
CONCISE CO
MMUNICATION
Cognitive concerns are a risk factor for mortality in
people with HIV and coronavirus disease 2019
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Background: Data supporting dementia as a risk factor for coronavirus disease 2019
(COVID-19) mortality relied on ICD-10 codes, yet nearly 40% of individuals with
probable dementia lack a formal diagnosis. Dementia coding is not well established for
people with HIV (PWH), and its reliance may affect risk assessment.

Methods: This retrospective cohort analysis of PWH with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) PCR positivity includes comparisons to peoplewithout
HIV (PWoH), matched by age, sex, race, and zipcode. Primary exposures were dementia
diagnosis, by International Classification of Diseases (ICD)-10 codes, and cognitive con-
cerns, defined as possible cognitive impairment up to 12months before COVID-19
diagnosis after clinical reviewof notes from the electronic health record. Logistic regression
models assessed the effect of dementia and cognitive concerns on odds of death [odds ratio
(OR); 95% CI (95% confidence interval)]; models adjusted for VACS Index 2.0.

Results: Sixty-four PWH were identified out of 14 129 patients with SARS-CoV-2
infection and matched to 463 PWoH. Compared with PWoH, PWH had a higher
prevalence of dementia (15.6% vs. 6%, P¼0.01) and cognitive concerns (21.9% vs.
15.8%, P¼0.04). Death was more frequent in PWH (P<0.01). Adjusted for VACS
Index 2.0, dementia [2.4 (1.0–5.8), P¼0.05] and cognitive concerns [2.4 (1.1–5.3),
P¼0.03] were associated with increased odds of death. In PWH, the association
between cognitive concern and death trended towards statistical significance [3.92
(0.81–20.19), P¼0.09]; there was no association with dementia.

Conclusion: Cognitive status assessments are important for care in COVID-19, espe-
cially among PWH. Larger studies should validate findings and determine long-term
COVID-19 consequences in PWH with preexisting cognitive deficits.
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Introduction

Risk factors for adverse outcomes after severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection include impaired immunity, medical comorbid-
ities, and adverse social determinants of health [1–4],
which are disproportionately found in people with HIV
(PWH) compared with people without HIV (PWoH) [5].
Although several studies early in the pandemic suggested
no difference in outcomes following COVID-19 in PWH
compared with PWoH [6–8], recent epidemiological
studies suggested that PWH are at higher risk of death and
severe illness because of COVID-19 globally [9–12].

We and others showed that neurological comorbidities,
including dementia, predict adverse outcomes in COVID-
19 [1,13–15]. Although published studies relying on
electronic health record (EHR) extraction and International
Classification of Diseases (ICD) billing codes allow for
assessments of disease risk in large datasets, approximately
40% of individuals with probable dementia in the United
States lack a formal diagnosis [16]. Estimates of dementia
may be problematic inmarginalized subpopulations such as
PWH and overlooked in risk prediction. Although the
prevalence of HIV-associated dementia has substantially
declined, other forms of cognitive impairment, including
milder forms of HIV-associated neurocognitive disorders
and age-associated cognitive disorders, are common in
PWH [17–21]. We hypothesized that impaired cognition
could partially explain the higher risk for severe disease in
COVID-19, and assessing cognitive concerns as opposed
to ICD-based dementia diagnosis is a more useful means of
classification, especially among PWH.

This retrospective study analyzed the relationship between
preexisting impaired cognition (cognitive concerns or
dementia diagnosis) and death after SARS-CoV-2 infec-
tion in PWH and PWoH.We employed a natural language
processing (NLP) Annotator Tool (NAT) [22], which
allowed for efficient evaluation of clinical notes for
assessment of cognitive concerns, calculated the Veterans
Aging Cohort Study Index 2.0 (VACS Index 2.0) and
Veterans Health Administration COVID-19 (VACO)
Index for COVID-19 Mortality [23,24], and assessed
the relationship between odds of death after SARS-CoV-2
infection and preexisting dementia or cognitive concern in
the total cohort, and in analyses restricted to PWH.
Methods

Study design and definitions
The present study included 527 adult patients with
laboratory-confirmed SARS-CoV-2 infection by positive
yright © 2023 Wolters Kluwer Hea
reverse-transcriptase PCR (RT-PCR), and is a subset of
14 127 individuals evaluated in a respiratory outpatient
clinic, the emergency department, or during admission to
anyMassGeneralBrigham facility between 27March2020
and 13March 2021. The 527 patients included 64 patients
with known HIV based on ICD-10 code (B20) and
confirmed by chart review.We performed a 10 : 1match of
PWoH to PWH based on age, sex, race (black vs. other),
and zip code of residence to facilitate cognitive classifica-
tion on a smaller, unbiased subset; replacement was
allowed, such that each PWoH could be reused to match
any number of PWH, to improve balance (MatchIT v.
3.6.1,Vienna,Austria) [25]. The institutional reviewboard
at Mass General Brigham Healthcare approved this study
(Protocol #2019P003215) with a waiver of consent for
retrospective analyses. Data analysts collected data from
EHR using the Mass General Brigham Electronic Data
Warehouse, and healthcare providers collected additional
information, including HIV characteristics, not available
from automated extraction.

The VACS Index 2.0 and VACO index were calculated
based on the methods previously reported [23,24]. Lab
values collected 14 days before the first positive SARS-
CoV-2 result or after diagnosis were used. In PWoH
without an available CD4þ T-cell count, the count was
imputed as 500 cells/ml. If a lab value was indicated with a
greater-than or less-than sign, themaximum or minimum
possible value was assumed, respectively; ICD-10 codes
used are published [26].

To determine cognitive status in the year before SARS-
CoV-2 infection, we used theNAT software tool developed
by the MIND Data Science Lab as described [22]. After
reviewof EHRnotes, patients were annotated as either: ‘no
cognitive concerns’, ‘cognitive concern’, or ‘undeter-
mined’. Patients were annotated ‘cognitive concern’ if they
had documented concern or suspicion of cognitive decline,
cognitive symptoms, memory impairment, or were
prescribed medications primarily for cognitive symptoms,
including donepezil and memantine. An ‘undetermined’
cognitive status was applied if there was no note in the year
before diagnosis or insufficient evidence to assess cognitive
functioning; ‘undetermined’ cognitive statuswas included as
a separate category to minimize biases in analyses.

Statistical analysis
Descriptive statistics summarized patient data. Continu-
ous and categorical variables were presented as median
[interquartile range, (IQR)] and n (%), respectively.
Missing patient values were not imputed. Independent t
tests with Bonferroni correction were used to compare
VACS Index 2.0 and VACO Index scores between
lth, Inc. All rights reserved.
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outpatients and patients with hospitalization, ICU, and
death as outcomes. Logistic regressions were used to
compute the odds ratio of dementia or cognitive concern
with respect to death; exploratory mediation analyses
assessed the extent to which impaired cognition and HIV
contributed to death. Python3 and R were used for
analysis and data visualization [27].
Results

By design, there were no statistically significant differ-
ences in the baseline age, gender, or race between PWH
and PWoH (Supplemental Table 1, http://links.lww.
com/QAD/C883). The age distribution was similar
across patients with and without HIV (Supplemental
Figure 1, http://links.lww.com/QAD/C882). PWH
were more likely to have ICD-10 codes for dementia,
depression or anxiety, or seizure disorders than PWoH
before SARS-CoV-2 infection (Supplemental Table 1,
http://links.lww.com/QAD/C883). Laboratory studies
did not differ between groups, except for a lower
glomerular filtration rate in PWH.
Fig. 1. VACS Index 2.0 correlates with level of care and mortality
separated by HIV status (b). Boxplot and swarm plots of VACS I
(n¼220), ICU patients (n¼108), and patients who died (n¼ 40). I
tion, ICU, and death as outcomes had significantly higher VACS I
Boxplot and swarm plots of VACS 2.0 Index score, separated by
hospitalized patients (PWoH, n¼192; PWH, n¼28), ICU patients (
n¼29; PWH, n¼11). Independent t tests demonstrated that PWH a
VACS Index 2.0 scores (P<0.05) compared with PWoH (b). PWH

Copyright © 2023 Wolters Kluwer H
We investigated baseline HIV-specific characteristics
stratified by setting (outpatient or hospital) among PWH
at SARS-CoV-2 infection. Younger PWH were more
likely to be SARS-CoV-2 PCR-positive in the outpatient
setting than those admitted to the hospital (P¼ 0.02,
Supplemental Table 2, http://links.lww.com/QAD/
C883). Among those hospitalized, 12% had a viral load
greater than 200 copies/ml, and 24% had a CD4þ T-cell
count less than 200 cells/ml; reported ARTusage was not
statistically different in the outpatient setting compared
with hospitalized individuals. The proportions of patients
hospitalized or admitted to the ICU were not statistically
different between PWH and PWoH (Supplemental Table
3, http://links.lww.com/QAD/C883). Overall, in-hospi-
tal deaths were higher (P< 0.01), whereas the age at death
was lower in PWH (58� 14 years) compared with PWoH
(66� 9 years, P< 0.05).

The VACS Index 2.0 score at the time of SARS-CoV-2
positivity reliably predicted the patient’s level of care and
death (Fig. 1a), with increasing scores predictive of worse
outcomes. PWHhad higher average scores than PWoH at
all levels of care, with statistical significance at outpatient
evaluation and ICU admission (Fig. 1b). Older age and
from coronavirus disease 2019 both in the full cohort (a) and
ndex 2.0 score for outpatients (n¼ 82), hospitalized patients
ndependent t tests demonstrated all patients with hospitaliza-
ndex 2.0 scores (P<0.0001) compared with outpatients (a).
HIV status, for outpatients (PWoH, n¼ 170; PWH, n¼15),
PWoH, n¼ 72; PWH, n¼10), and patients who died (PWoH,
t the outpatient level of care and ICU had significantly higher
, people with HIV; PWOH, people without HIV.

ealth, Inc. All rights reserved.
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measures of reduced liver function (AST, ALT, and FIB4
score) were the primary contributors to increased odds of
death in all patients (Supplemental Figure 3, http://links.
lww.com/QAD/C882). The VACS Index 2.0 showed
similar trends to the VACO Index, a validated index to
predict 30-day mortality from COVID-19 (data not
shown). Given that the VACO Index relies on billing
codes and does not incorporate HIV-specific lab values,
the VACO Index 2.0 was used as a covariate in
subsequent regression models.

We investigated neurologic variables in PWH and PWoH
relative to odds of death following SARS-CoV-2
infection. Among PWoH and PWH without cognitive
concern or dementia, 3.9% (n¼ 15/385) and 10% (n¼ 5/
49) died following SARS-CoV-2 infection, respectively.
This contrasts with the 18% (n¼ 14/78) of PWoH and
40% (n¼ 6/15) of PWH who died when impaired
cognition was present. Both cerebrovascular disease and
dementia contributed significantly to odds of death after
COVID-19 (Supplemental Figure 2, http://links.lww.
com/QAD/C882). A preexisting cognitive concern in
Fig. 2. Cognitive concerns in people with HIV and people witho
disease 2019. (a) Forest plot with odds ratio for multivariate logistic
concern to predict death following COVID-19 for all patients. Mode
and VACS with cognitive concern was 227.9 and 226.8, respect
regression model using VACS Index 2.0 score and dementia to pr
dementia was 226.4.

Copyright © 2023 Wolters Kluwer Hea
PWH and PWoH also demonstrated increased odds of
death after SARS-CoV-2 infection [odds ratio (OR)
4.96; P< 0.001]. In primary analyses assessing the
relationship between impaired cognition and death,
adjusted for VACS Index 2.0, there was a marked effect
size for dementia and cognitive concern among all people
with SARS-CoV-2 infection (Fig. 2). In an exploratory
mediation analysis, HIV did not significantly influence
the association between dementia, cognitive concerns,
and death (P¼ 0.076 and P¼ 0.59), respectively. Given
that the Centers for Disease Control lists cardiovascular
disease and diabetes as underlying conditions that increase
the risk of severe disease from SARS-CoV-2 infection,
we adjusted for cardiovascular disease and diabetes
diagnosis in models. Although effect size was attenuated
for dementia (OR 1.99; P¼ 0.14) and cognitive concerns
(OR 2.34; P¼ 0.04), the trend of increased odds of death
with preexisting impaired cognition remained. In
secondary analyses among the PWH subset, ICD-10-
coded dementia was not associated with adjusted odds of
death [OR 1.31; CI (0.21–6.73); P¼ 0.76], while
cognitive concern had a large effect size and a trend
ut HIV increase the odds ratios for death after coronavirus
regression model using VACS Index 2.0 score and cognitive

l fit as assessed by Akaike information criterion (AIC) for VACS
ively. (b) Forest plot with odds ratio for multivariate logistic
edict death for all patients. AIC for a model with VACS with

lth, Inc. All rights reserved.
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towards significance [OR 3.92; CI (0.81–20.19);
P¼ 0.09].
Discussion

This retrospective study details the clinical characteristics,
neurologic risk factors, and outcomes data in PWH and
age-matched, sex-matched, and zipcode-matched PWoH
following SARS-CoV-2 infection. PWH had a signifi-
cantly increased risk of death from COVID-19 compared
with PWoH, and on average, died at a younger age,
despite most being virally suppressed on ART. VACS
Index 2.0 reliably predicted the risk of hospitalization,
ICU admission, and death and may have utility in
predicting severe disease, particularly among PWH with
SARS-CoV-2 infection. Finally, preexisting dementia or
cognitive concerns were associated with higher odds of
death following COVID-19 in all patients. In contrast,
cognitive concern had a large effect size and trended to
higher odds of death in PWH, a factor not evident when
relying on ICD-10 coding of dementia alone, and a
distinction that may have implications for HIV care and
risk-assessment during SARS-CoV-2 infection.

Neurologic comorbidities can influence clinical out-
comes after COVID-19 [28–30], but the extent to which
preexisting neurological disorders contribute to poor
outcomes in PWH is relatively unknown. This is despite
contemporary data suggesting that PWH have a higher
prevalence of preexisting cognitive disorders compared
with PWoH [31]. Documentation of cognitive symptoms
before infection was associated with an approximately
three-fold increased odds of death after SARS-CoV-2
infection. Although the exact causal link to death is
unclear, we hypothesize that preexisting cognitive
impairment are associated with delirium or COVID-
19-associated encephalopathy, a condition that may
contribute to adverse outcomes after SARS-CoV-2
infection [32]. Emerging evidence also suggests a role
for myeloid cell dysregulation in dementia and COVID-
19 [33], which may provide a link between dementia and
increased risk of death following SARS-CoV-2 infection
[34,35]. Importantly, confounding factors, not easily
assessed in small cohorts, such as substance use,
polypharmacy, and mental health conditions in PWH
may significantly contribute to disease severity.

The present study has some limitations. First, its
retrospective nature and reliance upon EHR data limits a
comprehensive capture of full medical histories and
outcomes; thus, some misclassification of prior medical
diagnoses and incomplete capture of deaths is possible. To
minimize misclassification bias, our group validated data
relying on clinicians with domain expertise to review
cognitive concerns, andmanuallyextractedHIV-associated
variables.Complete evaluationswith cognitive testingwere
Copyright © 2023 Wolters Kluwer H
not performed; thus, assessment of preexisting cognitive
concerns was limited, and we relied upon providers
signaling concerns in clinical notes. Long-term follow-up
that includes cognitive assessments for PWH are critical to
understanding the contribution of cognitive function to
COVID-19 severity and longitudinal impact. In this study,
a smaller portion of PWoH had dementia compared with
the PWH group, and power to detect an association
between dementia and mortality was lower in PWoH; a
larger study of PWoH, likely in older age categories, is
required. We imputed CD4þ cell counts as 500 cells/ml
when data was unavailable; however, recent studies suggest
that CD4þ cell counts above 500 cells/ml may also
contribute to outcomes after SARS-CoV-2 infection
[36]. Although a minority of patients were vaccinated by
the conclusion of this study in March 2021 and may
influence outcomes, vaccination status was not consistently
reported in the EHR [37]. Finally, we used SARS-CoV-2
RT-PCR-positive results to indicate COVID-19; how-
ever, PCR results do not reflect symptomatic disease, and
this study cannot differentiate between symptomatic and
asymptomatic outpatients. Similarly, this study does not
include people who tested positive for SARS-CoV-2 by
home-based testing alone and may not generalize to
persons who did not access medical care.

In conclusion, this study demonstrates a significantly
increased death from COVID-19 among PWH, and that
accurate assessment of cognitive baseline is an important
considerationwhen risk-stratifying both PWHandPWoH
for death after SARS-CoV-2 infection. Additional studies
in larger cohorts are needed to validate findings and further
explore the contribution of baseline cognitive symptoms to
COVID-19 disease risk, and the influence of preexisting
cognitive concerns to the development of postacute
COVID-19 cognitive syndromes.
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