
AIDS, Publish Ahead of Print 

DOI: 10.1097/QAD.0000000000003170 

Prevalence Of Non-Alcoholic Fatty Liver Disease Using Non-Invasive Techniques Among 
Children, Adolescents, And Youths Living With Hiv 

Itzíar Carrasco, Antonio Olveira, Ángel Lancharro, Luis Escosa, María José Mellado, 
Carmen Busca, María Luisa Montes, Cristina Díez, Sonia Alcolea, María Luisa Navarro, 
Talía Sáinz 

Running head: Non-alcoholic fatty liver disease in perinatally HIV-infected children  

Summary: Based on non-invasive imaging techniques, the prevalence of non-alcoholic fatty 
liver disease is high among children and youths acquiring HIV perinatally compared to 
controls. Scores based on clinical and analytical parameters do not identify individuals at 
risk.  

First author:  

‐ Itzíar CARRASCO; MSc. Servicio de Pediatría, Hospital General Universitario Gregorio 
Marañón e Instituto de Investigación Sanitaria Gregorio Marañón, 28007, Madrid, Spain. 
Universidad Complutense de Madrid, Spain. CIBER de Enfermedades Infecciosas 
(CIBERInfec), Instituto de Salud Carlos III, Spain 

Coauthors:  

‐ Antonio OLVEIRA; M.D., PhD. Gastroenterology Department. Hospital Universitario 
La Paz y La Paz Research Institute (IdiPAZ), Hospital Universitario La Paz, 28006, 
Madrid, Spain. 

‐ Ángel LANCHARRO; M.D. Servicio de Radiología, Hospital General Universitario 
Gregorio Marañón e Instituto de Investigación Sanitaria Gregorio Marañón, 28007, 
Madrid, Spain.  

‐ Luis ESCOSA; M.D., Ph.D. Servicio de Pediatría, Enfermedades Infecciosas y 
Tropicales, Hospital Universitario La Paz Y La Paz Research Institute (IdiPAZ), 
Hospital Universitario La Paz, 28006, Madrid, Spain. 

‐ María José MELLADO; M.D., Ph.D. Servicio de Pediatría, Enfermedades Infecciosas y 
Tropicales, Hospital Universitario La Paz Y La Paz Research Institute (IdiPAZ), 
Hospital Universitario La Paz, 28006, Madrid, Spain. CIBER de Enfermedades 
Infecciosas (CIBERInfec), Instituto de Salud Carlos III, Spain 

‐ Carmen BUSCA; M.D. HIV Unit, Infectious Diseases and Internal Medicine 
Department. Hospital Universitario La Paz y La Paz Research Institute (IdiPAZ), 
Hospital Universitario La Paz, 28006, Madrid, Spain. 

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



‐ María Luisa MONTES; M.D, PhD. HIV Unit, Infectious Diseases and Internal Medicine 
Department. Hospital Universitario La Paz y La Paz Research Institute (IdiPAZ), 
Hospital Universitario La Paz, 28006, Madrid, Spain. 

‐ Cristina DIEZ; M.D., Ph.D. Unidad de Enfermedades Infecciosas, Hospital General 
Universitario Gregorio Marañón, 28007, Madrid, Spain.  

‐ Sonia ALCOLEA; Servicio de Pediatría, Enfermedades Infecciosas y Tropicales, 
Hospital Universitario La Paz y La Paz Research Institute (IdiPAZ), Hospital 
Universitario La Paz, 28006, Madrid, Spain. CIBER de Enfermedades Infecciosas 
(CIBERInfec), Instituto de Salud Carlos III, Spain 

‐ María Luisa NAVARRO; M.D., Ph.D. Servicio de Pediatría, Hospital General 
Universitario Gregorio Marañón, 28007, Madrid, Spain. Universidad Complutense de 
Madrid, Spain. CIBER de Enfermedades Infecciosas (CIBERInfec), Instituto de Salud 
Carlos III, Spain 

‐ Talía SAINZ; M.D., Ph.D. Servicio de Pediatría, Enfermedades Infecciosas y Tropicales, 
Hospital Universitario La Paz y La Paz Research Institute (IdiPAZ), Hospital 
Universitario La Paz, 28006, Madrid, Spain. CIBER de Enfermedades Infecciosas 
(CIBERInfec), Instituto de Salud Carlos III, Spain 

Author’s disclosures 

I Carrasco; No conflict. A Olveira; No conflict. A Lancharro; No conflict. L Escosa; No 
conflict. MJ. Mellado; No conflict. C Busca; No conflict.  M Montes; No conflict. C. Díaz; 
No conflict. S Alcolea; No conflict. ML. Navarro: No conflict. T. Sainz; No conflict. 

Partial results of this work have been presented at the following meetings: 

‐ XIst Congress of the Spanish AIDS Society (GESIDA), Toledo, Spain, 10-13 December 
2019 (ref. P-030). 

‐ 37th Congress of the European Society of Pediatric Infectious Diseases, ESPID, 
Ljubljana, Slovenia, 6 – 11 May 2019 (ref. ESPID19-0117). 

‐ 45th Congress of the Spanish Society of Liver Study, AEEH, Madrid, Spain, 12-14 
February 2020 (ref. P-073). 

Corresponding author:  

Itzíar CARRASCO 

Edificio Materno Infantil, Hospital General Universitario Gregorio Marañón 

C/ Doctor Esquerdo 46, 28007, Madrid 

Phone number: +34 91 426 51 61, email address: itziiaarcg@gmail.com 

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Abstract 

Objective: The prevalence of subclinical liver abnormalities is high among people living 
with HIV, but data regarding perinatally HIV-infected children and adolescents (PHIV) are 
scarce. Non-invasive image techniques offer an opportunity to address non-alcoholic fatty 
liver disease (NAFLD) in a population in which the scores validated for adults have not been 
tested.  

Design: Prospective cross-sectional study including PHIV and uninfected controls.  

Methods: Non-invasive imaging techniques for the diagnosis of NAFLD and/or fibrosis were 
performed, and four scores to predict NAFLD were evaluated.  

Results: Seventy-six participants (59.2% women) with a median of 19 years old (IQR: 15.5 – 
25.6) were included, 38 were PHIV and 38 were age and sex-matched controls. All HIV 
participants were on ART at the moment of inclusion, and 86.8% were virologically 
suppressed. A total of 11 PHIV and three controls were diagnosed with NAFLD (28.9% vs. 
7.9%; p=0.02) by non-invasive imaging techniques. The performance of scores based on 
clinical and analytical parameters was very poor. Although non-significant, overweight was 
more common among participants with NAFLD, who had a significantly higher BMI. 
Differences in HIV-related parameters between the groups were non-significant, except for 
the CD4/CD8+ T-cells ratio, decreased among PHIV diagnosed with NAFLD (p=0.04).  

Conclusions: The prevalence of NAFLD was high (28.9%) among PHIV, and only partially 
explained by overweight and metabolic syndrome defining factors. The scores based on 
clinical and analytical parameters did not accurately identify subjects at risk. Therefore, liver 
ultrasound assessment should be considered for the screening of NAFLD among PHIV in 
routine clinical practice. 

Keywords: Non-alcoholic fatty liver disease (NAFLD), Human immunodeficiency virus 
(HIV), Antiretroviral therapy (ART), transient elastography, ultrasound, vertical 
transmission, children, adolescents 
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Introduction 

Since the introduction of antiretroviral therapy (ART), HIV infection has turned into a 
chronic condition [1]. As a result of this increase in life expectancy, the quality of life of 
people living with HIV is threatened by comorbidities, including liver, kidney, cardiovascular 
disease, or cancer [2,3]. Worldwide, the liver disease remains one of the major causes of 
morbidity and mortality among people living with HIV [4,5]. However, thanks to the efficacy 
of direct-acting antivirals (DAA) to treat the hepatitis C virus (HCV), the burden of diseases 
associated with this virus is decreasing dramatically in areas with access to treatment. 
Instead, the weight of non-alcoholic fatty liver disease (NAFLD) and steatohepatitis on 
chronic liver disease is increasing.  

NAFLD is defined as a fat accumulation higher than 5% in the liver, encompassing different 
stages of abnormal liver ranging from simple steatosis to non-alcoholic steatohepatitis 
(NASH) and cirrhosis [3,6]. The increase in NAFLD keeps pace with the increasing 
prevalence of obesity, insulin resistance [7,8] and other components of the metabolic 
syndrome [9,10], and is linked to mitochondrial dysfunction [11] and the cytopathic effect of 
HCV infection [12]. Some reports suggest that NAFLD/NASH will turn into the first cause of 
liver disease in the general population, both for children and adults, and the first cause of 
liver transplant in western countries in years to come [3,10]. However, the diagnosis of 
NAFLD/NASH is challenging, and although we have very sensitive and specific non-
invasive methods for steatosis and fibrosis diagnosis in our daily clinical practice, to date, 
liver biopsy is considered the gold standard [13]. Scores combining clinical and laboratory 
parameters, such as the hepatic steatosis index (HSI) [14] or triglycerides and glucose (TyG) 
[15], have been validated in adults for screening and are able to predict NAFLD in the adult 
population. The AST to platelet ratio index [16] and the fibrosis-4 index and NAFLD fibrosis 
score [17] are recommended to detect fibrosis. None of these scores has been validated for 
children [18,19]. 

New, non-invasive imaging techniques as transient elastography (T.E.) or point shear wave 
elastography (p-SWE) offer the possibility to stratify the degrees of steatosis [13,20], 
assessing hepatic rigidity in a quantitative way and can be combined with the mentioned 
scores to improve accuracy. Their main limitation is a low sensitivity for the diagnosis of 
early stages of NAFLD/ NASH, according to the European Association for the Study of the 
Liver [21]. However, up today, the use of non-invasive imaging techniques is recommended 
for the diagnosis and follow-up both in adults and children [16,21,22]. 

Among people living with HIV, data suggest an increased prevalence of NAFLD [23–29] 
ranging from 28.8 [30] to 48.0% [31] when the diagnosis is based on imaging techniques to 
57.1 [32]  to 72.6% [25] when based on liver biopsy. Although the pathogenesis of 
NAFLD/NASH is unclear and most probably multifactorial, in the context of HIV infection, 
authors have suggested a potential deleterious effect of the chronic inflammation and 
activation of the immune system secondary to the virus [28,33–35] and its treatment [36,37]. 
In the unique population of perinatally HIV-infected children who face lifelong exposure to 
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antiretroviral treatment and its metabolic consequences, and the deleterious effects of the 
virus itself [18] these phenomena have been described since birth [38–40]. However, data 
addressing the prevalence of NAFLD in this population are scarce [41]. The reliability of 
non-invasive assessment of NAFLD, including clinical scores in the population of adults 
living with HIV, has been the focus of intense research, but their use among children and 
youths has not been established [17]. Although hypertransaminasemia is quite common 
during follow-up in people living with HIV, its significance remains unknown [40]. 

The aim of this study was to determine the prevalence of subclinical liver abnormalities based 
on the use of non-invasive image techniques (TE/p-SWE) in perinatally HIV-infected 
children and youths (PHIV). Secondary objectives included the description of clinical, 
epidemiological, virological, and immunological determinants and evaluation of clinical 
scores for the diagnosis of NAFLD among children and youths.  

Methods 

Study design and participants 

We carried out a prospective longitudinal study in two tertiary hospitals in Madrid, Spain. 
PHIV followed up in the Spanish National Network of Children and Adolescents Living with 
HIV (CoRISpe) were included. Uninfected siblings, partners, and adolescents who attended 
for post-exposure prophylaxis were included as controls, matched by gender and age (+/-2 
years). HIV participants and uninfected controls were recruited at Hospital Universitario La 
Paz and Hospital General Universitario Gregorio Marañón in Madrid (Spain) from June 2018 
to December 2020. All patients included in the CoRISpe cohort undergo serology at inclusion 
and during follow-up according to clinical criteria, and all patients included in the study were 
screened for a full panel of diseases with liver involvement, including viral infections. 
Additional exclusion criteria for participants and controls were history of HBV or HCV 
infection or co-infection, acute infections or opportunistic diseases, or chronic inflammatory 
diseases at the moment of inclusion, and reporting >30g in men and >20g in females of 
alcohol intake. The study was approved by the Ethics Committee of participating hospitals 
and conducted according to the Declaration of Helsinki. All participants signed informed 
consent before inclusion in the study. 

Demographic, clinical, analytical, and virological data 

Sociodemographic and clinical data were collected from medical records. Virological and 
immunological data, including HIV-specific variables and ART history, were collected for 
PHIV from the CoRISpe database. CDC 2014 classification was used to categorize HIV 
disease stages. HIV viral load was considered suppressed when < 50 copies/mL. HBV and 
HCV participants were excluded, and no other hepatic diseases were discarded. Liver 
enzymes (AST, ALT, and GGT) were considered elevated according to laboratory ranges: 
ALT > 35UI/L, AST and GGT when > 40 UI/L. Fasting total cholesterol was considered 
elevated when > 200 mg/dL and triglycerides when >150 mg/dL. Weight, height, waist, and 
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hip measurements were taken according to a unified protocol. Body Mass Index (BMI) was 
automatically calculated according to the formula: BMI= weight (kg) / height2 (m). All 
measurements were z-score adjusted. The standard deviations for BMI according to age and 
gender were calculated using the 2010 Spanish Growth charts [42]. Overweight was defined 
as a BMI z-score between +1 and +2 SD, and obesity was defined as BMI z-score ≥2 SD. For 
adults ≥18 years of age, we used the WHO definition for overweight and obesity based on a 
BMI ≥25 and ≥30 respectively [43].   

Non-invasive techniques for NAFLD diagnosis 

All patients included in the study underwent both transient elastography (with CAP) and 
Shear wave elastography, as well as hematology and biochemistry, serological and 
virological studies. Ultrasound elastography measurements were performed in a supine 
position with the right arm maximally abducted, after ≥6 hours of fasting. Two trained 
clinicians, blind to HIV status, performed the ultrasound studies according to a unified 
protocol.  

Liver fibrosis was evaluated by means of transient elastography (TE), FibroScan [44], as well 
as Shear Wave Elastography. Liver elasticity/stiffness was quantified based on the speed of 
ultrasound waves when passing through the liver. Point Shear Wave Elastography (pSWE) 
uses an internal acoustic radiation force impulse or ARFI, measuring the speed of shear wave 
propagation through the hepatic parenchyma at a fixed point or ROI. It was performed with a 
4-9 MHz convex probe in a Samsung Prestige RS80 ultrasound scanner [45]. Ten valid 
measurements were acquired at 2-4 cm in-depth in the liver. The measured speed is given in 
m/s and converted to kPa for tissue stiffness estimation [46]. Then, the median is calculated, 
as well as the interquartile range. Normal values have been defined for children [47]. The risk 
for advanced fibrosis was stratified by APRI (<0.5 mild fibrosis), advanced fibrosis p-SWE 
and/or TE Liver fibrosis was defined according to the Metavir Scale for the TE as the absence 
of fibrosis F0-F1 (<7.6 kPa), moderate fibrosis F2 (7.6-9.5 kPa), advanced fibrosis F3 (9.5-14 
kPa) and F4 (14 kPa); and for p-SWE as the absence of fibrosis F0-F1 (<5.7 kPa), moderate 
fibrosis F2 (>7.6 kPa), advanced fibrosis F3 (<11.6 kPa) and F4 (>11.6 kPa).  

Both pSWE and the Controlled Attenuation parameter (CAP) by TE were used to establish 
NAFLD diagnosis. CAP evaluates the ultrasonic attenuation in the liver at 3.5 MHz at depth 
25 to 65 mm using FibroScan and represents a noninvasive assessment of liver steatosis. CAP 
values in dB/m were reported as the median of 10 acquisitions, and the cut-off point of 248 
dB/m defined by Karlas et al [48] was used to define the presence of steatosis. The criteria 
defined by Dasaranthy S et al. [49] and Bril F et al. [50] were used for the diagnosis of 
steatosis by pSWE: increased parenchymal echogenicity of the liver, hepatic vein blurring, 
portal vein blurring and visualization of the diaphragm.  
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Clinical and analytical scores  

Four scores validated to predict liver abnormalities in the adult population were calculated for 
study participants, and their accuracy to predict fibrosis/NAFLD was compared to non-
invasive imaging techniques. As there are no specific pediatric cut-off points, the ones 
described for adults were used. Triglyceride Glucose Index (TyG), Hepatic Steatosis Index 
(HSI), AST to Platelet Ratio Index (APRI), and Fibrosis 4 (FIB-4) were calculated 
automatically. TyG, an index to determine insulin resistance and able to identify individuals 
at risk for NAFLD, was calculated according to the equation: TyG = ln [Fasting triglyceride 
(mg/dl) x Fasting glucose (mg/dl)]/2. An index of 4.49 or larger indicates a patient is likely to 
suffer from insulin resistance and an index of 8.38 or larger indicates steatosis. HSI, an index 
used to identify candidates for liver study, was calculated using the equation: HSI = 8 x 
ALT/AST + BMI (+ 2 if type 2 diabetes, + 2 if female). For interpretation, NAFLD was 
diagnosed >36, ruled out with a value <30, while values between 30- 36 are considered 
inconclusive. Two scores for fibrosis evaluation were performed: APRI = AST (IU/L) / AST 
upper normal limit (IU/L) / Platelet count (109/L) x 100. When APRI <0.5, fibrosis can be 
ruled out. FIB-4 was also used to evaluate liver fibrosis: FIB 4= (Age x AST) / (Platelet count 
x √ALT). A value >2.67 suggests fatty liver, and > 3.25 suggests cirrhosis by HCV; a value 
<1.3 is relevant to exclude significant fibrosis. All index and interpretations were performed 
using MDCalc (https://www.mdcalc.com/). 

Statistical analysis 

Categorical variables were presented as total counts and percentages (%), and continuous 
variables appeared as median and interquartile ranges (IQR). Chi-square test or Fisher test, as 
appropriate, were performed to compare categorical variables and U Mann-Whitney test to 
compare continuous variables. Due to sample size restrictions, we did not perform 
multivariate analysis to assess determinants for NAFLD. A p-value less than 0.05 was 
considered statistically significant. All analyses were conducted in IBM-SPSS Statistics 
Version 25.0 (Armonk, NY: IBM Corp). 

Results 

General characteristics of the study population  

Globally, 76 participants (59.2% women) with a median age of 19.0 (IQR: 15.5 – 25.6) years 
old were included in our study. Of them, 38 were PHIV, and 38 were age and sex-matched 
HIV-negative controls. The sociodemographic and clinical characteristics of both groups are 
shown in Table 1. Participants living with HIV had been diagnosed at a median of 19.2 (IQR: 
3.6 – 56.4) months of age. All PHIV were on ART at the moment of inclusion in the study, 
and 86.8% of them were virologically suppressed. Overall, the most used recent combination 
(44.7%) was 2 Nucleoside Reverse Transcriptase Inhibitors (NRTI) + 1 Integrase Strand 
Transfer Inhibitors (INSTI), followed by an 18.4% using 2 NRTI + 1 Protease Inhibitor (PI) 
and a 15.8% using 2 NRTI + 1 Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTI). 
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The median number of ART regimens received since diagnosis was 4.5 (IQR: 3.0 – 8.8). Half 
of PHIV had been exposed to AZT, 45% to stavudine (d4T) and over 36% to didanosine 
(ddI). Main HIV-related variables are shown in Table 2, according to NAFLD diagnosis.  

NAFLD in PHIV  

By means of non-invasive imaging techniques, a total of 11 PHIV participants were 
diagnosed with steatosis, vs. only three of the HIV-negative controls (28.9% vs. 7.9%; 
p=0.02). Comparisons between participants with and without NAFLD, including data 
regarding HIV-related parameters, are shown in Table 2. Overall, eleven PHIV were 
diagnosed with NAFLD by imaging techniques, at a median age of 17.9 years (IQR: 11.3 – 
26.6), ranging from 9 to 33 years old. Characteristics of PHIV diagnosed with NAFLD are 
shown in Table 3. Seven were women and only two presented overweight (BMI >25). Their 
immunological situation was good, with only one participant having a CD4 Nadir below 200 
cells/ml. The median number of previous ART regimens was 5 (IQR: 3 – 9), with five 
participants with previous exposure to ddI and d4T and eight to AZT. Fibrosis (stage F2 or 
higher) was detected in 3 (7.9%) PHIV and none of the HIV-negative controls. The three 
HIV-infected patients with fibrosis were male, aged 18.1, 19.2, and 27.8 years respectively. 
All were F2 according to the Metavir Scale (9.7, 8.2 and 8.8 KPa respectively) and only the 
last one had steatosis (patient #10, Table 3). The BMI of the other two patients was 22.5 and 
22.7, respectively, CD4/CD8 ratio was greater than 1 in both cases with a CD4 nadir >200 
cells/mL. None of them had an altered APRI or FIB4 index. No other risk factors for fibrosis 
were identified. 

When compared to PHIV non presenting NAFLD, no differences were found regarding age, 
gender or ethnicity. Although non-significant, overweight was more common among 
participants with NAFLD, who had a significantly higher BMI. Differences in HIV-related 
parameters between the groups were non-significant, except for the CD4/CD8+ T-cells ratio, 
which decreased among those diagnosed with NAFLD (p=0.04). Time from diagnosis, CDC 
HIV stage, number of regimens and ART regimens were not associated with the prevalence 
of NAFLD. 

Performance of the clinic-analytical scores for the screening of NAFLD in PHIV 

Overall, no differences in laboratory parameters such as glucose, aminotransferases, 
cholesterol, triglycerides, platelets or bilirubin values were observed among PHIV, 
independent of the NAFLD diagnosis. Regarding screening scores, results were normal for 
most HIV-infected participants, presenting only 5 out of 30 PHIV with HIS score available 
with an altered index (NAFLD diagnosis confirmed by imaging techniques in three) and 2 out 
of 31 with an altered APRI (none of them had fibrosis by TE). FIB-4 and TyG scores were 
normal in all cases.  
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Discussion 

In this exploratory study using non-invasive imaging techniques, the prevalence of NAFLD 
among youths living with HIV since childhood was surprisingly high (28.9%) compared to an 
uninfected cohort. The fact that no clear relation to overweight and the metabolic syndrome 
defining factors could be established, together with the extremely poor performance of the 
scores based on clinical and analytical parameters, are worrisome, as identification of patients 
at risk remains extremely challenging among youths.  

Studies in industrialized countries suggest that NAFLD represents the most common chronic 
liver disease in children, with a prevalence ranging from around 10% in children, 17% in 
teenagers, to 40-70% among obese children [51]. Among adults in the general population, the 
numbers go up to 30% in adults and 80% among obese patients [52]. Compared to these data, 
the prevalence of NAFLD in our series, integrated mainly by teenagers and youths, is two 
times higher than expected by age group [51,52] supporting previous results in PHIV [53]. 
The first hypothesis to explain these findings is the presence of HIV infection and ART 
treatment, as underlined by the fact that NAFLD prevalence was much lower among the 
recruited uninfected controls. Mitochondrial dysfunction can be caused by ART and has been 
described to contribute to the pathogenesis of NAFLD and lead to ROS production, lipid 
peroxidation and cytokine release that induce liver inflammation and fibrosis [54]. This 
hypothesis is in line with the limited studies addressing the prevalence of NAFLD among 
PHIV [26,40], based on abnormal non-invasive markers [16] and non-invasive imaging 
techniques [41], suggesting abnormalities in around half of the studied populations [36,41]. 
The sample size of the mentioned studies is small, and methodologies cannot be compared. 
None of the studies is based on biopsies, which is meant to be the gold standard for diagnosis. 
However, these findings are worrisome, and especially considering that compared to other 
westernized countries, the Mediterranean region is usually considered a low-risk area for 
metabolic disorders [55]. According to the literature, the expected prevalence of 
NAFLD/NASH in the area would be lower compared to the one reported in areas such as 
North America [56–58]. Although results are worrisome, the longitudinal evolution of fatty 
liver is unknown, and studies have proven that changes in diet and behavior can induce 
disease regression [58]. Prompt diagnosis and management may prevent disease progression, 
as the rate of success is higher when lifestyle changes are promoted early in life [59,60]. The 
hypothesis of a direct relationship between liver damage and HIV-infection plus ART 
treatment in this cohort is plausible and has been pointed out in previous studies [27,61]. 
However, the fact that apart from the CD4/CD8 ratio, no HIV-related variables were 
independently associated with NAFLD, does not support the role of chronic inflammation or 
metabolic abnormalities secondary to ART as an underlying cause. Advanced age, years from 
HIV infection [28], higher viral load, increased liver enzymes and long exposure to NRTIs 
[29] and especially the use of ddI/d4T, have been previously described as risk factors for 
fibrosis progression among people living with HIV [35]. However, none of these factors were 
identified as risk factors for NAFLD in our cohort, nor time since diagnosis or ART 
exposure. The etiology of NAFLD is not well understood and is most probably multifactorial, 
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including genetic, behavioral, diet-related, and inflammatory factors. While the association 
between NAFLD and metabolic syndrome is beyond question [29,34,62] and has been 
described also in the context of HIV infection [35], several authors describe the presence of 
steatosis in patients not presenting any of the metabolic syndrome defining factors [63–67]. 
Although in this study the differences in terms of the prevalence of overweight among PHIV 
with and without NAFLD was non-significant, BMI was significantly higher in participants 
with NAFLD. Probably, this reflects how the reduced sample size impaired our ability to 
analyze weight as a dichotomous variable. However, as most scores include biochemical and 
clinical parameters related to BMI, these subjects would never be identified as subjects at risk 
when classical scores are used. Similarly, hypertransaminasemia can be present or not at 
diagnosis [31,62]. This issue is even more challenging between children, adolescents and 
youth patients, in which scores have not been validated. In children, in fact, even the 
definition of metabolic syndrome is controversial [68,69].  

Imaging techniques are not the gold standard for diagnosis of NAFLD but allow a non-
invasive approach and permit close follow-up of patients, including monitoring disease 
regression. The main limitations are a low sensitivity for early stages of the disease, as 
changes suggestive of steatosis cannot be appreciated if the fat content is lower than 20-30%, 
and the interobserver variability, partially overcome with the use of standardized parameters 
such as p-SWE or CAP. Cirrhosis associated with NAFLD is hard to detect, and there are no 
ultrasound markers for steatohepatitis. Small participants may require the use of an adapted 
probe. On the other side, the adipose panniculus of participants with overweight might lead to 
low image quality. Both fibrosis and steatosis can modify the attenuation and dispersion of 
ultrasound waves, and this is in fact one of the limitations of the imaging techniques when 
evaluating the liver. None of these limitations should interfere with its sensitivity for the 
identification of higher-risk patients with no metabolic syndrome, and thus, to our view these 
techniques are ideal among individuals living with HIV. Furthermore, our results suggest a 
very low sensitivity of usual NAFLD scores, with no concordance with imaging diagnosis, 
which induces us to recommend against the use of scores for children and youths. Together 
with the limitation regarding diagnosis, which did not include liver biopsy and thus cannot be 
considered certain, the main limitation of our study is the small sample size. The reduced 
number of participants included impaired our ability to analyze HIV-related risk factors. 
However, despite the reduced strength of the study, we found statistically significant 
differences regarding prevalence between cases and uninfected controls.  

As genetic and lifestyle-related factors might determine the risk for NAFLD, controls were 
recruited among siblings and uninfected partners, to achieve a comparable cohort in terms of 
epidemiological, genetic and lifestyle-related factors, leaving HIV status as the only 
differentiating factor. However, the potential effect of intrauterine ART exposure is always a 
concern. The pubertal status assessment was not included in the protocol and therefore 
puberty could not be assessed as a potential confounder for NAFLD diagnosis [70]. Data 
regarding alcohol consumption rely only on clinical anamnesis.  

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Despite all limitations, the unexpected higher prevalence of NAFLD observed in this cohort 
of PHIV, together with an 8% of fibrosis are extremely worrisome, and comparable to 
previous studies [53]. These findings emphasize the need to systematically screen for liver 
disease among PHIV, regardless of age or the presence of risk factors. According to our 
results, the absence of metabolic factors or abnormal liver enzymes does not rule out the 
possibility of NAFLD. Due to the bad performance of classic scores in this population, non-
invasive ultrasound techniques are nowadays the best option for screening, reserving biopsy 
for diagnosis confirmation when progression is suspected. Furthermore, non-invasive 
imaging techniques could be informative during the follow-up, and to evaluate long-term 
evolution. There is an urgent need to include liver assessment into routine clinical practice, to 
achieve a prompt diagnosis before the disease progresses to fibrosis or steatohepatitis. The 
development of new and more sensitive diagnostic procedures, as well as biomarkers to 
predict progression to severe forms of the disease is mandatory.  

Conclusion 

Larger and longitudinal studies addressing the evolution of liver disease in PHIV are needed. 
Clinicians should be aware of the risk and consider the need for screening. According to our 
results, the performance of scores based on clinical and analytical parameters for the 
identification of patients at risk is poor among youths. Despite their limitations, imaging 
techniques should be considered when available. As specific therapeutic measures are under 
research, intensifying prevention of metabolic risk factors since childhood seems mandatory 
to avoid future comorbidities. 
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Table 1. Characteristics of participants living with perinatally acquired HIV and HIV-
negative controls. Continuous variables are expressed as medians and interquartile rates. 
Frequencies are expressed as percentages (%). BMI: body mass index, y: years, NAFLD: 
non-alcoholic fatty liver disease, KPa: Kilopascals, kg: kilograms, cm: centimeters. 

Parameters PHIV (n=38) HIV-negative controls 
(n=38) 

p-value 

Age 

Median (IQR), y  

Range 

 

18.0 (14.9 - 24.2)  

6.9 – 33.5 

 

21.93 (14.9 – 27.0) 

6.1 – 33.7 

0.16 

Women (%) 22 (57.9) 23 (60.5) 0.82 

Origin (%) 

Spain 

Latinamerica 

Sub Saharan Africa 

Asia 

 

24 (63.2) 

5 (13.2) 

8 (21.1) 

1 (2.6) 

 

32 (84.2) 

4 (10.5) 

0 (0.0) 

2 (5.3) 

0.02 

Weight, kg 54.0 (44.6 – 60.3) 60.7 (48.9 – 72.3) 0.04 

Height, cm 158.0 (152.0 – 168.0) 169.3 (152.9 – 180.0) 0.02 

BMI 20.3 (18.4 – 23.6) 22.0 (19.4 – 23.5) 0.27 

Overweight 

(1< z-score <2DS or 
BMI > 25) 

6 (15.8) 7 (18.4) 

 

0.76 

Obesity  

≥2 SD z-score or BMI > 
30) 

1 (2.6) 

 

0 (0.0) 0.31 

Waist, cm 71.0 (65.0 – 77.0) 75.3 (68.1 – 81.0) 0.25 
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Hip, cm 87.5 (79.0 – 90.8) 90.0 (77.1 – 94.0) 0.44 

Waist-hip ratio 0.86 (0.79 – 0.91) 0.87 (0.83 – 0.92) 0.57 

NAFLD diagnosis by 
imaging techniques (%) 

11 (28.9) 3 (7.9) 0.02 

Fibrosis (%) 3 (7.9) 0 (0) 0.21 

FibroScan result, KPa 5.0 (4.2 – 5.6) 4.1 (3.6 – 5.1) 0.01 

 

 

Table 2. Characteristics of participants living with perinatally acquired HIV with and without 
NAFLD. 

Parameter NAFLD (n=11) No NAFLD (n=27) Univariate (p) 

Age, y 18.0 (11.3 – 26.6) 18.1 (15.8 – 23.3) 0.32 

Women, (%) 7 (63.6) 15 (55.6) 0.65 

Origin, (%) 

Spain 

Latinamerica 

Sub Saharan Africa 

Asia 

 

9 (81.8) 

2 (18.2) 

0 (0.0) 

0 (0.0) 

 

13 (48.2) 

3 (11.1) 

8 (29.6) 

3 (11.1) 

0.19 

BMI 23.3 (21.2 – 25.0) 19.1 (18.4 – 22.5) 0.04 

Overweight, z-score +1-2 SD 
or BMI > 25 (%) 

3 (27.3) 3 (11.1) 0.22 

Obese, z-score +2 SD or 
BMI > 30 (%) 

1 (9.1) 0 (0.0) 0.11 

Waist hip ratio 0.91 (0.87 – 0.94) 0.83 (0.77 – 0.89) 0.01 

FibroScan Value (kPa) 4.9 (3.9 – 6.4) 5.0 (4.5 – 5.6) 0.82 

Time since HIV diagnosis, y 15.3 (10.1 – 25.7) 15.0 (11.3 – 22.9) 0.64 
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CDC HIV Stage 

N 

A 

B 

C 

Unknown 

 

1 (9.1) 

6 (54.5) 

3 (27.3) 

1 (9.1) 

0 (0.0) 

 

1 (3.7) 

5 (18.5) 

8 (29.6) 

10 (37.0) 

3 (11.1) 

0.12 

HIV VL <50 copies/mL, (%) 11 (100.0) 

 

22 (81.5) 0.13 

CD4+ T-cells count 839 (680 - 1420) 845 (678 - 1182) 0.61 

CD4+ T-cells Nadir 302 (216 – 360) 393 (197 - 493) 0.32 

CD4+ T-cells Nadir < 200 
cells/mL 

1 (9.1) 

 

6 (22.2) 

 

0.37 

CD4/CD8+ T-cells Ratio 0.9 (0.6 – 1.1) 1.3 (1.0 – 1.7) < 0.05 

CD4/CD8 ratio < 1 4 (36.4)  5 (18.5)  0.21 

ART regimens since 
diagnosis 

5 (3 – 9) 3 (4 – 8) 0.76 

Current ART, (%)   0.09 

1 PI, (%) 

1 PI + 1 INSTI, (%) 

1 NNRTI + 1 INSTI, (%) 

2 NRTI + 1 INSTI, (%) 

2 NRTI + 1 PI, (%) 

2 NRTI + 1 NNRTI, (%) 

2 NNRTI + 1INSTI (%) 

2 (18.2) 

0 (0.0) 

1 (9.1) 

3 (27.3) 

1 (9.1) 

4 (36.4) 

0 (0.0) 

1 (9.7) 

2 (7.4) 

0 (0.0) 

14 (51.9) 

6 (22.2) 

2 (7.4) 

2 (7.4) 

 

Glucose (mg/dL) 80 (77 – 86) 82 (75 – 84) 0.68 

ALT (U/L) 17 (13 – 26) 22.0 (11.8 – 29.3) 0.61 
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AST (U/L) 18 (15 – 21) 22.5 (15.5 – 30.5) 0.16 

Altered Transaminases 0 (0.0) 0 (0.0)  

GGT (U/L) 18.5 (14.0 – 32.3) 17.5 (13.8 – 21.5) 0.65 

Cholesterol (mg/dL)  173 (138 - 181) 153 (132 – 174) 0.41 

Cholesterol > 200 mg/dL 1 (9.1) 4 (14.8) 0.64 

LDL (mg/dL) 101 (75 - 117) 83 (68 – 99) 0.16 

HDL (mg/dL) 45 (36 - 55) 50 (44 – 56) 0.16 

Triglycerides (mg/dL) 83 (63 - 144) 79 (57 – 122) 0.59 

Triglycerides > 150 mg/dL 2 (18.2) 4 (14.8) 0.80 

Platelets (cells/mm3) 311 (228 - 336) 254 (225 – 316) 0.28 

Bilirubin (mg/dL) 0.4 (0.4 – 57.0) 0.5 (0.4 – 16.5) 0.81 

HSI 33.2 (28.5 – 39.3) 27.8 (26.8 – 34.5) 0.01 

Altered HSI 3 (27.3) 2 (7.4)  0.38 

APRI 0.2 (0.1 – 0.2) 0.2 (0.2 – 0.3) 0.10 

Altered APRI 0 (0) 2 (7.4)  0.66 

FIB-4 0.3 (0.2 – 0.4) 0.4 (0.2 – 0.6) 0.48 

Altered FIB-4 0 (0) 0 (0)  

TyG 4.4 (4.3 – 4.7) 4.4 (4.2 – 4.6) 0.63 

Altered TyG 0 (0) 0 (0)  

Continuous variables are expressed as medians and interquartile rates. Frequencies are expressed as percentages 
(%). BMI: body mass index, V.L.: viral load, n: number, y: years, ART: antiretroviral treatment; NRTI: 
Nucleoside Reverse Transcriptase Inhibitors, NNRTI: Non-Nucleoside Reverse Transcriptase Inhibitors, P.I.: 
Protease Inhibitor, INSTI: Integrase Strand Transfer Inhibitors, ddI: didanosine, d4T: stavudine, AZT: 
zidovudine, ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, GGT: Gamma-glutamyl 
Transferase, HSI: Hepatic Steatosis Index; APRI: AST to Platelet Ratio Index; FIB-4: Fibrosis-4 score; TyG: 
Triglycerides and fasting glucose index; ULN: upper limit normality. 
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Table 3. Characteristics of PHIV diagnosed with NAFLD. 

Patient Gender Age 
(y) 

Tan
ner 

BMI  Wais
t hip 
ratio 

Fibrosis Nadir 
CD4 

CD4/C
D8 ratio 

CDC 
Stag
e 

AR
T 
(n) 

Altere
d HSI 

#1  F 17.8 V 24.2 
(N) 

0.91 F0-F1 340 0.31 A 4 Und 

#2 M 11.3 II 23.4 
(O) 

0.94 F0-F1 217 1.27 A 5 No 

#3  F 10.5 I 25.0 
(O) 

0.91 F0-F1 402 0.92 N 3 Und 

#4  F 9.2 I 17.6 
(N) 

0.84 F0-F1 328 1.02 A 1 U 

#5  F 18.0 V 23.2 
(N) 

U F0-F1 360 0.86 A 2 Yes 

#6  M 18.0 V 26.8 
(O) 

1.07 F0-F1 302 0.74 A 4 U 

#7  M 26.1 V 21.9 
(N) 

0.89 F0-F1 158 U C 9 No 

#8  F 26.6 V 21.2 
(N) 

U F0-F1 200 U A 9 Und 

#9  F 33.5 V 18.2 
(N) 

0.87 F0-F1 216 U B 12 No 

#10  M 27.8 V 43.3 
(Ob) 

U F2 291 U B 10 Yes 

#11  F 26.0 V 23.3 
(N) 

U F0-F1 639 U B 7 Yes 

Continuous variables are expressed as medians and interquartile rates. F: female, M: male, 
BMI: body mass index, PNPLA3: patatin-like phospholipase domain-containing 3 protein, 
ART: historical number of antiretroviral treatments used since HIV diagnosis, y: years, n: 
number, N: normal BMI, O: overweigh, Ob: obesity, Und: Undetermined; U: unknown. 
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