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Abstract 

Background: Methamphetamine (MA) use in people living with HIV (PLWH) has been linked to 

neurocognitive and behavioral dysregulation. We hypothesized that PLWH with active MA use 

(MAHIV) would show poorer cognitive performance, greater emotional and sleep burden, higher 

behavioral risk, and alterations in circulating biomarkers of immune activation and neuronal injury, 

relative to PLWH without MA use and HIV-negative controls. Methods: Cross-sectional analytic 

study of 121 adults: PLWH with methamphetamine use (MAHIV, n=40), PLWH without use (n=42), 

and HIV-negative controls (n=39). Outcomes were ART discontinuation, physical activity, 

neurocognition (MoCA), depression (BDI), anxiety (GAD-7), sleep (PSQI), and substance use 

(ASSIST). Circulating biomarkers measured by ELISA: sCD14, neuron-specific enolase (NSE), S100B, 

and neurofilament light chain (NfL). Results: MAHIV participants had more frequent ART 

discontinuation than PLWH and the lowest physical activity. Chemsex with polysubstance use, 

condomless sex, and multiple partners were most prevalent in MAHIV. This group showed the 

highest anxiety and depressive burdens, and the greatest sleep disturbances. Global cognition 

(MoCA) was lowest in MAHIV, with significant deficits in executive function, memory, attention, 

and language; 82.5% had at least mild cognitive impairment. sCD14 was significantly higher in 

MAHIV than in PLWH and controls, and NSE was elevated in both MAHIV and PLWH versus 

controls. sCD14 correlated inversely with MoCA and positively with GAD-7 and BDI-II. 

Conclusions: Among PLWH, MA use is associated with greater ART nonadherence, syndemic 

mental-health and sleep disturbances, broader neurocognitive deficits, and elevations in circulating 
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sCD14 and NSE. The sCD14–cognition and sCD14–mood relationships highlight chronic immune 

activation as a candidate pathway for neurocognitive and affective impairment and support sCD14 

and NSE as potential stratification and monitoring biomarkers in MA-using PLWH.  

Keywords: methamphetamine use; cognitive performance; HIV infection; biomarkers; sCD14; 

Neuron-specific enolase (NSE); chemsex; neuronal injury; neuroinflammation 

1. Introduction

Methamphetamine (MA) is a potent psychostimulant and neurotoxic drug of abuse with a

rapidly expanding global footprint. Current estimates indicate that more than 30 million individuals 

use amphetamine-type stimulants, including MA, and multiple regions have documented a marked 

resurgence in MA consumption over the past decade. The social consequences of MA use (job loss, 

family disruption, legal problems, financial instability) underscore the urgency of scalable diagnostic 

and therapeutic strategies. Importantly, MA use is disproportionately prevalent in certain 

populations, particularly among people living with HIV (PLWH), in whom it has been linked to 

worse clinical outcomes [1]. In some urban cohorts of men who have sex with men (MSM), the 

prevalence of MA use among PLWH is approximately twice that observed in HIV-negative 

counterparts [2] 

Behavioral and biomedical interactions between HIV and MA likely drive this overlap: MA use 

is associated with high-risk sexual behaviors that facilitate HIV transmission [3,4], and once infected, 

individuals who use MA often experience suboptimal HIV treatment outcomes [5]. PLWH who use 

stimulants exhibit lower adherence to antiretroviral therapy (ART) and achieve viral suppression 

more slowly, resulting in higher rates of detectable viremia [6]. A variety of co-morbid factors 

contribute to neurocognitive impairment in PLWH, including aging, cardiovascular disease, chronic 

inflammation, and substance use [7–10]. Within this context, MA use has emerged as an important 

and common co-morbidity that may exacerbate neurocognitive decline in PLWH [11]. 

Damage involves dopaminergic circuitry across the striatum, cortex, hippocampus, and basal 

ganglia, with downstream impairments in learning, memory, executive function, emotion regulation, 

and psychomotor performance [12]. Damage involves dopaminergic circuits across striatum, cortex, 

hippocampus, and basal ganglia, with downstream impairments in learning, memory, executive 

function, emotion regulation, and psychomotor performance [13]. In parallel, PLWH remains 

susceptible to HIV-associated neurocognitive disorder (HAND), which now predominantly presents 

in milder forms despite widespread ART use [14]. HIV gains access to the central nervous system 

(CNS) early in infection via a “Trojan horse” mechanism, whereby infected monocytes infiltrate the 

CNS. Once established, long-lived macrophages and activated microglia maintain persistent 

neuroinflammation [15,16]. Viral proteins (e.g., gp120, Tat) further amplify oxidative stress, 

glutamatergic excitotoxicity, blood–brain barrier (BBB) dysfunction, and pro-inflammatory cytokine 

cascades [17]. 

Co-occurring MA use and HIV infection may therefore produce synergistic neurotoxicity. MA 

upregulates CCR5 expression on myeloid cells, increases BBB permeability through tight-junction 

disruption and induction of matrix metalloproteinase-9 (MMP-9), enhances monocyte transmigration 

in response to CCL2, and elevates pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) [18]. 

Observational studies have reported higher rates of neuropsychological impairment—particularly in 

delayed recall and working memory—among methamphetamine-using PLWH, although findings 

across cognitive domains remain somewhat inconsistent [19]. Importantly, both HAND and MA-

related cognitive deficits can compromise prospective memory and substantially increase the risk of 

ART nonadherence, thereby jeopardizing viral suppression and clinical outcomes[20–23]. 

Given these risks and the limited efficacy of current pharmacotherapies under investigation for 

MA use disorder, there is a critical need for objective, non-invasive biomarkers to aid diagnosis, risk 

stratification, treatment monitoring, and relapse prevention, especially in settings where lumbar 
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puncture is impractical. A growing body of evidence supports blood-based markers of 

neuroinflammation and neuroglial injury—including sCD14 (monocyte activation), NSE and NfL 

(neuronal/axonal injury and BBB dysfunction), and S100B (astroglia injury) as promising biomarkers 

of neurocognitive impairment in methamphetamine users [24,25].  

In this context, the main objective of the present study was to characterize peripheral blood 

biomarkers of immune activation/inflammation and BBB/neuronal injury in individuals with and 

without HIV, stratified by MA use, and to examine their relationships with cognitive performance. 

We hypothesized that MA-using PLWH would exhibit a distinct biomarker signature consistent with 

heightened neuroinflammation and BBB/neuronal injury, and that these profiles would correlate with 

domain-specific cognitive deficits. By focusing on accessible blood-based readouts in a high-burden 

setting, this work aims to inform clinically actionable tools for neuroHIV care and the management 

of MA use disorder. 

2. Materials and Methods 

2.1. Study Design and Ethical Approval 

This cross-sectional study was conducted at the HIV Clinic of Hospital Civil de Guadalajara 

(Jalisco, Mexico). The protocol was approved by the Ethics Committee of Hospital Civil de 

Guadalajara (approval code CEI 208/23), and the study was performed in accordance with the 

principles of the World Medical Association Declaration of Helsinki. All participants provided 

written informed consent prior to screening and data collection. 

2.2. Study Population and Clinical Evaluation 

Participants were recruited between June 2023 and May 2025 and assigned to one of three study 

groups based on predefined inclusion criteria: (1) people living with HIV (PLWH) with active 

methamphetamine use, referred to as the MAVIH group; (2) PLWH with no history of 

methamphetamine use; and (3) HIV-negative controls with no history of methamphetamine use. 

Inclusion criteria were as follows: adults aged ≥ 18 years; PLWH were required to have been on 

antiretroviral therapy (ART) for ≥ 1 year with suppressed HIV-1 viral load (< 200 copies/mL). 

Participants in the MAVIH group had to be active methamphetamine users meeting the ICD-11 

criteria for a harmful pattern of stimulant use involving methamphetamines (code 6C46.1, version 

January 2023) for at least 12 months if use was episodic, or at least 1 month if use was continuous 

(daily or almost daily). Healthy control subjects had no lifetime history of illicit drug use. 

Exclusion criteria were dependence on alcohol or any other drug (per DSM-5-TR criteria); 

untreated chronic hepatitis C infection; neurosyphilis; a history of central nervous system (CNS) 

opportunistic infections, epilepsy, or stroke; advanced cognitive impairment precluding 

neuropsychological testing; inability to read or write; and a history of moderate or severe traumatic 

brain injury. 

Non-MA users (PLWH and HIV-negative controls) were matched to the MAVIH group by age 

and sex. All enrolled participants underwent a comprehensive medical history interview, including 

assessment of past and current use of tobacco, alcohol, and other substances, as well as comorbid 

medical conditions, and a complete physical examination. As part of the screening procedures, all 

participants received rapid blood tests for syphilis and hepatitis C to confirm the absence of these 

infections according to the exclusion criteria. Additionally, methamphetamine-using HIV-negative 

participants were given a rapid HIV test to verify their seronegative status. 

A urine toxicology screen was performed for each participant using a qualitative 

immunochromatographic multi-drug panel (BIO-DRUG 6×1, MexLab, cat. #2001107) to detect the 

presence of cocaine, opiates, cannabis (THC), benzodiazepines, amphetamines, and 

methamphetamines. The urine drug screen was conducted according to the manufacturer’s 

instructions, and results were interpreted after 20 minutes. 
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2.3. Neuropsychological Assessment 

All participants completed a battery of standardized neuropsychiatric and cognitive tests 

administered by trained personnel. Global cognition was evaluated with the Montreal Cognitive 

Assessment (MoCA). Substance use and addiction risk were screened using the Alcohol, Smoking, 

and Substance Involvement Screening Test (ASSIST). Affective and sleep-related symptoms were 

assessed with the Beck Depression Inventory-II (BDI-II), the Generalized Anxiety Disorder 7-item 

scale (GAD-7), and the Pittsburgh Sleep Quality Index (PSQI). These instruments provided 

quantitative measures of cognitive performance and neuropsychiatric symptoms for subsequent 

analyses. 

2.4. Laboratory and Biomarker Analyses 

All laboratory tests were performed on fasting blood samples. In total, 15 mL of peripheral blood 

was collected from each participant and distributed into three tubes for processing: 1. EDTA tube (6 

mL): Used for a complete blood count (CBC) and CD4^+ T-cell count, measured by flow cytometry 

(AQUIOS R flow cytometer, Beckman Coulter, Miami, FL, USA). Plasma from this EDTA tube was 

also isolated to quantify HIV-1 RNA viral load by real-time reverse-transcription PCR (Abbott Alinity 

m HIV-1 assay, Abbott Laboratories, Abbott Park, IL, USA). 2. Serum tube (6 mL, no anticoagulant): 

Used for routine biochemical analyses, including fasting glucose, insulin, glycated hemoglobin 

(HbA1c), renal function markers (creatinine, urea), lipid profile (total cholesterol, low-density 

lipoprotein [LDL], high-density lipoprotein [HDL], very-low-density lipoprotein [VLDL], 

triglycerides), liver function enzymes (aspartate aminotransferase [AST], alanine aminotransferase 

[ALT], gamma-glutamyl transferase [GGT], alkaline phosphatase), and total bilirubin. These 

parameters were measured using photometric and potentiometric methods on an automated 

chemistry analyzer (Alinity c, Abbott Laboratories, Abbott Park, IL, USA). 3. Additional tube (3 mL): 

The remaining blood was processed and stored as plasma/serum for research assays of 

neuroinflammatory and neuronal injury biomarkers (described below). 

Circulating biomarkers were quantified by enzyme-linked immunosorbent assay (ELISA) using 

commercial kits: Human soluble CD14 (sCD14) ELISA kit, R&D Systems (cat. #DC140); Human 

neuron-specific enolase (NSE) ELISA kit, Abclonal (cat. #RK01966-96T); Human S100 calcium-

binding protein B (S100B) ELISA kit, Invitrogen (cat. #EEL045); and Human neurofilament light chain 

(NEFL) ELISA kit, Elabscience (cat. #E-EL-H26203). All ELISA assays were performed strictly 

according to the manufacturers’ instructions. Absorbance for each ELISA plate was measured at the 

specified wavelength for the target analyte using a Synergy H1 microplate reader (BioTek 

Instruments, Winooski, VT, USA). 

2.5. Statistical Analysis 

The sample size was calculated a priori based on the findings of Zhu et al. [25], who reported a 

significant difference in NSE levels among methamphetamine users. A power analysis (α = 0.05, 80% 

power) indicated that approximately 39 participants per group would be required to detect a similar 

effect size. 

A normality test was initially applied to all variables to determine the suitability of parametric 

or non-parametric statistical procedures. Qualitative and quantitative data are presented as 

percentages, mean ± standard deviation, or median with interquartile ranges, according to their 

distribution. Student’s t-test or the Mann–Whitney U test was used to compare differences between 

two independent groups, whereas ANOVA or the Kruskal–Wallis test was employed to assess 

differences among more than two independent groups. Pearson or Spearman correlation coefficients, 

selected based on data normality, were calculated to evaluate associations between variables of 

interest. The chi-square test and two-tailed analysis of variance were applied to compare proportions 

and group means. 
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All statistical analyses were performed using RStudio version 2025.09.2+418 and GraphPad 

Prism 10.6.1 (799). Statistical significance was defined as a two-tailed p < 0.05. 

3. Results 

3.1. Participants 

We analyzed 121 participants: MAHIV group (PLWH with methamphetamine use; n = 40), 

PLWH without methamphetamine use (n = 42), and HIV-negative controls (n = 39). Each group 

included one woman to preserve sex matching. The MAHIV and PLWH groups had similar age 

distributions, whereas the Control group was significantly younger. The MAHIV group had a lower 

BMI compared with PLWH but also reported the lowest levels of physical activity (MAHIV vs. 

PLWH, p = 0.006; MAHIV vs. Control, p = 0.0002). Sociodemographic characteristics are summarized 

in Table 1.  

Table 1. Sociodemographic characteristics. 

 MAHIV PLWH Control p 

Females, n (%) 1 (2.5%) 1 (2.3%) 1 (2.5%) 
1a 

Males, n (%) 39 (97.5%) 41 (97.6%) 38 (97.4%) 

Age (years)media SD 38.809.1 38.768.4 30.746.0 <0.0001b 

BMI (kg/m2) median, IQR 23.10 (21.30,24.47) 27.0 (24.81,29.01) 
24.86 (23.84, 

27.02) 
<0.0001 b 

Identity 

Men, n (%) 37 (92.5%) 41 (97.6%) 38 (97.4%) 

0.5277 a Women, n (%) 3 (7.5%) 1 (2.3%) 1 (2.5%) 

Nonbinary, n (%) 0 (0%) 0 (0%) 0 (0%) 

Orientation 

Homosexual, n (%) 31 (77.5%) 37 (88.0%) 6 (15.3%) 
<0.0001 a 

Heterosexual, n (%) 9 (22.5%) 5 (12.0%) 33 (84.6%) 

Civil status 

Single, n (%) 34 (85%) 25 (59.5%) 27 (69.2%) 

0.0015 a 

Married, n (%) 0 (0%) 3 (7.1%) 8 (20.5%) 

Common-law marriage, n 

(%) 
4 (10%) 13 (31%) 4 (10.2%) 

Divorced, n (%) 1 (2.5%) 0 (0%) 0 (0%) 

Widower, n (%) 1 (2.5%) 1 (2.4%) 0 (0%) 

Study time (years) median, IQR 12 (9,14) 13 (12,16) 19 (17,22) <0.0001 b 

Children, n (%) 11 (27.5%) 5 (12%) 6 (15.3%) 0.1779 a 

Physical Activity, n (%) 10 (25%) 23 (54.7%) 27 (69.2%) 0.0002 a 

Comorbidities, n (%) 10 (25%) 11 (26%) 13 (33.3%) 0.6955 a 

MAHIV: Methamphetamines users that live with HIV, PLWH: people living with HIV, HIV: Human 

Immunodeficiency Virus, BMI: Body Mass Index. Qualitative data are presented as frequency and percentage; 

quantitative data with normal distribution are presented as mean ± standard deviation (SD); and quantitative 

data with non-normal distribution are presented as median and interquartile range (IQR). Analyses were 

conducted using aFisher and bANOVA test, p-value < 0.05 was considered statistically significant. 

3.2. Antiretroviral Therapy (ART) Discontinuation 

All PLWH, with and without methamphetamine use, were in virologic control at the time of 

evaluation. Participants had similar durations of HIV infection and ART exposure, as well as 

comparable CD4^+ T-cell counts. Most individuals were classified as immune responders (CD4^+ T-

cell count > 200 cells/μL), whereas 10% of the MAHIV group were non-immune responders (CD4^+ 
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T-cell count < 200 cells/μL). Importantly, the MAHIV group had a significantly higher rate of ART 

discontinuation (62.5%) than PLWH without methamphetamine use (38.0%; p = 0.04; Table 2). 

Nonadherence and treatment interruption are clinically relevant because they can facilitate the 

emergence of drug resistance and accelerate HIV disease progression. 

Table 2. Antiretroviral use and immune status. 

 MAHIV PLWH p 

Time of infection (years) 

median, IQR 
6 (3.25,10.0) 6.5 (4.75,12.25) 0.0907a 

Time with ART (years) 

median, IQR 
5 (3,10) 6 (4.75,11.25) 0.0908 a 

Time with actual ART 

(years) median, IQR 
4 (2,5) 4 (2,5) 0.6494 a 

Viral loads (cell/L) media 

SD 
576.7350.7 623.0283.1 0.5133b 

Discontinuation of 

treatment, n (%) 
25 (62.5%) 16 (38.0%) 0.0461c 

MAHIV: Methamphetamines users that live with HIV, PLWH: People living with HIV, HIV: Human 

Immunodeficiency Virus, ART: Antiretroviral Therapy. Qualitative data are presented as frequency and 

percentage; quantitative data with normal distribution are presented as mean ± standard deviation (SD); and 

quantitative data with non-normal distribution are presented as median and interquartile range (IQR), analysis 

was conducted using a: Mann Whitney Test, b: Welch´s t test, c: Fisher test, according to the distribution of the 

data. p-value < 0.05 was considered statistically significant. 

3.3. Substance Use 

In the MAHIV group, the main substances currently used were methamphetamine and crystal 

meth, and concurrent use of two or more drugs was frequent (Table 3). The primary route of 

methamphetamine administration was smoking (57.5%), followed by snorting (15.0%), injection 

(17.5%), and combined routes (10.0%). The median time since last substance use was 7 days (IQR: 

1.75–60), and 40.7% reported daily methamphetamine use, 28.5% weekly use, 12.0% monthly use, 

and 2.3% sporadic use within the preceding year, in accordance with the inclusion criteria. The mean 

age at onset of methamphetamine use was 29.2 ± 9.0 years. 

Regarding lifetime substance use history in the MAHIV group, the age of onset of drug use was 

29.3 ± 9.1 years. All participants (100%) reported having consumed alcohol at least once, 97.5% had 

used tobacco, 90.0% cannabis (11.0% ingested, 89.0% smoked), 77.5% cocaine, and 60.0% inhalants 

(58.3% poppers, 4.1% gasoline, 8.3% glue, and 25.0% other substances). In addition, 47.5% had used 

tranquilizers, 32.5% hallucinogens (30.8% LSD, 30.8% ketamine, 7.7% “acids”, 7.7% PCP, and 23.0% 

other substances), 5.0% opioids (heroin), and 11 participants reported having used drugs associated 

with ancestral rituals (15.0% peyote and 12.5% ayahuasca). 

Table 3. Current substance use reported by the participant. 

 MAHIV PLWH Control  p 

Methamphetamines 

(MA), n (%) 
40 (100%) 0 (0%) 0 (0%)  

- 

Alcohol, n (%) 0 (0%) 5 (11.9%) 23 (58.9%) 

Cannabis, n (%) 0 (0%) 1 (2.3%) 2 (5.1%) 

Cristal meth, n (%) 10 (25%) 1 (2.3%) 0 (0%) 

Poppers, n (%) 0 (0%) 4 (9.5%) 0 (0%) 

Combination of 2, n 

(%) 
11 (27.5%) 5 (11.9%) 5 (12.8%) 
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Combination of more 

than 2, n (%) 
16 (40.0%) 3 (7.14%) 0 (0%) 

Substance use according to the urinary drug screening 

Amphetamines, n (%) 18 (45%) 0 (0%) 0 (0%) <0.0001a 

Methamphetamines,  

n (%) 
19 (47.5%) 0 (0%) 0 (0%) <0.0001 a 

Cannabis, n (%) 8 (20%) 0 (0%) 0 (0%) 0.0001 a 

Cocaine, n (%) 2 (5.0%) 0 (0%) 0 (0%) 0.2095 a 

Benzodiazepines, n 

(%) 
1 (2.5%) 0 (0%) 0 (0%) 0.6529 a 

Opiates, n (%) 0 (0%) 0 (0%) 0 (0%) 1 a 

MAHIV: Methamphetamines users that live with HIV, PLWH: People living with HIV, HIV: Human 

Immunodeficiency Virus. Qualitative data are presented as frequency and percentage. The chi-square test was 

used to assess differences in categorical proportions, p-value < 0.05 was considered statistically significant. 

In the PLWH group without methamphetamine use, 83.3% used tobacco at least once in their 

lifetime, 100% had consumed alcohol, 69.0% had used marijuana (76.0% smoked, 24.0% ingested in 

food), 26.0% had tried cocaine, and 35.5% had used inhalation at least once (84.0% poppers, 4.0% 

gasoline, 12.0% other substances). Additionally, 12.0% reported tranquilizer use, 4.8% hallucinogen 

use (PCP), 4.8% opioid use (heroin), and 7.0% other substances (mainly ayahuasca). 

In the Control group, 100% had tried alcohol, 83.0% tobacco, 68.3% marijuana (19.5% ingested 

and 80.5% smoked), 12.2% cocaine, 7.3% inhalants (poppers), 12.2% tranquilizers, 12.2% 

hallucinogens (LSD), and 17.0% reported having used other unspecified substances. 

In both the PLWH and Control groups, two participants reported lifetime methamphetamine 

use; however, this occurred outside the time window specified in the inclusion criteria and was 

therefore not considered active use. This information was corroborated by negative urinary drug 

screening results for methamphetamines and related substances in those participants. 

3.4. Substance Use during Sexual Activity (Chemsex) and Risk Behaviors 

Methamphetamine use during sexual activity (chemsex) was common in the MAHIV group: 

27.0% reported methamphetamine use alone, 30.0% methamphetamine plus one additional drug, and 

43.0% methamphetamine plus two or more drugs (Table 4). Methamphetamine use and polydrug 

consumption in sexual contexts were associated with increased sexual desire, disinhibition, and 

prolonged sexual encounters—patterns typically linked to higher tolerance and dependence, 

complex withdrawal syndromes, and increased psychiatric morbidity. 

Compared with the other groups, MAHIV participants displayed a higher frequency of 

condomless sex, a greater number of sexual partners, more transactional sex (sex in exchange for 

drugs), and a higher incidence of sexually transmitted infections (Table 4). These behaviors frequently 

involved polydrug use and drug consumption during ART, thereby increasing the risk of treatment 

discontinuation (Table 2). In the MAHIV group, such high-risk behaviors could occur in isolation 

(3.0%), as multiple concurrent risk behaviors (3.0%), or in combination patterns (25.0%). 

Table 4. Sexual Activity. 

 MAHIV HIV Control p 

Age of sexual debut, n (%) 16 (13-18) 18 (15-20) 18 (17-19) 0.0049 b 

Number of sexual partners median, 

IQR 
19.5 (6.25-55.0) 7.5 (4.0-20.0) 5.0 (3.0-10.0) <0.0001 b 

Risk sexual practice, n (%) 34 (85%) 27 (64.2%) 23 (58.9%) 0.0241 a 

Monogamous relationship, n (%) 21 (52.5%) 28 (66.6%) 37 (94.8%) 

<0.0001 a Open relationship, n (%) 17 (42.5%) 12 (28.5%) 2 (5.12%) 

Polyamorous relationship, n (%) 2 (5.0%) 2 (4.7%) 0 (0%) 
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Relations with the same age, n 

(%) 
6 (15%) 20 (47%) 21 (53.8%) 

0.0003 a 
Relations with older people, n 

(%) 
26 (65%) 18 (42.8%) 9 (23.0%) 

Relation with younger people, n 

(%) 
8 (20%) 4 (9.5%) 9 (23.0%) 

Sex with protection, n (%) 17 (42.5%) 31 (73.8%) 21 (53.8%) 
0.0134 a 

Sex with no protection, n (%) 23 (57.5%) 11 (26.1%) 18 (46.1%) 

History of STD, n (%) 33 (82.5%) 26 (61.9%) 5 (12.8%) <0.0001 a 

Relations in drugs, n (%) 37 (92.5%) 19 (45.2%) 31 (79.4%) <0.0001 a 

Casual sexual encounters, n (%) 33 (82.5%) 25 (59.5%) 23 (58.9%) 0.0344 a 

Paid for sex, n (%) 7 (17.5%) 0 (0%) 2 (5.1%) 

<0.0001 a  Had paid for sex, n (%) 9 (22.5%) 6 (14.2%) 0 (0%) 

Both, n (%) 6 (15.0%) 1 (2.3%) 0 (0%) 

Threesome, n (%) 28 (70%) 21 (50%) 8 (20.5%) <0.0001 a 

Oral sex without protection, n 

(%) 
31 (77.5%) 28 (66.6%) 27 (69.2%) 

0.8194 a 

Oral sex with protection, n (%) 5 (12.5%) 9 (21.4%) 8 (20.5%) 

Fisting without protection, n (%) 5 (12.5%) 3 (7.14%) 2 (5.12%) 
0.4463 a 

Fisting with protection, n (%) 1 (2.5%) 0 (0%) 0 (0%) 

MAHIV: Methamphetamines users that live with HIV, PLWH: People living with HIV, HIV: Human 

Immunodeficiency virus. Qualitative data are presented as frequency and percentage; quantitative data are 

presented as median and interquartile range (IQR), analysis was conducted using b: Mann Whitney Test, 

qualitative data was analyzed with a: Fisher test. p-value < 0.05 was considered statistically significant. 

3.5. Psychological and Cognitive Characteristics of Methamphetamine Users: Depression, Anxiety, and Sleep 

Quality 

Global cognitive performance, assessed by the MoCA, was significantly lower in both MAHIV 

and PLWH groups compared with Controls (p < 0.001 and p = 0.0145, respectively), with the greatest 

deficit observed in MAHIV (median score 22, IQR: 18–25; Figure 1A). 
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Figure 1. Scores derived from the use of instruments designed to assess Psychological and Cognitive 

Characteristics. A. Score derived from the MoCA test; B. presents the scores obtained from the GAD-7 (anxiety); 

C. displays the results from the BDI-II (depression); and D. shows the results obtained from the PSQI (sleep 

quality). Values represented in the graphs show the median and interquartile ranges (IQR 1–3). Data were 

analyzed using the Kruskal–Wallis test, p-value < 0.05 was considered statistically significant. MAHIV: 

Methamphetamines users that live with HIV, PLWH: People that lives with HIV, HIV: Human 

Immunodeficiency virus, MOCA: Montreal Cognitive Assessment, GAD-7: Generalized anxiety Disorder BDI-

II: Beck´s depression inventory, PSQI:  Pittsburgh Sleep Quality Index 

In the MAHIV group, domain-level MoCA analysis showed significant impairments in 

executive/visuospatial functions, memory (delayed recall), attention, and language, indicating a 

detrimental impact of methamphetamine use on multiple clinically relevant cognitive domains. The 

most affected domain was memory/delayed recall (p < 0.0001), followed by executive/visuospatial 

functions (p = 0.01) and, to a lesser extent, language (p = 0.0508) (Table 5). Overall, 50.0% of MAHIV 

participants met criteria for mild cognitive impairment and 32.5% for cognitive impairment, whereas 

only 10.0% had no cognitive impairment (Table 5).   

Table 5. MoCA cognitive domains. 

MOCA Score MAHIV PLWH Control p 

Executive/ 

Visuospatial Functions Score (5) 

0 

1 

2 

1 (2.5%) 

1 (2.5%) 

4 (10.0%) 

0 (0%) 

1 (2.3%) 

0 (0%) 

0 (0%) 

0 (0%) 

0 (0%) 

0.0199 a 
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3 

4 

5 

8 (20.0%) 

14 (35.0%) 

12 (30.0%) 

12 (28.6%) 

17 (40.5%) 

12 (28.6%) 

3 (7.6%) 

25 (64.1%) 

11 (28.2%) 

Identification and Naming Score (3) 

0 

1 

2 

3 

1 (2.5%) 

0 (0%) 

3 (7.5%) 

36 (90.0%) 

1 (2.3%) 

0 (0%) 

2 (4.7%) 

39 (93.0%) 

0 (0%) 

0 (0%) 

0 (0%) 

39 (100%) 

0.3703 a 

Memory / Delayed Recall Score (5) 

0 

1 

2 

3 

4 

5 

15 (37.5%) 

6 (15.0%) 

6 (15.0%) 

5 (12.5%) 

8 (20.0%) 

0 (0%) 

5 (12%) 

5 (12%)  

11 (26%) 

14 (33.3%) 

5 (12%) 

2 (4.7%) 

0 (0%) 

8 (20.5%) 

12 (30.7%) 

6 (15.4%) 

6 (15.4%) 

7 (18%) 

<0.0001b 

Attention and Concentration Score (6) 

0 

1 

2 

3 

4 

5 

6 

0 (0%) 

2 (5.0%) 

4 (10.0%) 

7 (17.5%) 

9 (22.5%) 

11 (27.5%) 

7 (17.5%) 

0 (0%) 

0 (0%) 

5 (12%) 

7 (16.6%) 

9 (21.4%) 

11 (26.2%) 

10 (23.8%) 

0 (0%) 

0 (0%) 

0 (0%) 

2 (5.1%) 

5 (13.0%) 

14 (35.8%) 

18 (46.1%) 

0.3553 b 

Language Score (3) 

0 

1 

2 

3 

3 (7.5%) 

8 (20.0%) 

16 (40.0%) 

13 (32.5%) 

4 (9.5%) 

6 (14.3%) 

13 (31.0%) 

19 (45.2%) 

0 (0%) 

2 (5.1%) 

12 (30.8%) 

25 (64.1%) 

0.0508a 

Abstraction Score (2) 

0 

1 

2 

8 (20.0%) 

9 (22.5%) 

23 (57.5%) 

4 (9.5%) 

7 (16.7) 

31 (73.8%) 

1 (2.5%) 

8 (20.5%) 

30 (77.0%) 

0.1239 a 

Orientation Score (6) 

0-3 

4 

5 

6 

0 (0%) 

0 (0%) 

3 (7.5%) 

37 (92.5%) 

0 (0%) 

0 (0%) 

4 (9.5%) 

38 (90.5%) 

0 (0%) 

1 (2.6%) 

3 (7.7%) 

35 (89.7%) 

0.9194 a 

MoCA Interpretation 

MOCA Interpretation MAHIV PLWH Control p 

No cognitive impairment, n (%) 4 (10.0%) 7 (16.7%) 13 (33.3%) 0.0007a 

Mild cognitive impairment, n (%) 20 (50.0%) 25 (59.5%) 20 (51.3%)  

Cognitive impairment, n (%) 13 (32.5%) 7 (16.7%) 0 (0%)  

Normal, n (%) 3 (7.5%) 3 (7.1%) 6 (15.4%)  

MAHIV: Methamphetamines users that live with HIV, PLWH:  People living with HIV, HIV: Human 

Immunodeficiency virus, MOCA: Montreal Cognitive Assessment. Qualitative data was analyzed with a: Fisher 

test, b: Chi-squared test. p-value < 0.05 was considered statistically significant. 

Regarding anxiety, GAD-7 scores were significantly higher in the MAHIV group (median 7, IQR: 

4.25–13) than in the other two groups (overall p = 0.026). The largest difference was observed between 

MAHIV and Controls (median 4, IQR: 2–7; p = 0.0051), and the difference between MAHIV and 

PLWH (median 4, IQR: 1–8) was also significant (p = 0.0146). No significant difference in GAD-7 

scores was found between PLWH and Controls (Figure 1B). These results indicate a substantially 

higher anxiety burden among PLWH who use methamphetamine; notably, 42.5% of MAHIV 

participants met criteria for anxiety. 

With respect to depressive symptoms, MAHIV participants had significantly higher BDI-II 

scores (median 6, IQR: 3–13.5) than both Controls (median 2, IQR: 1–6; p = 0.0012) and PLWH (median 

2.5, IQR: 1–7; p = 0.0015), with no difference between Controls and PLWH (Figure 1C). Importantly, 

70.0% of MAHIV participants obtained BDI-II scores consistent with mild to moderate depression 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 November 2025 doi:10.20944/preprints202511.1461.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.1461.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 24 

 

(Table 6). These data were consistent with the proportion of participants who already had a formal 

psychiatric diagnosis, most commonly depression, anxiety, or both. 

Table 6. Beck Depression Inventory–II (BDI-II). 

BDI-II Interpretation MAHIV PLWH Control p 

No depressive disorder, n 

(%) 
12 (30.0%) 26 (61.9%) 24 (61.5%) 

0.0046a 
Minimal depression, n (%) 10 (25.0%) 11 (26.1%) 10 (25.6%) 

Low depression, n (%) 13 (32.5%) 5 (12.0%) 4 (10.3%) 

Moderate depression, n (%) 5 (12.5%) 0 (0%) 1 (2.6%) 

Severe depression, n (%) 0 (0%) 0 (0%) 0 (0%) 

MAHIV: Methamphetamines users that live with HIV, PLWH: People living with HIV , HIV: Human 

Immunodeficiency virus, BDI-II: Beck Depression Inventory. Qualitative data was analyzed with  a: Fisher test. 

p-value < 0.05 was considered statistically significant. 

In the PSQI-based assessment of sleep quality, no statistically significant differences were 

observed in total PSQI score among groups (MAHIV: median 7, IQR: 5–10; Controls: median 7, IQR: 

5–9; PLWH: median 5, IQR: 2–8). However, the MAHIV group showed the highest prevalence of 

clinically relevant sleep disturbances, followed by PLWH and Controls (47.5% vs. 21.4% vs. 20.5%, 

respectively; Figure 1D). Component-wise analysis revealed pronounced disturbances in the MAHIV 

group, with shorter sleep duration, greater sleep latency, reduced sleep efficiency, and more 

prominent daytime dysfunction (Table 7). These component-level abnormalities are consistent with 

potential negative effects on memory, attention, learning, and decision-making. 

Table 7. Sleep quality assessment (PSQI). 

PSQI Score MAHIV PLWH Control p 

Component 1: 

subjective sleep 

quality, n (%) 

0 

1 

2 

3 

14 (35%) 

16 (40%) 

8 (20%) 

2 (5.0%) 

17 (40.4%) 

18 (42.8%) 

7 (16.6%) 

0 (0%) 

12 (30.7%) 

18 (46.1%) 

8 (20.5%) 

1 (2.5%) 

0.8692a 

Component 2: 

Sleep latency, n 

(%) 

0 

1 

2 

3 

9 (22.5%) 

13 (32.5%) 

11 (27.5%) 

7 (17.5%) 

14 (33.5%) 

11 (26.1%) 

11 (26.1%) 

6 (14.2%) 

12 (30.7%) 

19 (48.7%) 

7 (17.9%) 

1 (2.5%) 

0.1495 a 

Component 3: 

Sleep duration, n 

(%) 

0 

1 

2 

3 

23 (57.5%) 

4 (10.0%) 

6 (15.0%) 

7 (17.5%) 

18 (42.8%) 

14 (33.3%) 

6 (14.3%) 

4 (9.5%) 

2 (5.1%) 

10 (25.6%) 

17 (42.5%) 

10 (25.6%) 

<0.0001b 

Component 4: 

Efficacy of usual 

sleep, n (%) 

0 

1 

2 

3 

19 (47.5%) 

8 (20.0%) 

8 (20.0%) 

5 (12.5%) 

28 (66.6%) 

4 (9.5%) 

6 (14.2%) 

4 (9.5%) 

20 (5.1%) 

14 (35.8%) 

2 (5.1%) 

3 (7.6%) 

<0.0001a 

Component 5: 

Sleep disturbances, 

n (%) 

0 

1 

2 

3 

1 (2.5%) 

26 (65.0%) 

12 (30.0%) 

1 (2.5%) 

3 (7.1%) 

30 (71.4%) 

8 (19.0%) 

1 (2.3%) 

2 (5.1%) 

28 (71.7%) 

8 (20.5%) 

1 (2.5%) 

0.9102a 

Component 6: Use 

of hypnotic 

medication, n (%) 

0 

1 

2 

3 

27 (67.5%) 

1 (2.5%) 

5 (12.5%) 

7 (17.5%) 

35 (83.3%) 

2 (4.7%) 

1 (2.3%) 

4 (9.5%) 

31 (79.4%) 

5 (12.8%) 

2 (5.1%) 

1 (2.5%) 

0.0681a 
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Component 7: 

Daytime 

dysfunction, n (%) 

0 

1 

2 

3 

12 (30.0%) 

15 (37.5%) 

9 (22.5%) 

4 (10.0%) 

17 (40.4%) 

20 (47.6%) 

5 (11.9%) 

0 (0%) 

5 (12.8%) 

17 (43.5%) 

15 (38.4%) 

2 (5.1%) 

0.0083a 

MAHIV: Methamphetamines users that live with HIV, PLWH: People living with HIV, HIV: Human 

Immunodeficiency virus, Pittsburgh Sleep Quality Index (PSQI). Qualitative data was analyzed with  a: Fisher, 

b: Chi-squared test  p-value < 0.05 was considered statistically significant. 

It is noteworthy that the Control group also presented relatively elevated PSQI scores, 

particularly in sleep quality, sleep duration, and daytime functioning. This pattern likely reflects the 

characteristics of the Control group, composed of working-age, economically active adults, most of 

whom were employed in service-related occupations requiring high professional and emotional 

demands and often long or irregular working hours. 

3.6. Blood Biomarkers Related to Inflammation and Neuronal Damage  

3.6.1. Soluble CD14 (sCD14) 

Serum sCD14 concentrations were significantly higher in the MAHIV group than in PLWH 

without methamphetamine use and Controls (p < 0.01 and p < 0.0001, respectively), consistent with 

heightened monocyte activation and systemic inflammation in methamphetamine users, beyond the 

effects attributable to HIV infection alone (Figure 2A). 

3.6.2. Neurofilament Light Chain (NfL) 

No statistically significant differences in serum NfL concentrations were observed among the 

three groups. However, there was a trend toward higher values in MAHIV compared with both 

PLWH and Controls (Figure 2B), suggesting possible subclinical axonal injury that may not have 

reached statistical significance in this sample. 

3.6.3. Neuron-Specific Enolase (NSE) 

Both the MAHIV and PLWH groups exhibited significantly higher serum NSE concentrations—

a marker of neuronal injury—than Controls (p < 0.0001 and p < 0.01, respectively), with the largest 

difference observed between MAHIV and Controls (Figure 2C). These findings suggest greater 

neuronal damage in PLWH, particularly in those with concurrent methamphetamine use. 

3.6.4. S100B Concentrations 

No significant differences were found in serum S100B concentrations among the three groups, 

although there was a trend toward higher S100B levels in MAHIV compared with PLWH and 

Controls (Figure 2D). 
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Figure 2. Systemic concentrations of biomarkers related to Inflammation and Neuronal Damage. A. sCD14 

concentrations; B. NfL concentrations; C.NSE concentrations and D.S100b. All the biomarkers were measured in 

serum samples (blood derived) with commercially available ELISA kits. Values represented in the graphs show 

the median and interquartile ranges (IQR 1–3). Data were analyzed using the Kruskal–Wallis test, p-value < 0.05 

was considered statistically significant. MAHIV: Methamphetamines users that live with HIV, PLWH: People 

that lives with HIV, HIV: Human Immunodeficiency virus,sCD14: soluble CD14, NfL: Neurofilament light chain, 

NSE: Neuron-specific enolase, S100b: S100 calcium-binding protein B. 

3.7. Biomarkers Correlations with Global Cognition, Depression and Anxiety 

A significant negative correlation was observed between global cognitive performance (MoCA) 

and sCD14 concentrations (rho = −0.24; p = 0.005), indicating that higher immune 

activation/inflammation is associated with poorer cognition (Figure 3, Table 8). Consistent with its 

role as a marker of chronic monocyte-driven immune activation, elevated sCD14 was associated with 

lower MoCA scores, supporting immune activation as a candidate mechanism for cognitive 

impairment. 

Additionally, sCD14 showed modest but significant positive correlations with both anxiety and 

depression scores (GAD-7 and BDI-II), indicating that higher levels of inflammation—reflected by 

increased sCD14—are associated with greater depressive and anxiety symptom burden (Figure 3, 

Table 8). No other biomarkers (NfL, NSE, S100B) showed significant correlations with psychological 

or cognitive instruments. 
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Figure 3. Caption. 

Table 8. Correlation between blood sCD14 and MoCA, GAD-7, BDI-II, PSQI scores. 

 MOCA GAD-7 BDI-II PSQI 

sCD14 -0.2420a** 0.3325a*** 0.2551a** 0.1507a 

sCD14: soluble CD14, MOCA: Montreal Cognitive Assessment, GAD-7: Generalized Anxiety Disorder-7 item 

scale, BDI-II: Beck Depression Inventory, PSQI: Pittsburg Sleep Quality Index. a: Spearman Correlation test, **: 

<0.005, ***: <0.0005. 

3.8. Brief Clinical–Neuropsychological Interpretation 

The MAHIV group was characterized by higher rates of ART discontinuation, lower physical 

activity, and multiple high-risk behaviors—including marked polydrug use and chemsex—patterns 

that are typically associated with disease progression, poorer mental health, and an elevated risk of 

sexually transmitted infections. Emotionally, MAHIV participants exhibited a heavier burden of 
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depressive and anxiety symptoms and shorter sleep duration. Cognitively, they showed worse global 

performance and deficits across key domains (memory, attention, language, abstraction). 

At the biological level, serum sCD14 (a marker of immune activation/inflammation) and NSE (a 

marker of neuronal injury) were significantly elevated in MAHIV. Notably, higher sCD14 

concentrations correlated with lower MoCA scores, implicating chronic immune activation as a 

potential mechanism underlying the observed cognitive impairment. Taking together, these clinical, 

neuropsychological, and biomarker findings support the hypothesis that methamphetamine use in 

PLWH compounds neuropsychological vulnerability, with elevated NSE and sCD14 providing 

convergent evidence of neuronal injury and systemic immune activation. Such biomarkers may help 

elucidate the neurobiological pathways of methamphetamine use and could ultimately inform risk 

stratification, prognostication, and the development of targeted therapeutic strategies in this high-

risk population. 

4. Discussion 

In this cross-sectional study of 121 adults (40 PLWH with active methamphetamine use, 42 

PLWH without methamphetamine use, and 39 HIV-negative controls), we observed a convergent 

pattern of biomedical, neurocognitive, and psychosocial vulnerability in the methamphetamine-

using PLWH group (MAHIV). MAHIV participants had higher rates of antiretroviral therapy (ART) 

discontinuation, lower physical activity, frequent high-risk sexualized polysubstance use (chemsex), 

a heavier emotional burden (depression and anxiety), shorter sleep, poorer global cognition with 

prominent deficits in executive function, memory, attention, and language, and elevated circulating 

neuron-specific enolase (NSE) and soluble CD14 (sCD14). Notably, higher sCD14 concentrations 

correlated inversely with global cognition (MoCA) and positively with anxiety (GAD-7) and 

depression (BDI-II), implicating chronic monocyte-driven immune activation in both cognitive 

compromise and psychiatric symptomatology. Taken together, these findings support the view that 

methamphetamine use acts as both a behavioral and biological amplifier of neurocognitive 

vulnerability in PLWH. 

We found a higher rate of ART interruption and lower physical activity levels among MAHIV 

participants. These observations are consistent with studies in men who have sex with men (MSM) 

and other HIV-affected populations, where recent methamphetamine use is independently 

associated with non-adherence and worse virological outcomes [5,6]. Chemsex involving 

methamphetamine, mephedrone, and cocaine has been linked to more sexual partners, reduced 

condom use, higher-risk practices, and increased STI incidence [26–29]. Thus, our polysubstance-use 

and sexual-risk data align with contemporary literature and reinforce the need for integrated harm-

reduction and combination-prevention strategies. 

MAHIV participants reported a markedly higher burden of depressive symptoms and 

generalized anxiety than both HIV-negative controls and PLWH without methamphetamine use. In 

PLWH, the bidirectional interplay between mental health and clinical outcomes is well recognized: 

depression and anxiety impair adherence and self-regulation, while stimulant use exacerbates 

affective symptoms  [30–32]. MAHIV individuals also reported shorter sleep duration, a clinically 

relevant feature because chronic sleep deficiency in MSM—including MSM living with HIV—has 

been associated with more frequent condomless anal sex, a greater number of sexual partners, and 

missed ART doses [33]. Sleep restriction and circadian disruption impair attention, working memory, 

and executive control, and can potentiate impulsive or reward-driven decision-making, especially in 

stimulant-using populations [34–36]. 

These findings suggest a reinforcing loop: methamphetamine use increases psychiatric distress 

and sleep dysregulation; in turn, mood symptoms and sleep loss worsen ART adherence and sexual 

risk-taking, thereby intensifying both HIV-related and psychosocial harms [33,37]. The convergence 

of high depressive/anxiety burden, shortened sleep, and high-risk sexualized polysubstance use that 

we observed in MAHIV points to an especially fragile neurobehavioral profile that is unlikely to 
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respond adequately to siloed interventions. Instead, it may require integrated care models that 

simultaneously address mental health, sleep hygiene, addiction, and HIV management [38,39].  

Neurocognitive performance was significantly worse in the MAHIV group. PLWH groups 

scored below HIV-negative controls on global cognition (MoCA), but the decrement was greatest in 

MAHIV. Within MAHIV, domain-level analyses revealed deficits in executive function, memory, 

attention, language, and (at the trend level) abstraction, while orientation remained relatively 

preserved. This cognitive profile—frontally mediated executive/attention deficits plus episodic 

memory compromise—is characteristic of HIV-associated neurocognitive disorder (HAND), which 

persists in ~40–50% of PLWH even in the modern ART era and in the absence of major confounding 

neurological disease [9].   

Methamphetamine use may magnify these HAND-like deficits. Chronic methamphetamine 

exposure disrupts dopaminergic and frontostriatal circuits, impairs inhibitory control, heightens 

impulsivity, and degrades decision-making and working memory; these liabilities are repeatedly 

linked to risk-taking sexual behavior and difficulty sustaining goal-directed health behaviors [40]. 

Importantly, cognitive and behavioral dysregulation can persist even after recent abstinence from 

methamphetamine, including impairments in problem solving, language-based reasoning, 

reward/risk evaluation, and inhibitory control compared with drug-free adults [41–43]. The MAHIV 

cognitive pattern we observed—broad deficits across executive function, attention, and memory—

aligns with this literature and suggests an additive or synergistic neurotoxic effect of 

methamphetamine on top of chronic HIV-related neuroinflammation [19,44]. Clinically, these 

findings imply that active methamphetamine use in PLWH may accelerate functional cognitive aging 

and interfere with medication management, safer-sex negotiation, and daily self-care. 

Beyond behavior and cognition, our data reveals a biological signature. Circulating sCD14—an 

established marker of monocyte activation and systemic inflammation—was significantly higher in 

MAHIV than in both PLWH without methamphetamine use and HIV-negative controls. NSE, a 

glycolytic enzyme predominantly expressed by neurons and released into the circulation with 

neuronal injury or blood–brain barrier (BBB) disruption [45], was also higher in MAHIV (and, to a 

lesser extent, in PLWH without methamphetamine) than in controls.  

In addition to the direct neurotoxic effects of HIV and methamphetamine, sleep disruption may 

contribute to the elevated NSE concentrations observed in our cohort. The MAHIV group showed 

the highest prevalence of poor sleep quality, with shorter sleep duration, longer sleep latency, 

reduced habitual sleep efficiency, and more pronounced daytime dysfunction compared with PLWH 

without MA use and HIV-negative control features consistent with clinically relevant sleep 

fragmentation and restriction. Experimental data in healthy men demonstrate that even a single night 

of total sleep deprivation can increase morning serum NSE and S100B levels by approximately 20%, 

suggesting that acute sleep loss induces neuronal stress, BBB perturbation, or both [46]. Taken 

together, our findings raise the possibility that chronic or recurrent sleep disturbance—superimposed 

on HIV infection and methamphetamine exposure—may further amplify neuronal injury signals 

captured by blood-based biomarkers such as NSE in MAHIV individuals.  

By contrast, group differences in neurofilament light chain (NfL) and S100B were less 

pronounced, although both showed a tendency toward higher levels in MAHIV. These results fit with 

emerging evidence that methamphetamine and HIV each drive chronic immune activation, 

endothelial dysfunction, and neurovascular stress—mechanisms linked to cerebrovascular and 

neurocognitive morbidity [19,47,48]. Importantly, all biomarkers in our study were measured in 

blood, suggesting that they may represent non-invasive neuroinflammation monitoring strategies 

that complement conventional neuroimaging. 

Methamphetamine exposure has been associated with upregulation of inflammatory 

chemokines (e.g., CCL2/MCP-1), adhesion molecules (ICAM-1, VCAM-1), and cytokines that 

facilitate monocyte trafficking across the BBB, while HIV itself sustains a pro-inflammatory milieu 

despite effective ART [49]. Elevated non-classical/activated monocyte phenotypes and soluble 

monocyte activation markers such as sCD14 have been repeatedly implicated in cognitive 
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impairment among PLWH, including in cohorts with cerebral small-vessel disease and otherwise 

suppressed viremia [50–52].  

Independent studies in virally suppressed PLWH have shown that higher plasma sCD14 and 

related chemokines (e.g., MCP-1) are associated with worse neurocognitive performance, supporting 

a model in which persistent monocyte-driven inflammation contributes to HAND pathogenesis even 

in the ART era [51,53].  

The significant inverse correlation between sCD14 and global cognition (MoCA) in our sample 

(ρ ≈ −0.24; p = 0.005) provides direct clinical evidence that chronic peripheral immune activation 

tracks with cognitive dysfunction in methamphetamine-using PLWH. In parallel, NSE functions as a 

peripheral biomarker of neuronal injury; reviews and studies in methamphetamine dependence 

show that NSE increases with neuronal damage and that non-pharmacological interventions such as 

aerobic exercise can reduce NSE and S100B, suggesting neuroprotective potential or partial 

reversibility [25,54,55]. Altogether, our biomarker findings argue that methamphetamine use in 

PLWH accentuates a chronic inflammatory state (indexed by sCD14) and is accompanied by 

biochemical evidence of neuronal injury (NSE).  

Preclinical and clinical data show that methamphetamine increases BBB permeability and 

disrupts tight-junction protein expression, while chronic CNS inflammation persists in HIV despite 

ART [47,55–57]. This framework is consistent with the elevated sCD14 (systemic monocyte 

activation) and NSE (neuronal injury) observed in our study, as well as with the pattern of executive 

and attentional deficits. 

Within the MAHIV group, higher sCD14 levels were also associated with greater depressive 

symptom burden (Beck Depression Inventory) and higher generalized anxiety scores (GAD-7), 

reinforcing an inflammatory–affective phenotype in MA-using PLWH. This pattern aligns with prior 

evidence in PLWH showing that affective symptomatology tracks innate immune activation: in the 

Veterans Aging Cohort Study, somatic depressive symptoms remained independently associated 

with elevated circulating sCD14 after multivariable adjustment [58]. Soluble biomarkers reflecting 

monocyte/macrophage activation (including sCD14 and sCD163) have been linked to both cognitive 

outcomes and depressive symptoms in PLWH in the combination-therapy era [59]. In HIV-negative 

populations, longitudinal data show that endotoxin-related immune activation—reflected by higher 

LBP/sCD14—predicts subsequent depressive symptoms [60]. This is consistent with a recent meta-

analysis demonstrating that biomarkers of gut permeability and inflammation (intestinal fatty-acid 

binding protein [I-FABP], zonulin, antibodies to endotoxins, and sCD14) are associated with 

depressive symptoms, reinforcing the notion that dysfunction of the gut–brain axis contributes to 

mental disorders, particularly depressive disorders [61]  

The relationship between inflammation and depression remains a key research priority. A recent 

scoping and mechanistic systematic review propose a biomarker-driven framework of 

neuroimmunometabolic mechanisms that may underlie the increased risk of depression in people 

with HIV; chronically activated microglia—driving neuroinflammatory cascades upregulated in 

HIV—are posited as a central link between CNS infection and depressive symptomatology [62]. In 

complementary work, PLWH were more likely to report depressive symptoms than HIV-negative 

individuals, and biomarkers of central and peripheral inflammation partially mediated the 

association between HIV status and depressive symptoms [63]. Consistent with our findings, 

stimulant exposure has also been associated with heightened innate immune activation; in sexual 

minority men with and without HIV, methamphetamine and other stimulant use were linked to 

immune dysregulation, as evidenced by elevated monocyte-activation biomarkers such as sCD14 

[64]. Similarly, a recent mechanistic review in HIV reports that methamphetamine use is associated 

with higher levels of inflammatory markers (hs-CRP, IL-6, sTNFR-1) and myeloid activation markers 

(sCD163, sCD14), with comparable elevations observed among PLWH who use other stimulants [65].  

Evidence specifically linking sCD14 to anxiety is more limited but emerging: a pilot study in 

patients with moderate anxiety reported that symptomatic improvement following curcumin 

supplementation was accompanied by reductions in circulating sCD14[66], and broader 
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inflammatory models have associated immune activation with anxiety dimensions in large 

population cohorts [67]. 

Taken together, these findings are consistent with a gut–monocyte–brain immune-activation 

pathway, in which methamphetamine-related immune dysregulation amplifies affective burden in 

PLWH. This framework provides biological plausibility for the positive associations we observed 

between sCD14 and both depressive and anxiety symptoms in the MAHIV group and underscores 

the importance of targeting innate immune activation in parallel with standard psychiatric and 

substance-use interventions. 

These results have several practical implications. First, PLWH who use methamphetamine 

represent a syndemic phenotype: addiction, mental health comorbidity, sleep disturbance, high-risk 

sexual networks, suboptimal ART adherence/suppression, and biologically measurable 

neuroinflammatory stress all cluster in the same individuals. Our findings support integrated 

interventions that simultaneously address stimulant use, mental health, sleep, cognition, and 

adherence. The most consistently supported strategy for stimulant use disorder is contingency 

management, complemented by harm reduction and integrated HIV-care models [68–70]. 

Intervention packages should include routine screening for methamphetamine and other substances; 

adherence supports (reminders, digital monitoring, pharmacy-assisted strategies); psychological 

treatment (cognitive-behavioral therapy, motivational interviewing) [71–76]; and, when feasible, 

structured exercise programs, given their potential neurobiological modulation (reductions in 

NSE/S100B) [25]. From a public health perspective, surveillance of chemsex and STI prevention 

(PrEP/PEP, vaccinations, safer-use materials, education on substance mixing) are priorities [27–

29,77,78] 

Second, our findings raise the possibility that peripheral inflammatory and neuronal injury 

markers could complement brief cognitive screening to identify high-risk patients earlier. sCD14 may 

help flag PLWH who use methamphetamine and are at greatest risk for neurocognitive compromise, 

potentially before overt functional disability emerges. Third, these results underscore that 

neuroinflammation is not merely an epiphenomenon but a putative therapeutic target. Anti-

inflammatory and neuroprotective strategies are being actively explored. For example, human data 

suggest that cannabis exposure may attenuate specific pro-inflammatory and endothelial activation 

markers (e.g., ICAM-1, VCAM-1, CCL2/MCP-1) in the context of methamphetamine use disorder 

and/or HIV, pointing toward cannabinoid pathways as potential adjunctive modulators of chronic 

inflammation [49]. Separately, structured aerobic exercise in methamphetamine-dependent 

individuals has been shown to improve cognitive performance and reduce circulating markers of 

neuronal injury such as NSE and S100B, potentially by repairing BBB integrity and mitigating 

neurotoxicity [25]. Although the effects of exercise and cannabinoid-based modulation were not 

tested in our cohort, these approaches illustrate plausible, non–ART-based levers to dampen 

neuroinflammation and protect cognition in high-risk PLWH. 

Several limitations must be acknowledged. First, the present analysis is cross-sectional; causality 

cannot be inferred. Second, selection and information biases may affect self-reported substance use 

and sexual behaviors. Third, cognition was assessed with screening and domain-level measures 

rather than a full neuropsychological battery, and we did not include neuroimaging or CSF assays. 

Finally, we did not measure additional biomarkers (e.g., CCL2, GFAP, sTREM2) that could enrich 

mechanistic inference, and generalizability is limited beyond predominantly male participants. 

Strengths include the multidimensional assessment (clinical/behavioral, mental health, sleep, 

cognition) with incorporation of blood biomarkers, explicit between-group comparisons (PLWH ± 

methamphetamine, HIV-negative controls), and domain-specific cognitive analyses. Nonetheless, 

convergence across clinical, cognitive, and serologic findings strengthens the conclusion that 

methamphetamine uses functions as an aggravating factor for neuropsychological vulnerability in 

PLWH.  

Longitudinal studies are needed to (i) delineate trajectories of cognitive and biomarker change 

with modification of methamphetamine use; (ii) evaluate the prognostic and treatment-response 
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utility of sCD14 and NSE (alone and in combination with NfL/sGFAP); (iii) compare integrated 

intervention packages (contingency management ± CBT ± supervised exercise) on cognitive and 

adherence outcomes; and (iv) interrogate, via multimodal neuroimaging, relationships among 

peripheral immune activation (sCD14/sCD163), BBB permeability, and white-matter microstructure 

in MAHIV. 

5. Conclusions 

Among PLWH who use methamphetamine, we document a high-risk profile characterized by 

greater ART discontinuation, lower physical activity, and chemsex-related polysubstance use and 

behaviors associated with STIs. The MAHIV group showed a heavier emotional burden (depression 

and anxiety) and shorter sleep, factors linked to risk behaviors, poorer adherence, and worse 

cognitive performance. Global cognitive performance was poorer in MAHIV, with prominent deficits 

in executive function, memory, language, and attention. Elevated circulating markers of systemic 

immune activation (sCD14) and neuronal injury (NSE), together with the inverse association between 

sCD14 and MoCA scores, support chronic immune activation as a central pathway underlying 

cognitive impairment. Overall, our results support methamphetamine use as an aggravating factor 

for neuropsychological vulnerability in PLWH. Biomarkers such as sCD14 and NSE emerge as 

candidate tools with potential prognostic and monitoring value and as guides for designing targeted 

interventions in this high-risk population. 
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