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Abstract. Background. Cytokines are key players in the immune system’s reaction to HIV and play a crucial role in HIV 

pathogenesis. Dysregulation of cytokines can contribute to the disease’s pathogenesis and associated complications, 

making a comprehensive understanding of their roles crucial for developing efficacious therapeutic interventions against 

HIV/AIDS. Therefore, the aim of this systematic review is to examine the role of cytokines in HIV associated neurological 

manifestations and related complications. Materials and methods. Databases  such as PubMed, Scopus, Web of Science, 

and Embase were explored for original English literature until September 10, 2022. Eligible articles for data extraction were 

screened and selected in two steps using some inclusion/ exclusion criteria. This study conforms to the PRISMA checklist 

and Newcastle-Ottawa Scale (NOS). Results. This review included a total of 15 studies. It was identified that cytokines were 

associated with sleep problems and numerous neurological manifestations. The most common neurological conditions 

include dementia, seizure, meningitis, cerebral toxoplasmosis, microcephalus, encephalitis, and gliosis. Commonly 

used cytokines detection methods included PCR, ELISA, Luminex xMAP multiplex platform, and PUREGene DNA 

Isolation System. Cytokine samples were mostly taken from blood and tissue. Conclusion. There is an interconnecting 

pathway of cytokines, neurological function (mainly dementia), and sleep habits in people living with HIV. Despite 

this, the mechanism of cytokines influencing sleep problems and neuropathological disorders remains unclear. Further 

research is warranted to determine the potential mechanisms and impact of cytokines associations in HIV progression.
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Резюме. Цитокины играют ключевую роль в реакции иммунной системы на ВИЧ и в патогенезе ВИЧ-

инфекции. Нарушение регуляции цитокинов сопровождает развитие заболевания и связанных с ним ослож-

нений, что делает решающим понимание их роли в патогенезе ВИЧ для разработки эффективных терапевти-

ческих вмешательств против ВИЧ/СПИДа. В этой связи целью настоящего систематического обзора является 

изучение роли цитокинов в развитии неврологических проявлений, связанных с ВИЧ-инфекцией, и ее ос-

ложнений. Материалы и методы. Для изучения оригинальной англоязычной литературы, опубликованной 

до 10 сентября 2022 г., были использованы базы данных PubMed, Scopus, Web of Science и Embase. Подходящие 

статьи для оценки данных были проверены и отобраны в два этапа с использованием некоторых критери-

ев включения/исключения, в соответствии с контрольным списком PRISMA и шкалой Ньюкасл–Оттава 

(NOS). Результаты. В обзор были включены 15 исследований. Было выявлено, что цитокины ассоциирова-

ны с нарушением сна и многочисленными неврологическими проявлениями. Наиболее распространенны-

ми неврологическими состоянияни являются деменция, судороги, менингит, церебральный токсоплазмоз, 

микроцефалия, энцефалит и глиоз. Обычно используемые методы обнаружения цитокинов включают ПЦР, 

ИФА, мультиплексную платформу Luminex xMAP и систему выделения ДНК PUREGene. Содержание цито-

кинов главным образом оценивалось в образцах крови и тканей. Заключение. Существует взаимосвязанная 

ассоциация между цитокинами, неврологической функцией (в основном деменции) и режимом сна у людей, 

живущих с ВИЧ. Несмотря на это, механизм влияния цитокинов на сон и развитие нейропатологических 

расстройств остается неясным. Необходимы дальнейшие исследования для определения потенциальных ме-

ханизмов и влияния ассоциаций цитокинов на прогрессирование ВИЧ-инфекции.

Ключевые слова: ВИЧ, СПИД, цитокины, инфекция, ВИЧ-инфекция, нейропатологическое расстройство.

Introduction

An estimated 38 million individuals worldwide 

are living with HIV, making it a major public health 

burden [24, 46]. The implementation of Highly Active 

Antiretroviral Therapy (HAART) has drastically im-

proved survival rates [26, 41], however, people living 

with HIV (PLHIV) face ongoing challenges includ-

ing immune system dysfunction, heightened vulner-

ability to opportunistic infections and malignancies, 

and complications involving both physical and men-

tal health [25, 39].

Understanding the complex interactions between 

HIV and the immune system is crucial for optimiz-

ing treatment strategies [42]. Cytokines, which are 

signaling molecules released by immune cells, play 

a central role in modulating immune responses 

and are key players in the pathogenesis of HIV in-

fection [30]. These cytokines mediate various im-

mune responses that are central to the host’s defense 

against HIV, including the activation and regulation 

of T cells. A disturbance in this regulation often leads 

to immune system dysfunction, driving HIV pro-

gression [18].

HIV infection gradually decreases the quan-

tity and ability of CD4+ T cells, which are essential 

for effectively responding to viral infections [27]. 

The dysregulation of cytokine production, including 

a reduction in Th1 cytokines (e.g., IFNγ and IL-2) 

and a rise in Th2 cytokines (e.g., IL-4 and IL-10), 

significantly contributes to the disease progression. 

Cytokine signaling aberrations contribute to chronic 

inflammation, tissue injury, and HIV-associated co-

morbidities [19]. Proinflammatory cytokines such as 

IL-6 and TNF further exacerbate immune dysfunc-

tion, contributing to chronic inflammation, tissue 

damage, and comorbid conditions like cardiovascu-

lar and neurocognitive disorders [51]. Moreover, even 

in the presence of ongoing antiretroviral therapy 

(ART), cytokine signaling abnormalities may sustain 

viral replication in lymphoid tissues, thereby preserv-

ing HIV reservoirs  .
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Given the crucial role of cytokines in modulating 

the immune response in PLHIV, recent research has 

focused on their potential to serve as therapeutic tar-

gets [41]. Cytokines such as IL-10 and TGF-β, which 

have anti-inflammatory properties, can mitigate 

HIV-related inflammation and viral replication [18]. 

However, excessive production of these cytokines can 

also inhibit the immune system’s ability to fight off 

the virus, thus allowing it to persist in the body de-

spite treatment [18].

In addition to their role in immune regulation, 

cytokines are also implicated in HIV-associated neu-

rological complications,  including mental health dis-

orders and neurocognitive decline [40]. HIV infection 

has been shown to affect cognitive function and men-

tal health, leading to complications such as demen-

tia, sleep disturbances, and other neurological deficits 

[48]. These issues arise in part from the interaction 

between proinflammatory cytokines and the central 

nervous system (CNS), as well as their contribution 

to chronic inflammation, which exacerbates neuro-

cognitive impairments  [40]. Despite recent attention 

to the role of cytokines on HIV, there is still a lack 

of a comprehensive study that thoroughly focuses 

on the interplay of cytokine systems and HIV-related 

neurological comorbidities in English or Russian. 

This systematic review, therefore, addresses this gap 

by exploring the linkage between cytokine dysregula-

tion and HIV-related neurological conditions.

This review aims to systematically assess the roles 

of various cytokines in the pathogenesis of HIV in-

fection, including their impact on immune function 

and mental health. By reviewing the available litera-

ture, this study aims to identify potential therapeutic 

targets for the management of HIV-related compli-

cations, with a focus on neurocognitive and mental 

health disorders.

Materials and methods

A thorough examination of the current literature 

regarding the roles of various cytokines in HIV infec-

tion was conducted. To ensure reliable and authentic 

results The Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) checklist 

was followed. Additionally, the Newcastle-Ottawa 

Scale (NOS) was used to assess risk of bias (Table 1).

Data sources. Four online databases were ex-

plored including  PubMed, Scopus, Web of Science, 

and Embase up until September 10, 2022 using key-

words and their combinations. The search strategy 

employed is as follows:

A. “Cytokines” OR “cytokine” OR 

“Cytokine” [Title/Abstract]

B.  “HIV” OR “Human immunodeficiency 

virus” [Title/Abstract]

C. [A] AND [B]

Study selection. Study screening and selection was 

completed through a two-step process. The initial 

step consisted of screening of articles based on title 

and abstract, which was complete by four research 

members. In the second step, five investigators re-

viewed and evaluated the full texts of the articles. 

 Inclusion criteria were original articles in English 

that investigated cytokines in PLHIV. Studies in-

volving non-human data (e.g., animals and/or in vitro 

investigations), unpublished, lacking accessible full 

texts, case series and reports, conference papers, and 

editorial letters were excluded.

Data extraction. Data extraction was conducted 

for studies that fulfilled the inclusion criteria. Five 

researchers extracted the essential data from the full 

texts. Other researchers checked duplications and oth-

er irrelevant data in the selected articles. Data extrac-

tion consisted of neurological manifestations associ-

ated with cytokines, detection methods and samples 

origin of cytokines, name of cytokine and cell source 

of cytokines production, and serum level of cytokines.

Quality assessment. The Newcastle–Ottawa Scale 

(NOS) was used to evaluate the selected studies’ risk 

of bias. This assessment tool consists of three aspects 

with the maximum possible scores of 4, 2, and 3 

for selection, comparability, and exposure/outcome, 

respectively. The maximum obtainable score for each 

study is 9.

Results

Study characteristics. The online database search 

retrieved 4441 articles. Following the screening of the 

obtained studies, 798 duplicates were eliminated. 

Subsequently, the titles and abstracts of the remained 

3643 articles were examined and 2853 records were 

Table 1. Risk of bias assessment for the included 

studies

R
e

fe
re

n
c

e

Selection
Out of 4

Comparability
Out of 2

Outcome
Out of 3

Total
Out of 9

[34] 3 1 2 6

[11] 4 1 2 7

[2] 3 2 3 8

[44] 3 2 3 8

[33] 3 0 3 6

[47] 3 2 2 7

[5] 3 2 3 8

[21] 3 2 2 7

[14] 2 2 3 7

[16] 3 2 3 8

[48] 4 1 3 8

[32] 4 0 2 6

[45] 3 2 2 7

[13] 4 1 3 8

[3] 4 1 3 8
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excluded. In the full-text evaluation of the 790 stud-

ies, 775 articles did not meet the inclusion criteria. 

Ultimately, 15 articles were included (Fig. 1).

Quality assessment. The details of the quality as-

sessment of the selected studies are shown in Table 1. 

All the included studies had scores ranging from 

6 to 9 in the NOS scale, demonstrating moderate 

to high quality of evidence.

The included studies were carried out in five 

countries, including the USA (n = 12), Germany (n = 

1), Switzerland (n = 1), and Italy (n = 1). The year 

of publication for the included studies ranged from 

1989 to 2018. The types of studies included were 

case-control (n = 5), cross-sectional (n = 5), cohort 

(n = 4), and interventional (n = 1).

This systematic review included studies regarding 

cytokine involvement in HIV-associated neurologi-

cal complications. The findings demonstrate the ma-

jor role of cytokines in neuroinflammation and HIV 

neuropathogenesis across varied populations and 

methodologies and serves cytokines as both diag-

nostic markers and therapeutic targets in addressing 

HIV-associated neurological complications.

Key neurological manifestations and cytokine as-

sociations. In the review of studies, it was found that 

cytokines are related to conditions such as sleep 

problems, dementia, seizures, meningitis, cerebral 

toxoplasmosis, microcephaly, encephalitis and glio-

sis, of which sleep problems are the most common. 

For example, Foster et al. demonstrated associations 

between higher levels of pro-inflammatory cytokines 

(e.g., IFNγ, IL-12, and TNFα) and altered sleep pat-

terns, such as increased sleep duration and efficiency, 

yet poorer neurocognitive test performance. Byun et 

al. and Lee et al. discussed SNPs in cytokine-relat-

ed genes e.g., IL1B, IL2, IL17A, IL1R2, and TNFα 

linked to sleep disturbances.

Neuroinflammatory cytokines, such as TNFα, 

iNOS, MIP-1α, and MIP-1β, were found to pre-

dominate in brain regions of individuals with HIV-

associated dementia, as reported by Nuovo et al. 

Elevated IL-6 and IL-16 levels, noted in Gongvatana 

et al., correlated with brain structural abnormalities. 

Other findings emphasized that cytokines (e.g., IL-8 

and MCP-1) remain elevated in monocyte cultures, 

even after cognitive improvement through cART.

Figure 1. PRISMA flow diagram of study retrieval process
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Recurrence of IL-1β, IL-6, and TNFα in blood, 

cerebrospinal fluid (CSF), and brain tissues linked 

these markers to disease severity. From other re-

sults obtained from the review of studies, basal gan-

glia movement control showed better performance 

in the presence of neuroprotective cytokines (CNTF 

and IL-4) and in the presence of inflammatory cy-

tokines Matrix metalloproteinase-2 (MMP-2) while 

ALCAM got worse. Slow psychomotor speed was 

also observed in the presence of MMP-2. Nolan et 

al. explored dopamine’s role in cytokine modulation, 

presenting pathways for chronic neuroinflammation 

management. Elevated CXCL10 signified HIV’s ef-

fects on neuronal functionality through inflamma-

tion exacerbation demonstrated by Williams et al.

Detection methods and sample sources. The most 

commonly used detection methods were PCR, 

ELISA, Luminex xMAP multiplex platforms, and 

the PUREGene DNA Isolation System. Cytokines 

were primarily detected in blood, cerebrospinal fluid 

(CSF), and brain tissues. In addition, specific cy-

tokines like CXCL10 were highly expressed in astro-

cytes in HIV dementia. Full details of the included 

studies are provided in Table 2.

Discussion

Since HIV-1 is a neurotropic virus, it can enter 

the CNS early in the infection process, resulting 

in neurologic disease as the only clinical manifes-

tation of infection. The major findings of this study 

were that expression of cytokines including IFNγ, 

IL-1, IL-2, IL-4, IL-6, IL-10, IL-12, TNFα, and 

MMP-2 was correlated with HIV-related neurologi-

cal issues, particularly dementia and sleep duration 

problems. Viral activation, inflammation, and tissue 

damage were found to be modulated by cytokine pro-

duction in HIV pathophysiology.

1. First of all, the most imperative factor, 

Interleukin (IL), plays a vital role in the sleep pattern 

of PLHIV. Like other articles, this review confirmed 

that higher levels of the pro-inflammatory cytokines 

(IFNγ, IL-12, and TNFα) were linked to changes 

in sleep duration with a trend of higher total sleep time 

at night, daytime sleep, daytime napping, and sleep 

efficacy. For instance, Foster and colleagues reported 

a substantial direct and indirect connection between 

the production of intracellular cytokine and sleep du-

ration and efficiency in HIV infected children [11]. 

Sleep disturbance was mostly related with short sleep 

duration and sleep onset insomnia; in agreement with 

studies, such as Gutierrez et al., where 73% of patients 

reported suffering from poor sleep quality and more 

than half experienced insomnia diagnosis criteria [17].

2. This study also shows that cytokines were re-

sponsible for poorer performance of HIV-infected 

individuals on neurodevelopment and neurocogni-

tive tests. HIV-infected cases had worse working 

memory-mental (fatigue test scores) and had more 
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self-reported problems with socio-emotional, be-

havioral, and executive function; which was men-

tioned in other studies like, Cohen’s comparison be-

tween HIV-infected children versus healthy controls 

matched with socioeconomic status [7].

3. In addition, these cytokines played a crucial 

role in a number of brain infections, such as SAH and 

Meningitis, HIV encephalitis, cryptococcal meningitis 

(CM), cerebral toxoplasmosis (CT), aseptic meningitis 

(AM), progressive diffuse leukoencephalopathy, and 

microcephalus (Gallo et al., 1989). In a study by Wolf 

et al., the importance of IL-12 activity and its interac-

tion with other cytokines, such as IL-4 and IL-10, has 

illuminated to use for AIDS vaccine adjuvants to make 

direct immune response [22]. Moreover, other findings 

also recommend that IL-10 participates in different 

immunomodulatory roles in CNS diseases [37].

4. Additionally, the presence of cytokines may in-

duce the sequence of events resulting in brain injury. 

For example, glial activation with elevated expres-

sion of IL-1α and β-APP may be important in the 

neuropathogenesis of HIV-related dementia. A study 

by Mustafa et al. describes pathogenetic hypotheses 

for dementia in HIV patients [28]. Another study 

in the US, also proclaimed that higher levels of some 

cytokines lead to indirect mechanisms of brain dys-

function, such as HIV dementia [15].

Various inflammatory cytokines can cause or 

worsen HIV-related dementia. Massive viral rep-

lication in infected cells and cytokine secretion are 

the main causes of this phenomenon [34]. Also, it is 

mentioned that HIV-1 in collaboration with the cy-

tokines IFNγ and TNFα can synergistically pro-

mote CXCL10 in human astrocytes aggravating 

AIDS dementia [49]. On the other hand, dopamine 

treatment in healthy and cART-treated donors pro-

motes the production of inflammatory cytokines 

such as CXCL10 [32] which may worsen the situa-

tion. TNF is also associated with a series of events 

leading to brain injury in meningitis [40], and higher 

volumes of the putamen, amygdala, pallidum, GM, 

and WM [16]. Glial activation with elevated expres-

sion of IL1-α and β-APP may contribute to AIDS 

dementia [45]. The presence of neuroprotective cy-

tokines IL-4 and CNTF helped basal ganglia move-

ment, whereas slow contraction speed was observed 

in the presence of inflammatory cytokines ALCAM 

and MMP-2 [33]. Higher levels of the pro-inflamma-

tory cytokines (IFNγ, IL-12, and TNFα) were asso-

ciated with changes in sleep duration which itself was 

linked to poorer performance on neurodevelopment 

and neurocognitive tests in HIV-infected individu-

als [11]. Twelve SNPs from IFNG, IL1B, IL2, IL6, 

IL17A, NFKB1, and NFKB2 genes are related to long 

daytime napping [5]. Also, a positive feedback loop 

of NFKB2 production with IL-1β, IL-6, and TNFα 

may cause extended cytokine production by periph-

eral blood monocytes, human fetal astrocytes, and 

THP-1 and U373 cells [29]. SNPs in IL1R2, TNF, 

and IL2 are related to poor sleep maintenance and 

shifted WASO. Different TNF SNPs have unprinci-

pled influences on WASO [21]. OPN is released by 

infiltrating macrophages and resident astrocytes and 

rises with HAND intensity. A high level of INFG 

is directly related to changes in sleep duration and 

poor performance in neurocognitive tests [11], lower 

marks in digit-symbol decoding tests [33], higher vol-

umes of the putamen, pallidum, amygdala, gray mat-

ter, and white matter [3].

In addition to the contribution of cytokines to the 

neurological presentations of PLHIV, cytokine al-

teration patterns have also been observed in neuro-

logical complications associated with other RNA 

viruses. Several studies have suggested that cytokine 

storm is involved in the neurologic presentations 

of COVID-19, as higher levels of IL-2, IL-6, IL-8, 

IL-10, and IFNγ induced protein-10 (IP-10) have been 

identified in the CSF or serums of patients with virus-

related encephalopathy [4, 10]. In addition, Espíndola 

and colleagues revealed that IL-2, IL-4, IL-6, IL-10, 

IL-12, chemokine (C-X-C motif) ligand 8 (CXCL8), 

and CXCL10 were elevated in COVID-19 patients 

wit h myelitis, encephalitis, meningoencephalitis, and 

acute disseminated encephalomyelitis (ADEM) [9] . 

Increased IL-6 levels have also been linked to dis-

turbances in memory, cognition, and spatial learning 

in individuals with chronic hepatitis C virus (HCV) 

[1]. Identifying the cytokine cascade involved in the 

pathophysiology of neurological manifestations of vi-

ral infections may provide new therapeutic targets not 

only for HIV but also for other viral infections and im-

prove patients’ outcomes.

The results of the present review should be tak-

en into account, with some limitations that must be 

considered. There was a modest number of included 

studies with relatively few participants and a lack 

of reporting of neurological changes in some studies.

Conclusio n

In summary, previous studies demonstrated that 

polymorphisms in IL1R2, IL2, and TNFα genes 

were associated with changes in WASO% and sleep 

duration and elevated plasma levels of IL-13 along 

with polymorphism in IL1B, IL6, IL13, NFKB1, 

and TNFα genes was detected in SOI. Thus, we sug-

gest that there is an interconnecting pathway of cy-

tokines, neurological function (mainly dementia), 

and sleep habits in PLHIV. Despite this, the mech-

anism of cytokines influencing sleep problems and 

neuropathological disorders remains unclear, and 

further research is needed into these potential mech-

anisms. Further research is also needed in this area 

to determine whether or how these associations can 

affect HIV progression. The prevention of pro-in-

flammatory cytokine production could be achieved 

through better adherence to antiretroviral therapy. 

Yet, anti-inflammatory medications may be thera-
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peutically effective for decreasing sleep onset latency 

or higher sleep duration among HIV-positive adults 

due to their association with cytokine polymor-

phisms and sleeping problems.
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