2 mo/L,
triglycerides>4.5 mmol/L) or a baseline IQ<85. The self-reported
ethnic distribution of this sample was 61.1% Caucasian, 21.2% Latino,
6.2% African American, 3.5% Asian, and 8.0% other.

Participants provided approximately 15 cc of blood, obtained
through venipuncture of the antecubital vein. A portion of the blood
was centrifuged and the serum was frozen for later HSV-1 testing.
Enzyme-linked immunosorbent assay (ELISA) was used to assess
seropositivity for HSV-1 IgG antibodies using the commercially
available HSV-1 IgG ELISA kits (Calbiotech, Spring Valley, CA) per
manufacturer instructions. All samples were analyzed in duplicate and
the values averaged. Subjects were considered positive if optical density
exceeded 0.9. Participants also underwent a neuropsychological
assessment. Cognitive vulnerability was operationalized as lower
cognitive function across any of the following 3 domains: global,
memory, executive function. Global cognition was measured with the
full-scale intellectual quotient (FSIQ) on the Wechsler Abbreviated
Scale of Intelligence II (WASI-II). Memory was measured using a
composite z score consisting of the averaged, sample-based z scores on
the California Verbal Learning Test-II (CVLT-II) immediate recall,
delayed recall, and recognition. Executive function was measured
using a z composite score consisting of the averaged sample-based z
scores on the Wechsler Adult Intelligence Scale-III (WAIS-III) digit
span forward and backwards subtests, total completion time of trails A
and trails B, and the Controlled Oral Word Association Test
(COWAT). The scores for trails A and B were multiplied by -1 before
inclusion in the composite, so that higher scores reflect better
performance. The Beck Depression Inventory (BDI-II) was used to
assess depressive symptoms. As the sample was comprised of
community dwelling adults with relatively low levels of depressive
symptoms (mean BDI<16, mild depression), BDI scores were
dichotomized using a median split (m=7) to create two groups: some
depressive symptoms and no depressive symptoms. Two-way analyses
of variance (ANOVAs) were used to test the interaction between
HSV-1 status (HSV-1+ versus HSV-1-) and depressive symptoms

(some depressive symptoms versus no depressive symptoms) on
cognitive function (i.e. global cognition, memory, and executive
function) after controlling for gender, age, and educationAn alpha level
of 0.05 was used as the criterion for statistical significance. Statistical
analyses were conducted using SPSS 23.0 (IBM Corporation, Chicago,
IL).

Results
The demographic data for participants are included in Tables 1 and

2. These data show an ethnically diverse, middle-age sample that is
representative of the state of Texas where this study took place. 70
participants were seropositive for HSV-1 (61.9%), the remaining 43
(38.1%) were not. Average BDI-II score was 8.20 (SD=6.37). 62
participants reported BDI-II scores greater than the sample median of
7 (54.9%) and the remaining 51 reported scores below the mean
(45.1%).

After controlling for age, gender, and education, there was a
significant main effect for HSV-1, F(1,106)=7.908, p=0.01, but not for
depressive symptoms, on global cognition. However, this main effect
was qualified by a statistically significant interaction between the
factors, F(1,106)=5.046, p=0.03 (Table 3). The interaction plot (Figure
1) suggests that HSV-1 seropositivity has a detrimental effect on FSIQ
scores only for those who report at least some depressive symptoms.
After controlling for age, gender, education, and FSIQ, no significant
main effects or interactions were found for memory or executive
function (all p>.05) (Tables 4 and 5) (Figures 2 and 3).

Figure 1: Observed effects of depressive symptoms above sample
median and HSV-1 status on cogntion as measured by FSIQ.
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Figure 2: Observed effects of depressive symptoms above sample
median and HSV-1 status on memory.

Figure 3: Observed effects of depressive symptoms above sample
median and HSV-1 status on Executive Function.

 Mean SD Range

Age 49.36 6.33 40-60

Full-Scale Intellectual Quotient (FSIQ) 113.46 15.53 76-145

Years of Education 16.42 2.78 Oct-30

Beck Depression Inventory-II (BDI-II) 8.2 6.37 0-35

Table 1: Descriptive Statistics of Variables used in Analysis of Variance (ANOVA).

 N %

Ethnicity  

Caucasian 69 61.10%

Latino 24 21.20%

African American 7 6.20%

Asian 4 3.50%

Other 9 8.00%

HSV-1 Status  

HSV-1 Negative 43 38.10%

HSV-1 Positive 70 61.90%

Gender  

Male 50 44.20%

Female 63 55.80%

Depressive Symptoms (BDI-II)  

BDI-II<7 51 45.10%

BDI-II>7 62 54.90%

Table 2: Frequency Statistics of Variables used in Analysis of Variance
(ANOVA).

 df F MS p

Age 1 0.38 -74.1 0.54

Gender 1 0.26 -51.3 0.61

Education 1 8.72* -1696.4 0.00

HSV-1 1 7.91* -1537.9 0.01

BDI 1 0.57 -111.71 0.45

HSV-1*BDI 1 5.046** -981.45 0.03

Note: *p<0.01, **p<0.05

Table 3: Analysis of Variance (ANOVA) Between HSV-1 Status and
Depressive Symptoms on Global Cognition.

 df F MS p

Age 1 0.34 -2.3 0.56

Gender 1 0.26 -1.73 0.61

Education 1 0.45 -3.05 0.5

FSIQ 1 2.66 -17.84 0.1

HSV-1 1 0.59 -3.93 0.45

BDI 1 0.46 -3.08 0.5

HSV-1*BDI 1 0 -0.01 0.97
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Note: *p<0.01, **p<0.05

Table 4: Analysis of Variance (ANOVA) Between HSV-1 Status and
Depressive Symptoms on Memory.

 df F MS p

Age 1 5.23* -16.77 0.02

Gender 1 0.43 -1.37 0.52

Education 1 1.71 -5.47 0.2

FSIQ 1 0.32 -1.02 0.57

HSV-1 1 2 -6.4 0.16

BDI 1 0.01 -0.03 0.93

HSV-1*BDI 1 0 0 0.97

Note: *p<0.01, **p<0.05

Table 5: Analysis of Variance (ANOVA) Between HSV-1 Status and
Depressive Symptoms on Executive Function.

Discussion
The results of this study show that even subclinical depressive

symptoms can exacerbate the negative effect of HSV-1 infection on
global cognitive function. We found that seropositive individuals
reporting at least some depressive symptoms exhibited worse
performance on a test of intelligence than seropositive individuals
without depressive symptoms. However, we did not find any effects of
HSV-1 or depression on memory or executive functioning.

These results are consistent with the current body of literature
reporting that depression independently leads to cognitive decline 5, as
well as the additive effects of biological and psychological risk factors
on cognitive outcomes [23], specifically HSV-1 seropositivity and other
psychological disorders [24]. It is possible that we did not find effects
on memory and executive function beyond FSIQ because this study
population was younger, healthier, and more educated, all factors
which protect against mild cognitive impairment (MCI) [25].

One potential mechanism that could account for our results is the
inflammatory response of the immune system. Under certain
conditions, HSV-1 travels from the site of infection on the epithelium
to the nerve endings where retrograde axonal transport carries the
virus to the sensory ganglia [26]. In this way HSV-1 has direct access to
the central nervous system. Subclinical levels of HSV-1 have been
found in the central nervous system, but they are not enough to lead to
viral encephalitis [27]. Nevertheless, this chronic infection consisting
of repeating cycles of latency and reactivation is enough to activate an
inflammatory immune response [28] and cause neuronal degradation
[24]. This can lead to an overall decrease in cognitive reserve as
measured by FSIQ. The negative impact of depression on cognition has
been clearly demonstrated, however the relationship between
depression and cognitive decline is multi-faceted. While cognitive
decline associated with depression is thought to be caused by lack of
motivation or as a response to decreased functionality itself [29],
others posit that an underlying neuropathology might lead to
depression and cognitive impairment [8]. No matter the mechanism,

HSV-1 infection can result in lower cognitive reserve, which in turn
exacerbates the effects of depression on cognition.

While drawing conclusions about the results of this study, however,
we need to consider its limitations as well. As this was a cross-sectional
study, it is difficult to determine the directionality of the detected
effect. We cannot determine if lower FSIQ preceded HSV-1 infection,
or if it is the result of it. One possibility, as stated in our proposed
mechanism, is that HSV-1 creates cognitive vulnerability by decreasing
cognitive reserve. However, another possibility is that people with
lower FSIQ are prone to maladaptive behaviors that expose them to
HSV-1. We also cannot rule out the effects of an unknown genetic or
environmental factor. One potential environmental factor that was not
considered in this study is socio-economic status (SES). Increased rates
of depression [30], HSV-1 [31], and lower IQ [32] have been associated
with lower SES. Because SES is closely related to stress, viral infection,
and cognition, it will be important for future studies to determine how
SES impacts the relationship between these variables. Future research
should address these limitations through longitudinal studies
incorporating SES variables to assess true causality.

A methodological limitation of this study is that the assay used to
detect HSV seropositivity did not distinguish between HSV-1 and
HSV-2. However, due to the differing prevalence rates between HSV-1
(70%) and HSV2 (17%) 9 we can be reasonably certain that most of
our sample is positive for HSV-1. Another potential limitation of this
study was the method used to determine depressive symptoms. BDI
scores from this sample were dichotomized using a median split. Since
participants with severe depression were excluded from this study, our
sample included mostly participants reporting mild levels of depressive
symptoms (BDI<16), making it impossible for us to utilize the
recommended clinical cutoffs for depression [33]. Thus, we made a
decision to employ a median split, creating two relatively healthy
groups, one reporting some depressive symptoms, and another one
reporting very few. While dichotomizing continuous variables results
in some loss of information, dichotomization is favored in cases where
the variable in question is skewed, and studies have shown that the use
of a dichotomized variable generally leads to the same conclusion [34].
Further research is necessary to determine if the effects of clinical
depression and chronic viral infection have comparable effects on
cognition in other populations.

These findings are intriguing and raise a number of questions and
directions for further exploration. One question is whether these
effects are consistent over time and across different age groups. The
ability to identify risk factors at an earlier age means steps for earlier
intervention can be taken. If the combined effects are still significant in
older age, then treating depression and viral infection may lead to
more favorable cognitive outcomes, even in those who are already
cognitively impaired. The potential for other types of viral infections
and life stress to have the same effects on cognition are very likely,
however more research is necessary to determine if these effects carry
over to other mood disorders and viral infections. Further delineation
of the mechanism would help lead to earlier intervention and better
preventative care.

In conclusion, we found that, in middle-aged adults, the
combination of depressive symptoms with HSV-1+ status is related to
poorer global cognitive function. Because of the high prevalence of
HSV-1 and depression in the population [9,35], many otherwise
healthy individuals are at risk for cognitive decline. Currently there is
no cure for cognitive dysfunction. The prevalence of dementia in the
United States is estimated to be between 2.9 million [2] and 3.8 million
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[36]. The rate of dementia is projected to double every 20 years to 81.1
million by 2040 [2]. One of the most effective methods we have is to
intervene before any damage occurs to prevent cognitive dysfunction.
It is important to identify the risk factors preceding cognitive
impairment to know how to target them with interventions. By
targeting these risk factors early on, the chance of prolonging or
preventing the onset of dementia is greatly improved.
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