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Abstract

Background—We determined the prevalence and incidence of liver dysfunction prior to and 

after initiation of combination antiretroviral therapy (cART) in the TREAT Asia Pediatric HIV 

Observational Database (TApHOD).

Methods—Data from children initiated on cART between 2–18 years of age with baseline 

alanine aminotransferase (ALT) available prior to and at least once after cART initiation in 

TApHOD between 2008–2012 were analyzed. Prevalence and incidence of liver dysfunction, and 

biomarkers including the aspartate aminotransferase (AST) to platelet ratio index (APRI) and 

FIB4 index were assessed.
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Results—Data from 1930 children were included. Their median age was 6.9 years; 49% were 

male; 98% were perinatally infected; and 94% were initiated on non-nucleoside reverse 

transcriptase-based cART regimens. Prior to cART, the prevalence of ALT ≥ 3 times the upper 

limit of normal (*ULN) was 5.8%. There were 8.5% of children with APRI >1.5 (suggestive of 

liver fibrosis), and 2.7% with FIB4 index >1.3 (predictive of possible cirrhosis). Among the 1143 

cases with normal baseline ALT (≤1*ULN), the incidence of ALT 3*ULN after cART was 

1.19/1000 person-months (95% CI 0.93–1.51). Two of 350 with available tests (0.6%) met Hy’s 

law (ALT >3*ULN and total bilirubin >2*ULN). By multivariate analysis, baseline hemoglobin 

<7.5 g/dL was a predictor of ALT >3*ULN, while age 5–9 years at cART initiation was protective 

for liver dysfunction.

Conclusions—We demonstrated a low prevalence and incidence of liver dysfunction before and 

after cART initiation in children with normal baseline chemistries. In this population facing life-

long cART, prospective surveillance for emergence of liver disease is warranted.
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Introduction

Although the risk of AIDS-defining illnesses has decreased in the era of combination 

antiretroviral therapy (cART), this has been replaced by other long-term complications 

causing morbidity and mortality [1]. Despite hepatitis B and C being endemic in the Asia-

Pacific, previous studies in children with HIV have reported lower prevalence of clinically 

diagnosed liver disease and hepatitis B or C co-infections compared to adults [2–5].

Interpreting whether an abnormal liver chemistry value is related to medications, 

comorbidities, or HIV infection itself can be difficult, and symptomatic children generally 

receive no further evaluation. This is a particular concern in resource-limited settings, where 

most children were initiated on non-nucleoside reverse transcriptase-based regimens with 

known hepatotoxicity [6,7].

When liver disease is suspected, non-invasive screening methods like the FibroScan® [8] 

may be beneficial, but in many circumstances are prohibitively expensive and/or not 

accessible for children. Combination biomarkers such as the aspartate aminotransferase 

(AST)/ALT ratio, AST-to-platelet ratio index (APRI) and FIB4 index, have been reported as 

potentially useful for predicting hepatic fibrosis in children with non-alcoholic fatty liver 

disease [9], chronic viral hepatitis [10], chronic liver disease from various etiologies [11], as 

well as among perinatally HIV-infected Latin-American children [12]. A recent US study 

has reported low level APRI elevations prior to cART, with increasing levels over time on 

ART in perinatally HIV-infected children [13].

The primary aim of this study was to determine the prevalence of liver dysfunction in a 

regional cohort of children and adolescents with HIV prior to cART. The secondary aims 

were to describe available biomarkers of liver disease, to determine the incidence of liver 

dysfunction, and to explore predictors of liver dysfunction after cART.
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Patients and Methods

In this retrospective data analysis, the population included patients from 18 clinical sites in 

six Asian countries participating in the TREAT Asia Pediatric HIV Observational Database 

(TApHOD), which is a multicenter study of children and adolescents living with HIV in 

Asia, enrolled before 18 years of age. The cohort was established in 2008; both retrospective 

and prospective data have been collected [14]. Data transfer to a central data management 

and biostatistic analysis center is performed at 6-monthly intervals. Data transferred up to 

September 2012 were used for this analysis.

The following inclusion criteria were applied: 1) children and adolescents with confirmed 

diagnosis of HIV infection, 2) aged ≤ 18 years at the time of first-line cART initiation, 3) 

receiving cART - defined as a regimen of ≥ 3 antiretroviral agents, and 4) with baseline 

ALT tests within six months prior to cART. Children who had previously been treated with 

either mono- or dual-nucleoside reverse transcriptase inhibitor regimens were excluded.

Liver dysfunction was characterized as a pre-defined chemistry elevation above the upper 

limit of normal (ULN). For this analysis, we considered transaminase levels reflecting liver 

injury or inflammation as a marker of liver dysfunction. The baseline prevalence of liver 

dysfunction was presented as the frequency of abnormalities within six months prior to 

cART initiation, calculated by dividing the number of children with abnormal baseline lab 

values by the total number of children with available lab values. The incidence of new liver 

dysfunction after cART initiation was presented as the frequency of post-cART liver 

chemistry abnormalities among children with normal baseline ALT (<1*ULN) and at least 

one follow-up ALT test. The first increase in the specific parameters that met or exceeded 

threshold levels was counted, and the total follow-up time in person-months was used as the 

denominator. Person-months were applied instead of person-years, as the expected outcome 

could be seen within months after cART.

Normal ranges for liver chemistry values were referenced from the Harriet Lane Handbook 

19th edition [15]. The Division of AIDS Table for Grading the Severity of Adult and 

Pediatric Adverse Events, Version 1.0 (December 2004) was used to assess the severity of 

abnormal laboratory parameters [16]. For ALT, elevations of ≥ 3*ULN at baseline and 

increases of ≥ 1*ULN, 3*ULN, and 5*ULN were evaluated. Calculating incidence by 

assessing fold changes from baseline values has been proposed by previous studies as a 

more sensitive indicator for liver injury [17,18]. For alkaline phosphatase (ALP) and total 

bilirubin (TBIL) we considered fold changes compared to absolute values. The number of 

cases who met Hy’s law, a validated predictor of serious drug-induced liver injury defined 

as ALT >3*ULN and TBIL >2*ULN [19,20], was also assessed. Other selected biomarkers 

included the AST/ALT ratio, APRI, and FIB4 index. AST/ALT ratios were calculated for 

each participant; a value of >0.7 denotes potential liver fibrosis [21]. The APRI was 

calculated by the formula ([AST/upper limit of normal]/platelet count [109/l]) × 100; a value 

of >1.5 suggests liver fibrosis [22,23]. The FIB4 Index was calculated by age × AST level/

platelet count × √ALT; a value of ≤ 1.3 has been reported to have a 90% negative predictive 

value for cirrhosis [24].
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Statistical analysis

Demographic characteristics of study participants were summarized by descriptive statistics. 

The following variables were included: age, sex, race, route of HIV acquisition, weight, 

height, body mass index, history of opportunistic infection, WHO staging/CDC category, 

CD4 lymphocyte count, HIV RNA level, cART regimen, duration on cART, viral hepatitis 

markers (HBsAg, HBeAg, anti-hepatitis C antibody), and hemoglobin. Liver-related 

laboratory results included ALT, AST, platelet count, ALP, and TBIL. Continuous variables 

were reported using means (standard deviation, SD) and/or medians (interquartile range; 

IQR), and categorical data were described in numbers and proportions. Age was categorized 

into four groups (<5, 5-<9, 9-<12, and 12–18 years). Height-for-age z-scores were 

calculated using the 2006 WHO child growth standards and macros reference for ages 2–5 

years, and 2007 reference for ages 2–19 years [25,26]. Weight-for-age z-scores were 

calculated using the WHO child growth standards and macros for 1977 [27]. Stata version 

12 (StataCorp. 2011. Stata Statistical Software: Release 12. College Station, TX: StataCorp 

LP) was used for all statistical analyses.

Predictors of severe liver chemistry abnormalities were analyzed by Cox survival analyses 

stratified by study site and Kaplan-Meier curves. ALT ≥ 3*ULN was used as a dependent 

outcome variable. Time-to-event was measured from cART start until the first occurrence of 

abnormal liver chemistries; in cases with no abnormal liver chemistries, time to censoring 

was measured from cART start until the date of the last available ALT test. Nevirapine 

(NVP) use was modeled as a time-updated variable with a lag time of 28 days after cessation 

to account for the drug’s long washout period. In order to improve the chance of retaining 

meaningful confounders, we selected potential predictors based on a significance level of 

<0.2 in the univariate analyses to be included in the multivariate models. Predictors were 

considered as significant in the multivariate model if they exhibited a p-value <0.05.

Results

Demographic data of overall study participants

Data from 1930 children who met the inclusion criteria were included as a prevalence 

population. Their characteristics are shown in Table 1. The median age was 6.9 years (IQR 

4.5–9.4); 49% were male, and 46% were Thai. Almost all (98%) were perinatally infected. 

Prior to cART initiation, 58.3% were in WHO stage 3 or 4; their median CD4 lymphocyte 

count was 171 (IQR 41–389) cells/mm3, and 428 of 698 (61.3%) of children with HIV RNA 

results available had HIV RNA level ≥5.0 log10 copies/mL. Twenty-four of 506 tested for 

HBsAg were positive (4.7%), and 15 of 423 had positive hepatitis C antibody tests (3.5%). 

The first-line cART regimens used were NVP-based in 62%, efavirenz (EFV)-based in 32%, 

and protease inhibitor (PI)-based in 6%; varieties of dual-nucleoside reverse transcriptase 

inhibitor (NRTI) backbones were used. Sixty-six percent of all children received NVP as a 

part of their first line cART regimen.

Prevalence

The prevalence of liver dysfunction and abnormal biomarkers of liver disease prior to cART 

are shown in Table 2. The prevalence of liver chemistry abnormalities were 5.75% for ALT 
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>3*ULN, 1.87% for ALT >5*ULN, and 0.27% for ALT >8*ULN. None met Hy’s law pre-

cART. The prevalence of ALP >2*ULN was 1.76%. The median AST/ALT ratio was 1.51 

(IQR 1.18–2.13). Almost all study participants (97.8%) had AST/ALT ratios >0.7. The 

median APRI prior to cART was 0.34 (IQR 0.18–0.63); the prevalence of APRI >1.5 was 

8.5%. Twenty-two of 820 children (2.83%) had a FIB4 index >1.3.

Among the 24 cases known to be HBs Ag-positive, 16 of 24 (66.67%) had ALT ≥ 1*ULN, 2 

of 24 (8.33%) had ALT ≥ 3*ULN, and 2 of 11 (18.18%) had APRI >1.5 prior to cART. 

Among the 15 children with positive anti-HCV tests, 5 of 15 (33.33%) had ALT ≥1*ULN, 

none had ALT ≥ 3*ULN, and 1 of 9 (11.11%) had APRI >1.5 prior to cART.

Incidence

The 1143 children with baseline ALT <1*ULN and follow-up ALT testing available after 

cART initiation were included as an incidence population. Incidence of liver dysfunction 

and abnormal biomarkers of liver disease after cART are shown in Table 3. The incidence of 

liver dysfunction after cART initiation was 1.19 (95% CI 0.93–1.51) per 1000 person-

months for ALT 3*ULN, and 0.40 (95% CI 0.27–0.61) for ALT 5*ULN. The frequency of 

ALT >3*baseline value (259/1143, 22.7%) was almost four times higher than the frequency 

of ALT >3*ULN (66/1143, 5.8%) after cART initiation. The median time to ALT 

>3*baseline value was 37.8 months (IQR 16.0–63.3) and ALT >3*ULN was 45.3 months 

(IQR 24.2–70.2). Two of 350 cases with available ALT and TBIL (0.6%) had ALT ≥ 

3*ULN and TBIL ≥ 2*ULN.

Of the 852 children with available AST and ALT, 845 (36.3%) had AST/ALT ratios >0.7. 

Of these, 96% had AST/ALT ratios >1.0. The incidence of AST/ALT ratio >0.7 was 63.7 

per 1000 person-months (95% CI 59.5–68.1). The incidence of APRI >1.5 was 0.77 per 

1000 person-months (95% CI 0.53–1.13); among the 27 cases with APRI >1.5 after cART, 

13 had HIV RNA results available within three months, of which 5 (38%) had HIV RNA 

levels >400 copies/mL. The incidence of FIB4 index >1.3 was 0.44 per 1000 person-months 

(95% CI0.41–0.47). There were five cases all with FIB4 scores >1.3, APRI scores >1.5, and 

AST/ALT ratios >1.0. Their ages ranged between 4.0–10.5 years, three were male, three 

were WHO stage 3 prior to cART, and hepatitis B infection status was negative in two (the 

other three had no hepatitis B testing reported).

Two cases met Hy’s law after cART initiation (2 of 1143, 0.17%; 0.11 per 1000 persons-

months). One was a 3.7-year-old girl with CD4 cell count 507 cells/mm3 and 14.9%, 

hemoglobin (Hb) <7.5 g/dL, and in WHO stage 3 prior to cART. The second was a 6.4-year-

old boy with CD4 cell count 756 cells/mm3 and 19%, and in WHO stage 2 prior to cART. 

Both had unknown hepatitis B serostatus, HIV RNA level >5.0 log10 copies/mL, and normal 

baseline ALT.

Predictors of elevated ALT after cART initiation

The univariate analysis identified multiple associations with ALT ≥ 3*ULN after cART 

initiation, including grade 3 or 4 anemia prior to cART (hazard ratio, HR 3.33, 95% CI 

1.39–7.94, p=0.01), height-for-age z-score < −1.5 (HR 2.40, 95% CI 1.03–5.63, p= 0.04), 

and being female (HR 1.74, 95% CI 1.04–2.91, p=0.03). Being aged 5– <9 years at cART 
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initiation was associated with a lower risk for ALT ≥ 3*ULN when compared to those aged 

2– <5 years (HR 0.47, 95%CI 0.27–0.83, p=0.01). However, in multivariate analysis, only 

pre-cART grade 3 or 4 anemia remained a significant risk (HR 2.96, 95%CI 1.22–7.18, 

p=0.02), and age 5– <9 years at cART initiation remained a protective factor for ALT ≥ 

3*ULN (HR 0.48, 95%CI 0.27–0.54, p=0.01). Older age was not protective: age 9-<12 years 

(HR 0.62, 95% CI 0.28–1.37, p=0.24), and age ≥ 12 years (HR 0.82–95% CI 0.28–2.41, 

p=0.72).

For ALT ≥ 3*baseline, both the univariate and multivariate analyses showed that grade 3 or 

4 anemia prior to cART (HR 3.02, 95% CI 1.76–5.18, p<0.01) and being female (HR 1.41, 

95% CI 1.09–1.82, p=0.01) were significant risk factors. NVP use analyzed as a time-

updated variable was not associated with increased ALT after cART (HR 1.03, 95% CI 

0.55–1.92, 9=0.93). Kaplan-Meier survival estimates for risk of ALT elevation by baseline 

anemia status are shown in Figure 1.

Discussion

In this study we described the overall prevalence of liver dysfunction prior to cART, the 

incidence of liver dysfunction after cART initiation, as well as patterns of liver disease 

biomarkers in HIV-infected children in our regional cohort. For perinatally HIV-infected 

children in resource-limited settings who are now growing up into adolescence, there remain 

concerns about the potential toxicities of life-long HIV and cART on organ function; 

especially when known hepatotoxic medicines have been used in the setting of severe 

immunosuppression. Liver chemistries and related biomarkers represent a more accessible 

surrogate method of assessing liver dysfunction when compared to other non-invasive 

methods (e.g., liver FibroScan® and ultrasonography), and merit additional study.

The prevalence of ALT elevations in our study were comparable to a previous report from 

HIV-infected children aged ≥ 18 years participating in pediatric HIV trials conducted by 

GlaxoSmithKline between 1995–2009 [28]. However, only 0.6% of 312 children included in 

their study were Asian. Children were included in that analysis regardless of their treatment 

status, and the prevalence of ALT elevations ≥ 3*ULN was 5.13% and ≥ 5*ULN was 

2.24%. A study in South Africa reported a prevalence of grade 1 or 2 elevated ALT (1.25–

5*ULN) in 32% of HIV-infected children prior to treatment, which may be related to 

relatively greater HIV disease severity, as 74% of them were in WHO stage 3 or 4 [29].

After cART initiation, only two children (0.17%) in our cohort met Hy’s law, which is a 

safety biomarker predicting serious hepatotoxicity [30]. The lower than expected incidence 

of ALT elevations may reflect the incomplete data capture of early transient liver enzyme 

elevations due to less frequent monitoring at some of the clinical sites. In general NVP-

induced hepatotoxicity related to hypersensitivity reaction observed was around 10% [31], 

usually seen within the first six weeks.

We found ALP ≥ 2*ULN in 1.76% of all children prior to cART, which was lower than the 

6.23% previously reported among HIV-infected children in a similar age group [28]. The 

difference may be related to extrahepatic sources of ALP, as a large proportion of HIV-
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infected children in our cohort had growth delay at the time of cART initiation. In addition, 

1.74% of children had TBIL ≥ 2*ULN at baseline, which was more than four times higher 

than the 0.35% reported in the GlaxoSmithKline study [28]. Ineffective erythropoiesis due 

to chronic HIV or hemolytic disorders (e.g., hemoglobinopathies) could be possible 

explanations for increased bilirubin prior to cART in our predominantly Southeast Asian 

pediatric cohort [19].

Multivariate analysis showed that grade 3 or 4 anemia was significantly associated with 

ALT elevation ≥ 3*ULN after cART initiation. Nevertheless, in this study we had only 4% 

of children with grade 3–4 anemia. They might have had more advanced HIV disease, 

concomitant infection, and/or malnutrition making them less able to compensate for 

physiologic stressors associated with inflammatory responses to initial treatment; moreover 

they might also have received other hepatotoxic medications at the time of cART initiation. 

Although being aged between 5– <9 years at the time of cART initiation was likely to be a 

protective factor, this may not be a meaningful finding, as two-thirds of our study 

participants were in this age range and were likely to be slower disease progressors.

AST/ALT ratios >1 are highly suggestive of advanced liver disease in adult patients with 

chronic hepatitis [32]. We found that almost all of our study participants had AST/ALT 

ratios >1. An Italian study has shown that mean AST/ALT ratio was 0.9 ± 0.5 among HIV-

uninfected children with steatohepatitis vs. 0.7 ± 0.3 among children without liver fibrosis 

(p=0.05) [21]. Although these tests are widely accessible and less costly methods of 

monitoring for liver dysfunction, an increased ratio may not be a reliable screening method 

due to its lower specificity; otherwise a higher cut-off may be needed to identify HIV-

infected children with potential liver disease.

In a French study among children with chronic liver disease who underwent liver biopsy, the 

APRI was found to correlate significantly with METAVIR stages used in liver fibrosis 

assessment; the receiver operator curve indicated 73% diagnostic accuracy for cirrhosis [11]. 

In this study we found 8.5% of children had an APRI >1.5 pre-cART, with an incidence of 

0.77 per 1000 person-months among those with a normal baseline ALT after starting 

treatment. Our baseline prevalence and incidence of elevated APRI after cART were higher 

than the levels reported in a perinatally HIV-infected US pediatric cohort (i.e., 0.8% and 0.5 

per 100 persons-years, respectively) [13]. Our median APRI (0.34, IQR 0.18–0.63) was 

slightly higher than that reported from an observational cohort of 1012 children with HIV at 

a median age 5.4 years from five Latin-American countries (0.29, range 0.05–29.67) [12]. In 

their study 85% of children were on cART and only 3.2% of children had an APRI >1.5; 

less well-controlled HIV including significant higher mean HIV RNA, higher proportion of 

cases with non-suppressed HIV RNA, and lower mean CD4 count were reported among 

children with elevated APRI [12]. In this study we were unable to evaluate for an 

association between virologic control and APRI as only half the patients had HIV RNA 

results available within three months of the laboratory testing used in the APRI calculation.

The FIB4 index is a combination of several standard biochemical values (platelets, ALT, 

AST) and age that enables identification of patients with severe fibrosis and cirrhosis (F3–

F4 in METAVIR scale for liver pathology), according to published ranges to define mild, 

Aurpibul et al. Page 7

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



moderate and advanced disease [33]. In this study we found 2.68% of children had FIB4 

indexes >1.3 prior to cART. Among those with normal baseline ALT, there were six 

children who developed FIB4 indexes >1.3 during cART follow-up. A study by Yang et al., 

among children with non-alcoholic fatty liver disease at the median age of 12.2±2.3 years 

showed that FIB4 and APRI were the two markers which were significantly different 

between those with and without significant fibrosis [9]. To generalize its use among 

pediatric patients across the age and developmental spectrum, further study would be needed 

to justify the cut-off values of the FIB4 index.

There were several limitations in our study. This was a retrospective analysis of pooled data 

from multiple sites that had inconsistent laboratory monitoring and pharmacovigilance 

practices; with different treatment protocols, transient liver enzyme elevations may have 

been missed due to less frequent monitoring practices. The analysis cohort also likely 

represents a survivor cohort, as the median age at cART initiation was in early childhood, 

and those who were younger and severely ill may have died before cART could be initiated. 

Our findings serve as a baseline representation of our cohort’s liver biochemistry 

dysfunction and may be used to guide future hepatitis screening and liver function testing.
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Figure 1. Kaplan-Meier curves for risk of severe liver dysfunction after cART initiation in 
participants with and without baseline grade 3/ 4 anemia. A) ALT >3*ULN as an outcome, and 
B) ALT >3*baseline as an outcome
ALT-alanine aminotransferase; ULN-upper limit of normal; cART-combination 

antiretroviral treatment.
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Table 1

Baseline characteristics of study participants prior to antiretroviral treatment

Characteristics Prevalence population
n=1930

Incidence population
n=1143

Age (years)

 mean (SD) 7.2 (3.4) 7.5 (3.3)

 median (IQR) 6.9 (4.5–9.4) 7.3 (4.8–7.7)

 2– <5 years 592 (30.7) 304 (26.6)

 5– <9 years 789 (40.9) 489 (42.8)

 9– <12 years 342 (17.7) 216 (18.9)

 ≥12 years 207 (10.7) 134 (11.7)

Male 946 (49) 557 (48.7)

Ethnicity

 Thai 889 (46)

 Vietnam 428 (22)

 Indian 93 (5)

 Malaysian 77 (4)

 Indonesian 73 (4)

 Chinese 28 (2)

Route of HIV acquisition

 perinatal 1844 (98.3) 1097 (98.6)

 others 32 (1.7) 16 (1.7)

Weight-for-age z-score

 mean (SD) −2.80 (2.09) −2.63 (1.88)

 median (IQR) −2.52 (−3.86 – −1.40) −2.38 (−3.49 – −1.39)

 < −2.5 951 (50.9) 530 (47.7)

  −1.5 to −2.5 419 (22.4) 277 (24.9)

 ≥ −1.5 499 (26.7) 305 (27.4)

Height-for-age z-score

 mean (SD) −2.40 (1.40) −2.29 (1.33)

 median (IQR) −2.36 (−3.30 – −1.51) −2.25 (−3.16 – −1.45)

 < −2.5 828 (46.0) 463 (42.9)

 −1.5 to −2.5 526 (29.2) 328 (30.4)

 ≥ −1.5 446 (24.8) 287 (26.6)

WHO category prior to cART initiation

 1 or 2 700 (41.6) 793 (69.6)

 3 or 4 982 (58.3) 346 (30.4)

Hemoglobin (g/dL)

 <7.5 67 (4.1) 33 (3.3)

 ≥7.5 1553 (95.9) 969 (96.7)

CD4 cell count (cells/mm3)

 mean (SD) 291 (448) 314 (383)

 median (IQR) 171 (41–389) 202 (54–436)
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Characteristics Prevalence population
n=1930

Incidence population
n=1143

 <200 875 (54.4) 481 (49.6)

 200– <500 441 (27.5) 288 (29.7)

 ≥500 292 (18.2) 201 (20.7)

Log10 VL (copies/mL)

 mean (SD) 4.93 (0.96) 4.84 (0.99)

 median (IQR) 5.09 (4.70–5.53) 5.03 (4.61–5.48)

 VL ≥5.0 (log10 copies/mL) 428 (61.3) 271 (57.8)

 VL <5.0 (log10 copies/mL) 270 (38.7) 198 (42.2)

Data are in number (%) or mean (SD), or median (interquartile range) as appropriate.

SD-standard deviation; IQR-interquartile range; cART-combination antiretroviral treatment; VL-viral load.
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Table 2

Prevalence of liver dysfunction prior to cART

Liver threshold/biomarker na/nb or median (IQR) %

ALT≥1*ULN 685/1930 35.49%

ALT≥3*ULN 111/1930 5.75%

ALT≥5*ULN 36/1930 1.87%

ALT≥8*ULN 16/1930 0.83%

ALT≥3*ULN & Total Bilirubin≥2*ULN 0/403 0.00%

ALP≥3*ULN 3/398 0.75%

TBIL≥2*ULN 7/403 1.74%

AST/ALT ratio>0.7 1199/1226 97.80%

AST/ALT ratio>1.0 1098/1226 89.56%

Median (IQR) AST/ALT ratio 1.51 (1.18–2.13)

APRI >0.5 322/988 32.59%

APRI >1.5 84/988 8.50%

Median (IQR) APRI score 0.34 (0.18–0.63)

FIB4 index >1.3 28/988 2.83%

Median (IQR) FIB4 index 0.14 (0.06–0.25)

a
Number of children with threshold enzyme elevations.

b
Total number of children with the laboratory tests obtained at baseline.

cART- combination antiretroviral therapy; IQR-interquartile range; ULN-upper limit of normal; ALT-alanine aminotransferase; AST-aspartate 
aminotransferase; ALP-alkaline phosphatase; TBIL-total bilirubin; APRI: AST to Platelet Ratio Index calculated from ([AST/upper limit of 

normal]/platelet count [109/l]) × 100; FIB4 index: calculated from age × AST level/platelet count ×√ALT.
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