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Abstract
Purpose  Our aim was to better explore the association between liver fibrosis (LF) and neurocognitive impairment (NCI) in 
people living with HIV (PLWH).
Methods  We performed a cross-sectional cohort study by consecutively enrolling PLWH at two clinical centers. All subjects 
underwent a comprehensive neuropsychological battery; NCI was defined as having a pathological performance (1.5 SD 
below the normative mean) on at least two cognitive domains. LF was explored using FIB4 index; in a subgroup of PLWH, 
LF was also assessed by transient elastography.
Results  A total of 386 subjects were enrolled, of whom 17 (4.4%) had FIB4 > 3.25. In the subgroup of PLWH (N = 127) 
performing also liver transient elastography, 14 (11%) had liver stiffness > 14 kPa. Overall, 47 subjects (12%) were diagnosed 
with NCI. At multivariate regression analyses, participants with FIB4 > 1.45 showed a higher risk of NCI in comparison with 
those with lower values (aOR 3.04, p = 0.044), after adjusting for education (aOR 0.71, p < 0.001), past AIDS-defining events 
(aOR 2.91, p = 0.014), CD4 cell count, past injecting drug use (IDU), HIV-RNA < 50 copies/mL, and HCV co-infection. Also 
a liver stiffness > 14 kPa showed an independent association with a higher risk of NCI (aOR 10.13, p = 0.041). Analyzing any 
single cognitive domain, a higher risk of abnormal psychomotor speed was associated with a liver stiffness > 14 kPa (aOR 
223.17, p = 0.019) after adjusting for education (aOR 0.57, p = 0.018), HIV-RNA < 50 copies/mL (aOR 0.01, p = 0.007), 
age, past IDU, and HCV co-infection.
Conclusions  In PLWH, increased LF, estimated through non-invasive methods, was associated to a higher risk of NCI 
independently from HCV status.
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Introduction

In people living with HIV (PLWH), both HIV-specific and 
non-specific factors can contribute to the expression of neu-
rocognitive impairment (NCI). In this multifactorial model, 
the role of HCV co-infection is controversial [1, 2]. It has 
been suggested that HCV can promote NCI through its rep-
lication in the central nervous system (CNS), thus triggering 
neuroinflammation [3]. Moreover, HCV can determine liver 
inflammation with subsequent liver fibrosis (LF) and, pos-
sibly, slightly impaired liver function, which, in turn, might 
contribute to NCI by causing subclinical hepatic encepha-
lopathy [4]. The contribution of LF to NCI has received 
limited research. Liver biopsy remains the gold standard 
in the assessment of LF [5]; however, biopsy is invasive, 
expensive, potentially associated with severe complications 
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and subject to measurement error [6, 7]. These limitations 
led to the proliferation of non-invasive methods for LF meas-
urement, which can be categorized into serum marker panels 
and imaging techniques [8]. A serum marker specifically 
developed for HIV/HCV co-infected patients is the FIB4, 
that has shown good accuracy in predicting LF [5]. However, 
the performance of transient elastography to detect fibrosis 
and cirrhosis among HIV/HCV co-infected patients appears 
superior to other previously validated and newly developed 
serum markers [8].

In the present study, we aimed to investigate the relation-
ship between NCI and LF (estimated through non-invasive 
methods) in PLWH (both HIV mono-infected and HIV/HCV 
co-infected).

Methods

Subjects

We performed a cross-sectional study consecutively enroll-
ing asymptomatic (without active opportunistic infections 
or other acute clinical conditions) PLWH during routine 
outpatient visits at two clinical centers (“Agostino Gemelli” 
Foundation, Rome, center 1; and “S. Caterina Novella” Hos-
pital, Galatina, center 2). Exclusion criteria were: age < 18 
years, decompensated liver disease, HCV treatment in the 
past 6 months, history of CNS opportunistic infections or 
other neurologic disorders, active psychiatric disorders, 
alcoholism or drugs abuse during the last 6 months, and 
non-native patients to avoid cultural bias at neuropsychologi-
cal examination.

This study was approved by the local Institutional Ethics 
Committees (EC) at the two clinical centers and subjects 
provided written informed consent prior to enrollment (no. 
of EC protocol = 0005937/15).

At the time of the neuropsychological examination, the 
following data were collected through patients interview 
and chart review: gender, age, education, recent alcohol or 
drug abuse, risk factors for HIV infection, history of AIDS-
defining events, current and past antiretroviral regimen, 
nadir and current CD4 cell count, HIV-1 plasma viral load, 
HCV co-infection (positive anti-HCV antibodies), AST and 
ALT levels, platelet count.

LF was estimated by FIB4 according to the standard for-
mula [5]: age (years) × AST (IU/L)/platelet count (expressed 
as platelets × 109/L) × [ALT1/2(IU/L)]. As previously described 
[9], LF was categorized into three classes, correspond-
ing to increased severity, based on the following cut-offs: 
FIB-4 ≤ 1.45 (mild fibrosis); FIB-4 from 1.46 to 3.25 (moder-
ate fibrosis); FIB-4 > 3.25 (severe fibrosis/cirrhosis). PLWH 
enrolled at center 2 also underwent liver transient elastography 
by Fibroscan®; on the basis of liver stiffness cut-offs [10] LF 

was classified as follows: < 7 kPa (mild fibrosis); from 7 kPa 
through 14 kPa (moderate fibrosis); > 14 kPa (severe fibrosis/
cirrhosis).

Neurocognitive evaluation

All subjects underwent a comprehensive neuropsychological 
battery exploring Memory [Immediate and Delayed Recall of 
Rey Auditory Verbal Learning Test (RAVLT)], Attention (For-
ward digit span), Speed of psychomotor processing (WAIS-R 
Digit Symbol; Grooved Pegboard Test for both dominant and 
non dominant hand), and Language (Letter Fluency). Func-
tional impairment was defined as a score < 7 at IADL scale.

Raw scores were z-transformed using means and standard 
deviations (SD) of Italian normative data [11–13] for all the 
cognitive measures but the cross-cultural Grooved Pegboard 
test [14]. NCI was defined as impairment in cognitive func-
tioning in at least two domains according to Frascati criteria 
[15], with the only difference being a more severe definition 
of cognitive impairment (≤ 1.5 SD versus ≤ 1 SD below the 
normative mean). In fact, recent studies demonstrated approxi-
mately 15% false positive rate using a threshold of 1 SD [16, 
17].

Statistical analyses

We used Student’s t test and the χ2 test or, when appropriate, 
Fisher’s exact test to compare continuous and categorical vari-
ables, respectively, across study subgroups (i.e. HIV mono-
infected vs HCV co-infected patients or center 1 vs centers 2 
participants’ characteristics).

The association between NCI (globally and in each domain) 
and LF was investigated by a multivariate logistic regression 
model including only variables showing a significant (p < 0.05) 
correlation with NCI at univariate analyses. In addition, the 
model included “a priori” variables such as age and education, 
known to be associated with cognitive functioning [18–20], 
and HCV co-infection to explore the effect of LF indepen-
dently by the co-infection. We performed two different mod-
els to explore the relation between LF and NCI. The first one 
included all study participants and LF was measured by FIB4 
(model 1). In the second model, we restricted the analysis to 
the subset of participants performing the liver transient elas-
tography (N = 127; model 2).

A two-tailed p value < 0.05 was considered statistically 
significant.
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Results

Participants’ characteristics

Overall, a total of 386 PLWH [306 (79.3%) males, median 
age 46 years (interquartile range, IQR 40–52), 75 (19.4%) 
with HCV co-infection, 141 (36.5%) past injecting drug 
users (IDU), 67 (17.4%) with past AIDS-defining events, 371 
(96.1%) on antiretroviral therapy] were enrolled (Table 1).

Participants enrolled at center 1 (N = 259) and center 2 
(N = 127) did not significantly differ on the main demo-
graphic and clinical variables (comparison included all the 
variables shown in Table 1), except for higher median edu-
cation (years) (13 vs.10; p = 0.005), higher CD4 cell count 
(598 vs. 545; p = 0.006), higher proportion of past AIDS-
defining events (22.0% vs. 7.9%; p = 0.001) and lower pro-
portion of past IDU (15.2% vs. 31.5%; p < 0.001) in the first 
center compared to the second one.

Overall, 61 participants (15.8%) showed a moderate LF 
(FIB4 from 1.46 to 3.25), and 17 (4.4%) had a severe LF 
(FIB4 > 3.25); as expected, the proportion of severe LF was 
higher in HCV co-infected patients when compared to HIV 
mono-infected ones [14 (19%) vs. 3 (1%); p < 0.001].

In the subgroup of subjects performing Fibroscan® 
(N = 127), 21 (16.5%) and 14 (11%) had a liver stiffness 
7–14 kPa (moderate LF) and > 14 kPa (severe LF), respec-
tively; in this subgroup, 26 subjects (21%) had HCV co-
infection and, similarly to the total sample population, the 
proportion of severe LF was higher in HCV co-infected 
people in comparison with HIV mono-infected patients [11 
(42%)% vs. 3 (3%); p < 0.001].

Neurocognitive impairment

At neuropsychological examination, 41 subjects (12%) were 
diagnosed as affected by NCI. The most affected cognitive 
domains were verbal learning and attention with 18% and 
15% of pathological performances, respectively (Table 2); 
no patient showed a significant functional impairment.

At multivariate analysis (Table 3, model 1), past AIDS-
defining events [adjusted odds ratio (aOR) 2.91; p = 0.014] 
and FIB4 > 1.45 (aOR 3.04; p = 0.021) were independently 
associated with higher risk of NCI, while higher education 
emerged as protective factor (aOR 0.71; p < 0.001). Other 
key factors such as HCV co-infection, CD4 cell count, past 
IDU, and suppressed plasma viremia (< 50 copies/mL) 
showed statistically significant associations only at univari-
ate analysis.

Analyzing any single cognitive domains, we did not 
observe any independent association between FIB4 score 
and a specific abnormal cognitive area (data not shown).

Table 1   Patients’ characteristics (N = 386)

IDU injecting drug users, MSM men who have sex with men, HCV 
hepatitis C virus, cART​ combined antiretroviral therapy, FIB4 fibro-
sis-4
a Median (IQR)

N (%) or mediana (IQR)

Male 306 (79.3)
Age (years)a 46 (40–52)
Education (years)a 13 (8–13)
Transmission risk factor
 Heterosexual 127 (32.9)
 IDU 79 (20.5)
 MSM 141 (36.5)
 Unknown 39 (10.1)

HCV co-infection 75 (19.4)
Time from HIV diagnosis (years)a 11 (5–18)
Past AIDS-defining events 67 (17.4)
On antiretroviral therapy 371 (96.1)
Time from starting first cART regimen 

(years)a
9 (3–14)

Time from starting last cART regimen 
(years)a

2 (1–5)

HIV-RNA < 50 copies/mL 344 (89.1)
CD4 cell count (cells/µL)a 578 (436–735)
CD4 cell count (cells/µL) at nadira 216 (86–301)
FiB4 ≤ 1.45 331 (80.1)
FIB4 1.46–3.25 64 (15.5)
FIB4 > 3.25 17 (4.4)
Liver stiffness < 7 kPa 92/127 (72.9)
Liver stiffness 7–14 kPa 21/127 (16.3)
Liver stiffness > 14 kPa 14/127 (10.8)

Table 2   Neuropsychological 
examination

Cognitive domain Mean
Z score (SD)

N (%) of patients with abnormal 
score (≤ 1.5 SD below normative 
cut-offs)

Verbal learning − 0.44 (1.13) 68 (17.6%)
Attention − 0.63 (0.58) 59 (15.3%)
Language 0.12 (0.58) 28 (7.3%)
Psychomotor speed − 0.36 (1.30) 40 (10.4%)
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In the subgroup of PLWH who received liver transient 
elastography assessment (N = 127), a liver stiffness > 14 kPa 
showed an independent association with higher risk of NCI 
(aOR 10.13, p = 0.041) (Table 3, model 2). Finally, in the 
multivariate model liver stiffness > 14 kPa was found to be 
associated with higher risk of abnormal psychomotor speed 
[aOR 223.17 when compared to stiffness < 7 kPa, 95% con-
fidence intervals (CI) 2.40–20,737.03, p = 0.019], while 
higher levels of education (aOR 0.57, 95% CI 0.36–0.91, 
p = 0.018) and HIV-RNA < 50copies/mL (aOR 0.01, 95% 
CI 0.00–0.18, p = 0.007) emerged as protective factors, 
after adjusting for age (aOR 2.02 per 10 years increase, 
95% CI 0.55–7.40, p = 0.290), past IDU (aOR 3.39, 95% CI 
0.26–43.40, p = 0.349), and HCV co-infection (aOR 0.07, 
95% CI 0.00–1.81, p = 0.108).

Discussion

We explored the relationship between LF and cognitive per-
formance in PLWH. Our main finding was the association 
between moderate-severe LF (estimated by FIB4) and NCI 
independently by HCV status. Our data confirm a previous 

observation obtained using another non-invasive method 
(the aspartate aminotransferase to platelet ratio index; APRI) 
[4]. The results of these two studies are consistent despite 
many differences in patients’ characteristics, as the higher 
proportion of PLWH with suppressed plasma viremia in 
our cohort (80% vs 40%); thus, the association between LF 
and NCI was confirmed in a well virologically-controlled 
HIV + cohort.

The association between increased LF and NCI was also 
confirmed in the subgroup of PLWH with fibrosis identified 
by liver transient elastography, a tool that has demonstrated 
good accuracy to detect LF, superior to the one of serum 
markers [21]. In this subgroup, we observed a significant 
association not only with global cognitive impairment, but 
also with lower scores on psychomotor speed, a function 
that relies especially on the basal ganglia-thalamo-cortical 
circuit, according to previous observations in people with 
liver disease [22, 23] and to a recent study in PLWH [24].

Consistently with a prior study conducted on mono HIV-
infected and HIV–HCV co-infected people [2], we observed 
a significant association between NCI and several HIV varia-
bles (past AIDS defining events and plasma viremia), but no 
with HCV co-infection. However, HCV co-infected patients 

Table 3   Factors associated with cognitive impairment (significant p values in bold)

OR odd ratio, aOR adjusted odd ratio, CI Confidence Interval, IDU injecting drug users, HCV hepatitis C virus, cART​ combined antiretroviral 
therapy, FIB4 fibrosis-4
a Model 1 was run out on the total population (N = 386); model 2 included the same variables included in the model 1, but was performed in the 
subgroup of participants who underwent liver transient elastography by Fibroscan® (N = 127)

Variable Univariate analysis 
(model 1)a

Multivariate analysis 
(model 1)a

Univariate analysis 
(model 2)a

Multivariate analysis 
(model 2)a

OR (95% CI) p aOR (95% CI) p OR (95% CI) p aOR (95% CI) p

Sex (male vs female) 2.00 (0.76–5.27) 0.161 4.14 (0.52–39.93) 0.180
Age (per 10 years increase) 1.14 (0.84–1.56) 0.406 0.722 (0.47–1.11) 0.135 0.85 (0.49–1.48) 0.571 0.54 (0.23–1.30) 0.169
Education (per 1 year more) 0.73 (0.65–0.83) < 0.001 0.71 (0.61–0.82) < 0.001 0.77 (0.64–0.94) 0.009 0.69 (0.52–0.90) 0.007
Past IDU 3.60 (1.83–7.09) < 0.001 1.73 (0.65–4.61) 0.269 2.47 (0.86–7.14) 0.096 1.39 (0.29–6.53) 0.680
HCV co-infection 3.09 (1.55–6.15) 0.001 0.94 (0.33–2.71) 0.915 1.35 (0.40–4.59) 0.632 0.43 (0.06–2.90) 0.384
Time from HIV diagnosis (per 

1 year more)
1.02 (0.98–1.07) 0.260 0.98 (0.91–1.06) 0.669

Past AIDS-defining events 2.50 (1.22–5.13) 0.012 2.91 (1.24–6.83) 0.014 1.84 (0.35–9.59) 0.468 2.04 (0.27–15.44) 0.491
CD4 cell count (per 100 cells 

more)
0.82 (0.71–0.95) 0.009 0.94 (0.81–1.10) 0.915 0.84 (0.66–1.06) 0.468 0.99 (0.79–1.23) 0.994

CD4 cell count nadir (per 100 
cells more)

0.82 (0.64–1.04) 0.106 1.04 (0.69–1.56) 0.848

Time from first cART regimen 
(per 1 year more)

1.03 (0.98–1.09) 0.229 1.01 (0.91–1.13) 0.837

HIV RNA < 50 copies/mL 0.38 (0.16–0.86) 0.020 0.44 (0.16–1.23) 0.116 0.20 (0.05–0.79) 0.022 1.19 (0.03–1.18) 0.076
FIB4 > 1.45 3.05 (1.53–6.09) 0.002 3.04 (1.18–7.83) 0.021
Liver stiffnessa <7  kPa Ref
Liver stiffnessa ≥ 7 kPa and 

≤ 14 kPa
1.54 (0.39–6.24) 0.548 2.14 (0.34–13.41) 0.418

Liver stiffnessa > 14 kPa 3.69 (0.96–14.20) 0.058 10.13 (1.10–93.12) 0.041
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appear at greater risk of NCI due to the highest burden of 
severe LF. NCI has been well documented in individuals 
with cirrhosis and attributed to molecules and toxins that 
accumulate in the blood and are not effectively cleared by 
the liver [25]. In our study, the finding of significant asso-
ciation between LF and NCI unlikely due to cirrhosis given 
the small number of participants with severe LF and the 
exclusion of individuals with decompensated liver diseases; 
this result is in line with previous evidence documenting the 
association between cognitive dysfunction and liver impair-
ment in patients without cirrhosis [26].

We acknowledge that our study can have some limitations 
because the observational nature did not permit to establish 
causal relationships between factors, and there are possible 
uncontrolled biases. Moreover, only in one of the two study 
centers liver elastography by Fibroscan® was available.

In conclusion, our results provide further evidence that 
NCI in the setting of HIV infection might be associated with 
both HIV and non-HIV key factors including LF. Routine 
neuropsychological examinations in PLWH with multiple 
risk factors for neurodegeneration could help clinicians to 
better manage the cognitive evolution over time.
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