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Keywords:
Neurological soft signs (NSS)
HIV Associated neurocognitive disorder

Neurological soft signs (NSS) are frequently found in severe mental disorders, such as Alzheimer’s disease,
schizophrenia or HIV associated neurocognitive disorder (HAND) which includes asymptomatic neurocognitive
impairment (ANI), mild neurocognitive disorder (MND) and HIV-associated dementia. To characterize NSS in

SII\?ND) patients with HIV we examined them with respect to neuropsychological deficits typically found in the disorder.
Cognition 67 HIV + patients without a history of head trauma, opportunistic infections, severe psychiatric disorders or

acute confounding comorbidities of the Central nervous system (CNS) were recruited. NSS and neuropsycho-
logical deficits were examined on the Heidelberg scale and the Cambridge Neuropsychological Test Automated

Battery (CANTAB), respectively. Semantic and phonemic verbal fluency were additionally established.
According to NIMH and NINDS criteria, 18 patients were diagnosed with ANI and 21 with MND, 28 showed no
cognitive deficits. NSS total scores were significantly correlated with several cognitive domains and NSS sub-
scales. These correlations were confirmed when motor performance was entered as a covariate.
According to our findings, NSS in HIV positive patients are significantly correlated with deficits in a broad
range of neuropsychological domains. Similar findings were reported in schizophrenia, emphasizing the trans-
diagnostic character of NSS and supporting NSS examination in screening HIV patients for HAND.

1. Introduction

Neurological soft signs (NSS) or subtle motor and sensory deficits are
frequently found in a wide range of psychiatric conditions, in particular
schizophrenia, and organic brain disorders such as Alzheimer’s disease
(Schroder et al., 1991; Toro and Schroder, 2019). Hence, NSS can be
considered as a transdiagnostic phenomenon. As demonstrated in a
wealth of studies in patients with schizophrenia, NSS vary in the clinical
course with severity of the condition as demonstrated by decreasing
scores when psychopathological symptoms are in remission; for review
see: (Bachmann et al., 2014; Bachmann and Schroder, 2017). They are
significantly associated with a broad range of neuropsychological defi-
cits involving attention, psychomotor speed, autobiographical and
declarative memory, executive functioning, or theory of mind (Herold
et al., 2019). Along with this, changes in multiple cerebral sites

including the frontal, parietal and temporal cortices, the basal ganglia,
the thalamus and the cerebellum were identified as correlates of NSS
(Heuser et al., 2011).

HIV associated neurocognitive disorder (HAND) is a frequent con-
dition, present in approximately half of the persons living with HIV
(Heaton et al., 2010; Simioni et al., 2010). Since the introduction of
combined antiretroviral therapy (cART), the prevalence of HIV- asso-
ciated dementia (HAD) became rare, however milder forms of HAND,
became more frequent. Milder forms of HAND: asymptomatic neuro-
cognitive impairment (ANI) and mild neurocognitive disorder (MND)
primarily characterized by impaired episodic memory and executive
functions, also involves deficits in attention and visuo-constructive
abilities (Cysique et al., 2004; Smail and Brew, 2018). Our group
(Toro et al., 2018) recently showed increased NSS scores in patients with
HAND when compared with both, cognitively unimpaired persons living
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with HIV and healthy controls. However, NSS scores were even signifi-
cantly higher in the cognitively unimpaired persons living with HIV than
the healthy controls. These findings indicate that NSS may facilitate
early recognition and diagnosis of HAND, a crucial aspect in the
comprehensive evaluation of these patients.

In the present study, we sought to investigate the associations be-
tween NSS and cognitive deficits typically obtained in persons living
with HIV. As a transdiagnostic phenomenon, we expected NSS scores to
be significantly correlated with a wide range of cognitive deficits.

2. Methods
2.1. Subjects and clinical assessments

Sixty-seven persons living with HIV without a history of head
trauma, opportunistic infections, severe psychiatric disorders or acute
confounding comorbidities of the CNS were recruited. The groups were
classified as HIV cognitively healthy, ANI, and MND following NIMH
and NINDS criteria (Antinori et al., 2007). NSS and neuropsychological
deficits were examined with the Heidelberg scale (Schroder et al., 1991)
and the Cambridge Neuropsychological Test Automated Battery
(CANTAB) (Robbins et al., 1994), respectively. In addition, phonemic
and semantic verbal fluency were examined (Olabarrieta-Landa et al.,
2015). Further methodological details are given in (Toro et al., 2018).

2.2. NSS and neuropsychological testing

NSS were examined on the Heidelberg scale (Schroder et al., 1991),
which comprises 16 items on five factors (motor coordination, sensory
integration, complex motor tasks, right/left spatial orientation and hard
signs). Ratings are protocoled on a 0-3-point scale (no/slight/moder-
ate/marked abnormality). The psychometric properties of the Heidel-
berg scale — including those of the Spanish version used in the present
study - are well established (Bachmann et al., 2005; Schroder et al.,
1991; Valenzuela et al., 2014). For neuropsychological testing, the
Cambridge Neuropsychological Test Automated Battery (CANTAB)
(Robbins et al., 1994) was applied. The following outcome measures
were considered:

- Psychomotor speed and attention:

o Motor control (MOT), with MOT mean latency as the time taken to
touch the cross after it appeared (MOTL) and MOT mean error as
the accuracy of the subject’s pointing (MOTE).

o Reaction time (RTI), with RTI five choice movement time, as the
time taken to touch the stimulus after the press pad button has
been released (RTIM) and RTI five choice reaction time, as the
speed which the subject releases the press pad button in response
to a stimulus (RTIR).

- Episodic Memory:

o Paired Associates learning (PAL), with PAL total errors as the total
number of errors across all assessed problems and all stages (PALT)
and PAL total errors (6 shaped, adjusted) as the total number of
errors made at the 6-pattern stage (PAL6).

- Abstract thinking and planning:

o Stockings of Cambridge (SOC), with SOC problems solved in
minimum moves as the number of occasions upon which the
subject has successfully completed a test problem in the minimum
possible number of moves (SOCP).

- Executive Functions:

o Intra/extradimensional set shift (IED), with IED total errors as the
efficiency in attempting the test (IEDT) and IED stages completed
as the total number of stages the subject completed successfully
(IEDS).

- Spatial Working Memory (SWM):

o Spatial Working Memory (SWM), with SWM between errors as the

times the subject revisits a box in which a token has previously
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been found (SWMB) and SWM strategy as the times the subject
begins a new search with a different box for 6 and 8 box problems
(SWMS).

CANTAB was complemented with semantic and phonemic verbal
fluency (FAS) (Olabarrieta-Landa et al., 2015) and premorbid verbal IQ
assessed with the WAIS verbal scale (Schretlen et al., 2005). Z scores
corrected for educational level and age were calculated using the
CANTAB database. Further methodological details are given by Toro
and collaborators (Toro et al., 2018).

2.3. Statistical analyses

Groups were compared by calculating analyses of variance (ANOVA)
with Duncan post hoc tests or y>-tests when appropriate. To assess the
potential associations between NSS scores and the neuropsychological
deficits considered, Pearson correlation coefficients were calculated.
Significant correlations between NSS and neuropsychological domains
were entered in a multivariable regression analysis with age, educa-
tional level, actual CD4 count and total NSS as independent variable.

3. Results

According to NIMH and NINDS criteria, 18 persons living with HIV
were classified as ANI and 21 with MND, while 28 did not show
cognitive deficits (HIV- cognitively healthy). Table 1 shows de-
mographic and clinically relevant data. There were no significant dif-
ferences regarding age, years of education, NART and CD4 cell count
nadir. The proportion of subjects with undetectable viral load (defined
as <20 copies/mL) were higher in cognitive healthy and ANI in com-
parison to MND (p = 0.015).

Results for NSS and neuropsychological testing are summarized in
Table 2. When compared with the HIV- cognitively healthy group, those
with ANI and MND showed significant increased values on the NSS
subscale right/left spatial orientation (F = 5.3, p = 0.007). The highest
NSS total scores were obtained in the MND group followed by ANI and
the HIV- cognitively healthy (F = 2.7, p = 0.077; trend level only).

On the other hand, NSS total scores were significantly correlated
with MOT, PAL, SOC, SWM but not with IED, RTIR and semantic
fluency. Similar results were obtained for the NSS subscales motor

Table 1
Demographic and clinical variables of study participants.

Variable HIV-ANI HIV-MND HIV- ANOVA
cognitively or X2
healthy

N 18 21 28

Age 45.1 + 39.4 +£ 85 37.5+ 8.9 p =0.06

13.4

Gender (%males) 100 100 100

Educational level 151+20 153+3.0 16.0+2.7 p=0.46

NART 99.89 + 97.95 + 102.2 +12.7 p = 0.49

9.1 14

Lifetime depression n 10 (55.6) 14 (66.7) 17 (60.7) p=0.78
(%)

Lifetime substance 1(5.6) 3(14.2) 3(10.7) p =0.67
abuse n(%)

% on ART 89 95 93 p=0.75

Actual CD4 count 509 +240 377 176 436 £+ 209 p=0.15
(cels/mm3)

CD4 nadir(cels/mm3) 219 + 186 377 £ 176 213 + 143 p=0.25

Undetectable Actual 78 53 89 p=0.015
Viral load <20
copies/mL (%)

Viral load (copies/mL) 270682 + 157639 + 209447 + p=0.62
at time of diagnosis 288664 212841 411022

(i) ANI: Asymptomatic neurocognitive impairment, (ii) MND: Mild neuro-
cognitive disorder, (iii) VL: viral load, (iv) NART: National Adult Reading Test.
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Table 2
NSS and Neuropsychological Scores (means and standard deviations) with the results of a Duncan test.
HIV- Cognitively Healthy (a) ANI (b) MND (c) ANOVA Duncan P
F (2,64)

Motor Coordination 2.3 (1.94) 4.39 (5.19) 4.52 (4.38) 2.7 - 0.07
Spatial Orientation 0.61 (0.74) 1.22(1) 2.24 (2.84) 5.3 a<cb 0.01
Sensory Integration 2.11 (1.31) 2.56 (2.12) 2.38 (2.84) 0.4 - 0.6
Complex Motor Task 1.07 (0.98) 1.78 (2.24) 2.1 (2.02) 2.2 - 0.1
Hard Signs 2 (1.76) 1.78 (1.59) 2.1 (2.02) 0.2 - 0.9
Total NSS 8.04 (4.09) 11.72 (10.57) 13.33 (10.01) 2.7 c>b,a 0.05
MOTL 0.8 (0.36) 0.8 (0.47) 0.83 (0.31) 0.1 - 1.0
MOTE 0.36 (0 .07) 0.33 (0.1) 0.34 (0.07) 1.2 - 0.3
IEDT 0.04 (0.9) —0.47 (0.48) —0.52 (0.5) 4.9 a>b,c 0.05
IEDS 0.002 (0.89) —0.5 (0.71) —0.58 (0.65) 4.0 a>b,c 0.05
PALT 0.63 (0.28) —0.24 (1.13) —0.03 (1.05) 6.8 a>b 0.01

a>cb 0.05
PAL6 0.44 (0.27) —0.03 (0.76) —0.04 (0.8) 4.8 a>b,c 0.05
RTIM 0.46 (0.73) 0.65 (0.47) 0.82 (0.7) 1.7 - 0.2
RTIR 0.40 (0.93) 0.34 (1.04) —0.12 (1.10) 1.7 - 0.2
SOCP 0.08 (0.93) —1.18 (0.60) —0.9 (1.01) 13.4 a>cb 0.001
SWMB 0.57 (0.6) —0.29 (0.8) —0.45 (0.89) 13.1 a>b,c 0.001
SWMS 0.44 (0.91) —0.51 (0.83) —0.61 (1.05) 9.4 a>c 0.001

a>b 0.01
Semantic Fluency 0.2 (0.95) —0.43 (0.88) —0.47 (0.99) 3.7 a>b,c 0.05
Phonemic Fluency (F) -0.18 (1.1) —0.16 (0.92) —0.88 (0.93) 3.5 b,a>c 0.05
Phonemic Fluency (A) —-0.18 (1.1) —0.03 (0.91) —0.52 (0.95) 1.6 - 0.2
Phonemic Fluency (S) 0.02 (0.87) —0.02 (0.81) —0.67 (0.9) 4.4 a,b>c 0.05

(i) NSS: Neurological Soft Signs (ii) MOTL: MOT mean latency (iii) MOTE mean error (iv)IEDT: IED total errors (v) IEDS: IED stages completed (vi) PALT: PAL total
errors (adjusted) (vii) PAL6: PAL total errors (6 shapes, adjusted) (viii) RTIM: RTI five choice movement time (ix) RTIR: RTI five-choice reaction time (x) SOCP: SOC

Problems solved in minimum moves (xi) SWMB: SWM between errors (xii) SWMS: SWM strategy (xiii) (F) Letter F (xiv) Letter A (xv) Letter S.

coordination. The NSS subscale right/left spatial orientation was
significantly correlated with PAL, RTIR, SOC, semantic fluency and
SWMB; the subscale integrative functions correlated with PAL and RTIR.
The NSS subscale complex motor task was significantly associated with
PAL, and RTIR. For the subscale hard signs, no significant correlations
were shown. The results were confirmed when motor control was
entered as a covariate. Neuropsychological test results and NSS scores
are detailed on supplementary data (Supplementary Table 1).

Neuropsychological domains which correlated significantly with
total NSS were selected to assess possible predictors of cognitive
impairment. A regression model was performed with age, total NSS,
actual CD4 count and educational level as independent variables. Our
model significantly predicted PALT (F (10.962) = 5.794, p < 0.001,
adjusted R? = 0.380), PAL6 (F (12.377) = 3.167, p < 0.001, adjusted R
= 0.412) and SOCP (F (4.031) = 3.691, p = 0.006, adjusted R?=0.157)
performance, but none of the other neuropsychological domains. Results
are detailed in Table 3.

4. Discussion

In the present study we sought to investigate NSS, i.e. minor motor
and sensory deficits which typically arise in the course of severe
neuropsychiatric disorders (Toro and Schroder, 2019) with respect to
neuropsychological deficits in persons living with HIV. The clinical
characteristics and the significantly increased NSS scores of our groups
were already discussed in a previous study (Toro et al., 2018) which

Table 3
Variables predicting neuropsychological impairment in persons living with HIV.
Total NSS

Variable B Sp t P
PALT —0.048 —0.443 —3.915 0.001
PAL6 —0.038 —0.488 —4.425 0.001
SOCP —0.037 -0.301 —2.277 0.026
SWMB —0.026 —0.251 —1.894 0.063
SWMS —0.013 —0.105 —0.766 0.447

(i) p = Beta weight unadjusted (ii) Sp = Standardized Beta weight. Age, Edu-
cation and Actual CD4 count were controlled in the model.

yielded significantly higher NSS scores even in the cognitively unim-
paired group than in otherwise healthy individuals. The present study
confirm and extend this finding by demonstrating significant correla-
tions between increased NSS scores in persons living with HIV with
cognitive impairment characteristic for this condition; namely impaired
episodic memory and executive dysfunction. Moreover, we demon-
strated that total NSS score is an important predictor of hippocampal
and prefrontal function, which has been described as impaired in people
living with HIV (Maki et al., 2009; Castelo et al., 2006).

Increased NSS scores in persons living with HIV when compared to
healthy controls were demonstrated in an earlier study (Toro et al.,
2018). Moreover, subtle motor abnormalities similar to NSS were
already found in the 1990 (Arendt et al., 1990) and conceptualized by
Robinson- Papp and colleagues (2008) in the human immunodeficiency
virus-dementia scale (HMDS) (Robinson-Papp et al., 2008). These
findings were recently confirmed and extended by Elicer et al. (2018),
who found the highest HMDS scores in persons living with HIV associ-
ated dementia followed by MND when compared with ANI. In addition
to motor coordination, including gait, which are also included in the
Heidelberg NSS scale, the HDMS comprises muscular strength, tone and
reflexes which are not considered as motor coordination. In contrast,
NSS also include sensory deficits which are not part of the HMDS (Elicer
et al., 2018).

NSS were found to be closely associated with cognitive deficits, in
particular episodic memory impairment and executive dysfunction
including attention. Interestingly, the respective correlations were
confirmed when motor control was partial out as a measure of motor
retardation and/or poor test understanding. Similarly, in her study cited
above, Elicer and collages reported a significant association between
HMDS scores and a global T score as a combined measure of global
cognitive impairment in 164 persons living with HIV (age: 52.1 + 8.8
years). On repeated examination four years later, they found motor
abnormalities to further deteriorate while cognitive impairment
remained rather stable. This dissociation was assigned to the accumu-
lation of cerebrovascular disease in the light of frequent risk factors such
as hypertension, diabetes mellitus or hyperlipidemia (Elicer et al.,
2018). These comorbidities were not found in our sample of young
patients.
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Along with the significant association of NSS and executive
dysfunction reported here, Kronemer et al. (2017) demonstrated
reduced working memory capacity and impaired fine motor ability to
co-occur as a function of cognitive-motor dual load in 25 patients with
HAND when compared to 22 healthy controls (Kronemer et al., 2017).
These results confirm and extend previous studies in schizophrenia (for
review (Herold et al., 2019): demonstrating significant associations
between NSS and a broad range of neuropsychological deficits which
included executive functions and even more complex domains such as
autobiographical memory or theory of mind - i.e. domains which hardly
involve motor aspects.

Since our study sample includes only young male adults, age has to
be considered as a potential confounding variable. Nonetheless, NSS
were shown to slightly increase with age in both MCI and AD (Urban-
owitsch et al., 2015) and patients with schizophrenia (Herold et al.
2018, 2019). Further, despite all participants were on ART, differences
in their specific medications should be considered as confounding var-
iable. None of the patients included received neuroleptic medication;
motor side effects of antiviral therapy are not established. In addition,
two important limitations in our study need to be noted: the
cross-sectional nature of the study and the lack of generalizability to
woman.

The present study supports our hypothesis that NSS in persons living
with HIV are associated with a broad range of cognitive deficits. From a
clinical standpoint this is of considerable importance since resources for
neuropsychological examinations are often scarce, as the capacity of
patients for such long procedures is often limited and thus facilitates the
possibility to use NSS as a screening instrument for such impairments.
That similar findings were found in patients with schizophrenia, un-
derlines the transdiagnostic character of NSS. Our findings facilitate the
use of NSS as a screening tool for cognitive deficits in persons living with
HIV.

Declaration of competing interest

The authors report no conflicts of interest. The authors alone are
responsible for the content and writing of the paper.

CRediT authorship contribution statement

Gonzalo Forno: Formal analysis, Investigation, Writing - original
draft, Writing - review & editing, Visualization. Fernando Henriquez:
Formal analysis, Investigation, Visualization. Maria Elena Ceballos:
Investigation, Resources. Matias Gonzalez: Investigation, Resources.
Johannes Schroder: Formal analysis, Writing - original draft, Writing -
review & editing, Supervision. Pablo Toro: Conceptualization, Meth-
odology, Validation, Resources, Formal analysis, Investigation, Writing -
original draft, Writing - review & editing, Supervision, Project admin-
istration, Funding acquisition.

Acknowledgments

The study was supported by Comisién Nacional de Investigacion
Cientifica y Tecnoldgica de Chile (CONICYT) through Fondo Nacional de
Desarrollo Cientifico y Tecnolégico (FONDECYT Project no 11121301).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.neuropsychologia.2020.107545.

References

Antinori, A., Arendt, G., Becker, J.T., Brew, B.J., Byrd, D.A., Cherner, M., Clifford, D.B.,
Cinque, P., Epstein, L.G., Goodkin, K., Gisslen, M., Grant, 1., Heaton, R.K., Joseph, J.,

Neuropsychologia 146 (2020) 107545

Marder, K., Marra, C.M., McArthur, J.C., Nunn, M., Price, R.W., Pulliam, L.,
Robertson, K.R., Sacktor, N., Valcour, V., Wojna, V.E., 2007. *Updated research
nosology for HIV-associated neurocognitive disorders. Neurology 69, 1789-1799.

Arendt, G., Hefter, H., Elsing, C., Strohmeyer, G., Freund, H.J., 1990. 'Motor dysfunction
in HIV-infected patients without clinically detectable centrai-nervous deficit.

J. Neurol. 237, 362-368.

Bachmann, S., Bottmer, C., Schroder, J., 2005. "Neurological soft signs in first-episode
schizophrenia: a follow-up study. Am. J. Psychiatr. 162, 2337-2343.

Bachmann, S., Degen, C., Geider, F.J., Schroder, J., 2014. "Neurological soft signs in the
clinical course of schizophrenia: results of a meta-analysis. Front. Psychiatr. 5, 185.

Bachmann, S., Schroder, J., 2017. "Neurological soft signs in schizophrenia: an update on
the state- versus trait-perspective. Front. Psychiatr. 8, 272.

Castelo, J.M., Sherman, S.J., Courtney, M.G., Melrose, R.J., Stern, C.E., 2006. Altered
hippocampal-prefrontal activation in HIV patients during episodic memory
encoding. Neurology 66, 1688-1695.

Cysique, Lucette A., Maruff, Paul, Brew, Bruce J., 2004. ’Prevalence and pattern of
neuropsychological impairment in human immunodeficiency virus-infected/
acquired immunodeficiency syndrome (HIV/AIDS) patients across pre- and post-
highly active antiretroviral therapy eras: a combined study of two cohorts.

J. Neurovirol. 10, 350-357.

Elicer, I., Byrd, D., Clark, U.S., Morgello, S., Robinson-Papp, J., 2018. "Motor function
declines over time in human immunodeficiency virus and is associated with
cerebrovascular disease, while HIV-associated neurocognitive disorder remains
stable. J. Neurovirol. 514-522.

Heaton, R.K., Clifford, D.B., Franklin Jr., D.R., Woods, S.P., Ake, C., Vaida, F., Ellis, R.J.,
Letendre, S.L., Marcotte, T.D., Atkinson, J.H., Rivera-Mindt, M., Vigil, O.R.,
Taylor, M.J., Collier, A.C., Marra, C.M., Gelman, B.B., McArthur, J.C., Morgello, S.,
Simpson, D.M., McCutchan, J.A., Abramson, 1., Gamst, A., Fennema-Notestine, C.,
Jernigan, T.L., Wong, J., Grant, 1., 2010. "HIV-associated neurocognitive disorders
persist in the era of potent antiretroviral therapy: CHARTER Study. Neurology 75,
2087-2096. Charter Group.

Herold, C.J., Lasser, M.M., Seidl, U.W., Hirjak, D., Thomann, P.A., Schroder, J., 2018.
’Neurological soft signs and psychopathology in chronic schizophrenia: a cross-
sectional study in three age groups. Front. Psychiatr. 9, 98.

Herold, Christina, Céline, Z., Duval, Marc M., Lasser, Schored, Johannes, 2019.
Neurological soft signs (NSS) and cognitive impairment in chronic schizophrenia.
Schizophr. Res.: Cognition 16, 17-24.

Heuser, M., Thomann, P.A., Essig, M., Bachmann, S., Schroder, J., 2011. "Neurological
signs and morphological cerebral changes in schizophrenia: an analysis of NSS
subscales in patients with first episode psychosis. Psychiatr. Res. 192, 69-76.

Kronemer, S.I., Mandel, J.A., Sacktor, N.C., Marvel, C.L., 2017. 'Impairments of motor
function while multitasking in HIV'. Front. Hum. Neurosci. 11, 212.

Maki, P.M., Cohen, M.H., Weber, K., Little, D.M., Fornelli, D., Rubin, L.H., Perschler, P.,
Gould, F., Martin, E., 2009. 'Impairments in memory and hippocampal function in
HIV-positive vs HIV-negative women: a preliminary study. Neurology 72,
1661-1668.

Olabarrieta-Landa, L., Rivera, D., Galarza-del-Angel, J., Garza, M.T., Saracho, C.P.,
Rodriguez, W., Chavez-Oliveros, M., Rabago, B., Leibach, G., Schebela, S.,
Martinez, C., Luna, M., Longoni, M., Ocampo-Barba, N., Rodriguez, G., Aliaga, A.,
Esenarro, L., Garcia de la Cadena, C., Perrin, P.B., Arango-Lasprilla, J.C., 2015.
’Verbal Fluency Tests: normative data for the Latin American Spanish speaking adult
population. NeuroRehabilitation 37, 515-561.

Robbins, T.W., James, M., Owen, A.M., Sahakian, B.J., McInnes, L., Rabbitt, P., 1994.
Cambridge Neuropsychological Test Automated Battery (CANTAB): a factor analytic
study of a large sample of normal elderly volunteers. Dementia 5, 266-281.

Robinson-Papp, J., Byrd, D., Mindt, M.R., Oden, N.L., Simpson, D.M., Morgello, S., Brain
Bank Manhattan, H.I.V., 2008. "Motor function and human immunodeficiency virus-
associated cognitive impairment in a highly active antiretroviral therapy-era cohort.
Arch. Neurol. 65, 1096-1101.

Schretlen, David, Buffington, Angela, Meyer, Stephen, Pearlson, Godfrey, 2005. 'The use
of word-reading to estimate “premorbid” ability in cognitive domains other than
intelligence. J. Int. Neuropsychol. Soc. 11, 784-787.

Schroder, J., Niethammer, R., Geider, F.J., Reitz, C., Binkert, M., Jauss, M., Sauer, H.,
1991. Neurological soft signs in schizophrenia. Schizophr. Res. 6, 25-30.

Simioni, S., Cavassini, M., Annoni, J.M., Rimbault Abraham, A., Bourquin, I., Schiffer, V.,
Calmy, A., Chave, J.P., Giacobini, E., Hirschel, B., Du Pasquier, R.A., 2010. Cognitive
dysfunction in HIV patients despite long-standing suppression of viremia. AIDS 24,
1243-1250.

Smail, Ruaridh Cameron, Brew, Bruce J., 2018. "HIV-associated neurocognitive disorder
(Chapter 7). Handb. Clin. Neurol. 152, 75-97.

Toro, P., Ceballos, M.E., Pesenti, J., Inostroza, M., Valenzuela, D., Henriquez, F.,
Forno, G., Herold, C., Schroder, J., Calderon, J., 2018. *Neurological soft signs as a
marker of cognitive impairment severity in people living with HIV’. Psychiatr. Res.
266, 138-142.

Toro, Pablo, Schroder, Johannes, 2019. "Neurological soft signs in neuropsychiatric
conditions. Front. Psychiatr. 9, 736 https://doi.org/10.3389/fpsyt.2018.00736.

Urbanowitsch, N., Degen, C., Toro, P., Schroder, J., 2015. "Neurological soft signs in
aging, mild cognitive impairment, and Alzheimer’s disease - the impact of cognitive
decline and cognitive reserve’. Front. Psychiatr. 6, 12.

Valenzuela, D., Inostroza, M., Schroder, J., Toro, P., 2014. "Neurological soft signs,
validation in a Chilean population. Rev. Chil. Neuro Psiquiatr. 52, 79.


https://doi.org/10.1016/j.neuropsychologia.2020.107545
https://doi.org/10.1016/j.neuropsychologia.2020.107545
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref1
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref1
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref1
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref1
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref1
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref2
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref2
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref2
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref3
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref3
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref4
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref4
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref5
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref5
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref6
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref6
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref6
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref7
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref7
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref7
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref7
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref7
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref8
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref8
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref8
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref8
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref9
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref9
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref9
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref9
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref9
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref9
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref9
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref10
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref10
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref10
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref11
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref11
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref11
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref12
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref12
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref12
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref13
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref13
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref14
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref14
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref14
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref14
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref15
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref15
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref15
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref15
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref15
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref15
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref16
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref16
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref16
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref17
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref17
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref17
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref17
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref18
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref18
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref18
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref19
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref19
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref20
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref20
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref20
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref20
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref21
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref21
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref22
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref22
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref22
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref22
https://doi.org/10.3389/fpsyt.2018.00736
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref24
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref24
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref24
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref25
http://refhub.elsevier.com/S0028-3932(20)30218-9/sref25

	Neurological soft signs (NSS) and cognitive deficits in HIV associated neurocognitive disorder
	1 Introduction
	2 Methods
	2.1 Subjects and clinical assessments
	2.2 NSS and neuropsychological testing
	2.3 Statistical analyses

	3 Results
	4 Discussion
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgments
	Appendix A Supplementary data
	References


