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Abstract

Background: Non-alcoholic Fatty Liver Disease (NAFLD) has a high prevalence among
patients with HIV infection. Since Integrase Strand Transfer Inhibitors (INSTIs) are used
worldwide and have been associated with weight gain, we must determine their effect in
the development of NAFLD and Non-alcoholic Steatohepatitis (NASH) in these patients.
The aim of this study was to explore the impact of INSTIs in the development of liver
steatosis and fibrosis in the patient with HIV infection, using Hepatic Steatosis Index

(HSI), Fibrosis-4 Index (FIB-4), BARD score and NAFLD Fibrosis Score (NFS).

Methods: We performed a monocentric, retrospective cohort study in HIV-monoinfected
cART-naive patients that initiated INSTI based regimens between December 2019 and
January 2022. Data was collected at baseline, 6 and 12 months after initiation.
Demographic, clinical and laboratory characteristics, hepatic steatosis, and fibrosis
scores were compared between baseline and last visit at 12 months. Linear regression
models were performed to analyse the associations between analytical data at baseline
and hepatic scores variation during the 12 months of treatment. Models were performed

unadjusted and adjusted for age and sex.

Results: 99 patients were included in our study. Eighty-two percent were male and
median age was 36 years. We observed a significant increase in body mass index (BMI),
HDL, platelet count, albumin, and creatinine and a significant decrease in AST levels.
HSI showed no statistically significant differences during follow-up (p=0.114). We
observed a significant decrease in FIB-4 (p=0.007) and NFS (p=0.002). BARD score
showed a significant increase (p=0.006). The linear regression model demonstrated a
significant negative association between baseline HIV RNA and FIB-4 change (= -0.08,
95% CI [-0.16 to -0.00], p=0.045), suggesting that higher HIV RNA loads at baseline

were associated with a greater decrease in FIB-4.

Conclusion: INSTIs seem to have no impact on hepatic steatosis, even though they
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were associated with a significant increase in BMI. This might be explained by the direct
effect of a dolutegravir-containing regimen and/or by the “return-to-health effect’
observed with cART initiation. Furthermore, INSTIs were associated with a reduction in
risk of liver fibrosis in HIV-monoinfected patients, possibly due to their effect on viral

suppression.

Keywords: HIV, integrase strand transfer inhibitors, non-alcoholic fatty liver disease,

steatosis, liver fibrosis.
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Background

Improvements in Human Immunodeficiency Virus (HIV) infection treatment has shifted
the priorities in the clinical care of patients with this infection. Due to the increased access
to combined Antiretroviral Therapy (CART), mortality amongst HIV-positive people has
declined and life expectancy has been approaching that of the general population. Even
though it remains the leading cause of death in this group of patients, Acquired
Immunodeficiency Syndrome (AIDS)-related mortality has decreased, hence increasing
the importance of non-AIDS related morbidities, such as non-AIDS cancers, liver

disease, cardiovascular diseases, and stroke. (1, 2)

Non-alcoholic Fatty Liver Disease (NAFLD) is characterized by evidence of hepatic
steatosis, without secondary causes for hepatic fat accumulation, and is related to
metabolic comorbidities. NAFLD is divided into two categories, Non-alcoholic fatty liver
(NAFL) and Non-alcoholic Steatohepatitis (NASH). NAFL is defined as the presence of
steatosis in 25% of hepatocytes without hepatocyte ballooning. NASH is defined as the
presence of steatosis in 25% of hepatocytes and inflammation with hepatocyte injury,

associated or not to fibrosis. (3)

Although the true prevalence of NAFLD in the HIV infected patient is still unknown,
Maurice et al. showed a prevalence of NAFLD and NASH, in these patients, of 35% and
42%, respectively. (4) According to Vodkin et al., there is a higher proportion of NASH
and features of more severe liver injury in patients with HIV-associated NAFLD, when
compared with patients with primary NAFLD, despite having similar metabolic

characteristics. (5)

Multiple risk factors have been associated with the development of NAFLD in the HIV
infected patient. These include factors that also have an association with NAFLD in the
general population, such as sex, obesity, hypertriglyceridemia, and insulin resistance.

However, factors associated with HIV itself, such as lipodystrophy and cART, contribute
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to the disease as well. (6)

Previous studies have suggested the contribution of CART in the development of hepatic
steatosis, due to its metabolic side effects. (7) In particular, various HIV protease
inhibitors (PIs) have been associated with higher levels of insulin resistance. Most PIs,
some Non-Nucleoside Reverse-Transcriptase Inhibitors (NNRTIs) such as efavirenz and
some Nucleoside/nucleotide Reverse-Transcriptase Inhibitors (NRTIs) such as abacavir
have been related to dyslipidemia. Stavudine and didanosine have been shown to induce

mitochondrial toxicity, which also contributes to the development of NASH. (8)

Bischoff et al., demonstrated that the use of Integrase Strand Transfer Inhibitors (INSTIs)
and/or Tenofovir-alafenamid (TAF) contributes to the occurrence of hepatic steatosis and

progression to NASH, in the context of increased body weight. (9)

Liver biopsy is the gold standard for identifying both NASH and NAFLD. However, it has
various limitations, as it is an invasive procedure with high costs, low acceptability, and
sampling variability. Therefore, multiple non-invasive strategies have been studied and
developed, as alternatives to this technique, including blood biomarkers and imaging
techniques. (10) Scores based on blood biomarkers available to diagnose or grade
steatosis include the Hepatic Steatosis Index (HSI), and to stage fibrosis include NAFLD
Fibrosis Score (NFS) and BARD, which are more specific of NAFLD, and Aspartate
Transaminase (AST)/Alanine Transaminase (ALT) Ratio and Fibrosis-4 Index (FIB-4),

which have been developed in the context of hepatitis C. (11)

According to EASL-EASD-EASO Clinical Practice Guidelines for the management of
non-alcoholic fatty liver disease, NFS, FIB-4, Enhanced Liver Fibrosis (ELF) or FibroTest
calculation should be performed in every NAFLD patient to exclude significant fibrosis. If
fibrosis is not excluded, then transient elastography should be performed. Only if this
exam confirms significant fibrosis, should liver biopsy be done in order to establish the
final diagnosis. (12)

Currently, INSTIs are recommended worldwide as first line treatment in HIV infection.

4
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(13) With the growing number of patients under this treatment and the high prevalence
of liver disease in the HIV infected patient, it becomes essential to determine the effect

of these drugs in the development of NAFLD and liver fibrosis.

Therefore, we performed a retrospective cohort study with the aim of evaluating the
impact of INSTIs in the risk of developing liver steatosis and fibrosis, using HSI, FIB-4,

BARD and NFS indexes, in the patient with HIV infection.

Methods

Subjects

We performed an observational monocentric, retrospective cohort study in HIV-infected
patients followed at the Infectious Diseases Outpatient Clinic of Centro Hospitalar
Universitario de Sao Jodo. This study included all treatment-naive adults (age = 18
years) that initiated an INSTI based regimen between December 2019 and January 2022
and maintained it during at least 12 months. Patients with reported Hepatitis C Virus
(HCV) and/or Hepatitis B Virus (HBV) infection, pregnant at the beginning or during
follow-up and with excessive alcohol use were excluded. This study was approved by
the Ethics Committee for Health of Centro Hospitalar Universitario de Sdo Jodo and the

requirement for a signed informed consent was waived.

Clinical assessment

For each patient the following information was collected: demographic data (age, sex),
clinical comorbidities, duration of HIV infection, HIV infection risk factors, duration of
cART, cART regimen and characterization of the infection. We used the “Centers for
Disease Control and Prevention” (CDC) criteria for classifying the degree of the infection.
(14) Weight and height were measured in routine consultation at baseline, before starting

CART, and during follow-up. These data were collected through clinical records stored at

5
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Laboratory analysis

Serum samples were tested at baseline, before starting CART (T0), and six months (T6)
and twelve months (T12) after initiating CART. CD4* T cell count, type 1 HIV Ribonucleic
Acid (RNA), platelet count, albumin, AST, ALT, total bilirubin, total cholesterol, High-
density Lipoprotein (HDL) cholesterol, Low-density Lipoprotein (LDL) cholesterol,
Triglycerides (TG), fasting glucose, creatinine, uric acid, and C Reactive Protein (CRP)

levels were retrieved from clinical records through the hospital’s electronic platform.

Hepatic steatosis and fibrosis evaluation

The HSI values were calculated automatically using the formula: 8 x (ALT/AST ratio) +
Body Mass Index (BMI) (+2, if female; +2, if diabetes mellitus). The categories
considered were NAFLD ruled out with HSI<30.0 and NAFLD detected with HSI>36.0.

(15)

The FIB-4 values were calculated automatically using the formula: age (years) x AST
[U/]] / (platelets [10%1] xv (ALT [U/I])). FIB-4<1.45 was considered as no or moderate
fibrosis (FO-F1-F2-F3), and FIB-4 > 3.25 was considered as extensive fibrosis or cirrhosis

(F4-F5-F6) (in the ISHAK classification of fibrosis). (16)

The BARD score was calculated as BMI 228 kg/m2 (1 point) + AST/ALT ratio 20.8 (2
points) + presence of diabetes (1 point). The categories considered were low risk of

advanced fibrosis (0-1 score) or high risk of advanced fibrosis (2-4 score). (17)

The NFS values were calculated automatically using the formula: -1.675 + (0.037 x age
[years]) + (0.094 x BMI [kg/m2]) + (1.13 x IFG/diabetes [yes = 1, no = Q]) + (0.99 x

AST/ALT ratio) — (0.013 x platelet count [x10%L]) — (0.66 x albumin [g/dl]). We divided
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NFS<-1,455, intermediate risk with NFS between -1,455 and 0,672 and high risk with

NFS>0,672. (11)

Statistical analysis

Demographic, clinical and laboratory characteristics and hepatic steatosis and fibrosis
scores were compared between baseline and last visit at 12 months. Categorical
variables were presented as absolute and relative frequencies. Continuous variables
were expressed as means (standard deviation), if normally distributed, or as median (25"
to 75" percentile), if non-normally distributed. Variables with skewed distribution were

transformed to their natural logarithm.

Persons with missing baseline or follow-up data for the variables needed to calculate

each score were excluded from the analysis of the respective score.

Differences in continuous variables between baseline and the last visit were assessed
using paired t-test or Wilcoxon test, according to the distribution of the variables.

McNemar test was used for categorical data.

Linear regression models were performed to analyse the associations between analytical
data at baseline and the hepatic scores variation during the 12 months of treatment.

Regression models were performed unadjusted and adjusted for age (18) and sex (19).

The statistical analysis was performed using SPSS version 27.0 (IBM Corporation,

Armonk, NY). Two-sided p values <0.05 were considered significant.

The manuscript was prepared in adherence to the STROBE guidelines for cohort studies.

(20)
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Results

Characteristics of the Study Population

Overall, as demonstrated in Figure 1, 99 patients were included in our analysis, both at
baseline and through follow-up, until last visit at 12 months. Eighty-two percent were
male, and the median age was 36 years (28 to 50). (Table 1) The most frequent routes
of transmission were men who have sex with men (60.4%) and heterosexual contact
(29.7%). Thirty-nine percent of patients had a nadir CD4 cell count <200/ pL and 17.2%

were diagnosed as having HIV stage C.

We were able to calculate BMI in both baseline and last visit only in 59 patients, due to
weight and height data availability. At baseline, overweight, defined by a BMI of at least
25 and less than 30 kg/m?, was observed in 19 (27.9%) patients, and obesity, defined by

a BMI of at least 30 kg/m?, was observed in 4 (5.9%).

We observed a significant increase in BMI, HDL, platelet count, albumin, and creatinine

during follow-up. Furthermore, we observed a significant decrease in AST levels.

Hepatic fibrosis and steatosis scores

The median HSI values were 31.30 (26.78 to 34.82) at baseline and 31.48 (28.21 to
36.37) at the last visit, showing no statistically significant differences (p=0.114). The
median difference in HSI score between baseline and last visit was 0.56 (-1.33 to 2.30).
HSI scores <30, ruling out the presence of NAFLD, were observed in 31 (46.27%) and
26 (38.24%) of patients at baseline and last visit, respectively. HSI values >36, indicating
presence of NAFLD, were observed in 13 (19.40%) and 17 (25.00%) of patients at

baseline and last visit, respectively.

The median FIB-4 values were 1.02 (0.64 to 1.40) at baseline and 0.79 (0.60 to 1.20) at
the last visit, showing a significant decrease (p=0.007). The median difference in FIB-4

values between baseline and last visit was -0.058 (-0.357 to 0.097). FIB-4 values <1.45,

8
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indicating none or moderate fibrosis, were observed in 71 (76.34%) and 78 (82.98%) of
patients at baseline and last visit, respectively. FIB-4 values >3.25, indicating extended
fibrosis or cirrhosis, were observed in 4 (4.30%) and 3 (3.19%) of patients at baseline

and last visit, respectively.

The mean of BARD scores was 1.82 (0.85) at baseline and 2.09 (0.73) at the last visit,
showing a significant increase of this score during follow-up (p=0.006). The mean
difference in BARD values between baseline and last visit was 0.37 (0.93). Eleven
(16.4%) and 5 (7.4%) patients had BARD scores of either O or 1, representing a low risk
for advanced fibrosis, at baseline and last visit, respectively. BARD scores between 2
and 4, representing a high risk of advanced fibrosis, were observed in 56 (83.6%) and
63 (92.7%) patients at baseline and last visit, respectively. However, only 13 (22%)
patients had a different BARD score value between baseline and last visit. 46 (78%)

patients showed no alteration in BARD score.

The median NFS values were -1.95 (-3.35 to -0.75) at baseline and -2.15 (-3.29 to -1.16)
at the last visit, displaying a significant decrease in this score (p=0.002). The median
difference in NFS values was -0.42 (-0.93 to 0.18) between baseline and last visit. NFS
scores <-1.455, indicating low risk of advanced fibrosis, were observed in 38 (63.3%)
and 45 (66.2%) of patients at baseline and last visit, respectively. NFS values between
-1.455 and 0.672, representing intermediate risk, were found in 18 (30.0%) and 20
(29.4%) patients at baseline and last visit, respectively. NFS values >0.672, indicating
high risk of advanced fibrosis, were observed in 4 (6.67%) and 2 (2.94%) patients at

baseline and last visit, respectively.

In Figure 2, we show a decrease in FIB-4 and NFS throughout time, at baseline, 6 and

12 months, and an increase in BARD. HSI did not vary over time.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Analytical predictors of changes in hepatic fibrosis scores

In the unadjusted linear regression model (Table 2), there was a significant negative
association between baseline HIV RNA and FIB-4 change, suggesting that higher HIV

RNA loads at baseline are associated with a decrease in FIB-4 (3=-0.08 [-0.16 to 0.00];

p=0.045). After adjusting for age and sex, this association was no longer significant,

although a trend for a negative association was found (f=-0.08 [-0.16 to 0.00]; p=0.062).

A significant positive association was observed between total bilirubin at baseline and
BARD score change (=1.09 [0.18 to 2.00]; p=0.019 in the adjusted model), suggesting

that higher baseline bilirubin is associated with an increase in BARD.

The unadjusted linear regression model showed no association between HDL and NFS
change, but, when adjusted for age and sex, there was a significant positive association
with NFS change (B=0.03 [0.00 to 0.05]; p=0.036), indicating that higher baseline HDL
cholesterol is associated with an increase in NFS.

No associations were found between any of the fibrosis scores and CD4 cell count,

fasting glucose, total and LDL cholesterol, TG and CRP.

10
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Discussion

In our single-center retrospective assessment of previously naive HIV monoinfected
patients on an INSTI based regimen, we observed a significant decrease in the values
of FIB-4 and NFS scores, indicating a reduction in the risk of developing fibrosis in these
patients. Also, we found a significant negative association between HIV RNA load at
baseline and FIB-4 variation between baseline and 12 months, suggesting higher HIV

RNA at baseline was significantly associated with a greater decrease in FIB-4.

Although, we did not see any significant changes in the HSI, that would indicate a change
in steatosis, our findings supported that NAFLD is highly prevalent in HIV-infected

patients, as demonstrated in previous studies. (4)

Macias et al. compared HIV-infected patients with NALFD who switched from efavirenz
to raltegravir (RAL) with patients maintaining efavirenz-based therapy. After 48 weeks,
they found that the patients who switched to RAL showed a reduction in the degree of
hepatic steatosis, as measured by Controlled Attenuation Parameter (CAP) as well as a
greater proportion of patients without significant steatosis. (21) This study agrees with
our findings in suggesting that INSTIs do not contribute to the progression of hepatic
steatosis. However, we did not find a similar reduction in hepatic steatosis. The
mentioned study measures hepatic steatosis using CAP, a much more sensitive method
of evaluating this parameter when compared to the HSI score used in our study, which

might explain the differences in results.

On the other hand, Bischoff et al. showed that patients receiving INSTIs had a greater
development and progression of steatosis and evolution towards NASH, in relation to
increased body weight gain, which is contrary to our findings. (9) Similarly, a prospective
cohort study showed that INSTIs were related to greater odds of moderate-to-severe
hepatic steatosis. However, they did not find this relation to be true for every INSTI. This

association was present for exposure to elvitegravir and RAL, but not to dolutegravir

11
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(DTG), even though the patients receiving DTG had the highest weight gain. (22)

In our study, the INSTI 99% of patients was receiving was DTG. This way, the previously
mentioned study comes to support our findings, and propose a hypothesis as to why they
are not congruent with previous studies, such as the one performed by Bischoff et al., in
which INSTIs used are not specified. Although INSTIs appear to contribute to the
progression of hepatic steatosis in HIV monoinfected patients, this might not be true for
DTG, despite its effect on weight gain. Riebensahm et al. suggested the same
explanation for their findings of lack of relation between INSTIs and hepatic steatosis. (7)
Therefore, to support this claim, more studies comparing the various INSTIs and their

individual effects on hepatic steatosis are needed.

The patients in the present study showed a significant increase in BMI, which could be
explained by multiple factors. On the one hand, several studies demonstrated a greater
weight gain in patients receiving INSTI based regimens, especially DTG and RAL. (23,
24) On the other hand, studies have shown that the initiation of CART in treatment-naive
HIV-infected patients is associated with a short period of weight gain. Considering this is
true particularly in patients with lower baseline CD4+ T-cell count and higher HIV RNA

viral load, this is consistent with a “return to health effect”. (25, 26)

Contrary to the significant decrease in values of FIB-4 and NFS scores, we observed a
significant increase in BARD score. These first two scores are continuous variables and
BARD score is an ordinal variable, obtained from an addition of points. Although BARD
score showed a significant increase, 80% of patients had the same BARD score at
baseline and at the last visit, meaning differences were only visible in 13 patients out of
59 in total. Since the calculation of this score includes only BMI, AST/ALT ratio and the
presence of diabetes, the fact that BMI showed a significant increase might have had a
great impact in BARD score, possibly explaining its elevation. Such an impact would not
be so visible in the other scores, since FIB-4 does not include BMI in its calculation and

NFS is a much more complex index with various other liver function parameters.

12
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Additionally, McPherson et al. compared multiple simple non-invasive fibrosis scoring
systems, including the three scores we used in our study, and found FIB-4 score to have
the best diagnostic accuracy for advanced fibrosis, with an Area Under Receiver
Operator Characteristic Curve (AUROC) of 0.86. The AUROC for NFS was 0.81 and
0.77 for BARD. (27) Imajo et al. compared elastography and various risk scores to
histology and found NFS and FIB-4 to be better than other indexes, including BARD, in
predicting advanced fibrosis in patients with NAFLD. (28) Accordingly, both the
guidelines by the European Association for the Study of the Liver and by the American
Association for the Study of the Liver Diseases advocated the use of FIB-4 and NFS to

rule out advanced liver fibrosis. (3, 12)

The decrease we observed in the risk of developing liver fibrosis, as demonstrated by
the reduction in NFS and FIB-4 values, can probably be explained by the effects of CART

in the suppression of HIV infection.

HIV infection alone contributes to the development of liver fibrosis, through multiple
processes, such as mitochondrial injury, oxidative stress, fatty acid accumulation, gut
microbial translocation and immune-activation and proapoptotic effects on hepatocytes.
(29, 30) With viral suppression from cART, these mechanisms are reduced, thus

decreasing hepatic fibrosis markers and scores in the patients receiving treatment.

Our linear regression model supported this hypothesis by showing that higher HIV RNA
at baseline was significantly associated with a greater decrease in FIB-4. This indicates
that patients with a higher activity of HIV at baseline, and consequently more liver
damage induced by the above-mentioned mechanisms, had a greater reduction in risk
of fibrosis with the initiation of treatment. Therefore, these findings support the early

initiation of CART.

Multiple previous studies come to support our conclusions. Blackard et al. found an
association between plasma HIV RNA levels and increased FIB-4 in HIV mono-infected

women with no cART or alcohol use, as well as a negative association between CD4 cell
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count and FIB-4. (31)

This was also true in HIV-coinfected patients, as shown by Brau et al., who demonstrated
that HIV suppression with cART led to a slower progression rate of HCV-induced fibrosis
(32), and by Yang et al. who associated cART initiation with a significant reduction in

fibrosis scores in HIV/HBV coinfected patients. (33)

Additionally, the findings of our linear regression model suggested that higher baseline
bilirubin is associated with an increase in BARD, which is in line with previous studies
that associate advanced liver fibrosis with increased bilirrubin. (34) Furthermore, this
model, when adjusted for age and sex, suggested that higher baseline HDL cholesterol
is associated with an increase in NFS, which is contrary to what has been shown in prior

studies that associate HDL to regeneration and suppression of liver fibrosis. (35)

Our study had several limitations. It was a retrospective assessment of a small
predominantly male cohort from one center in the north of Portugal, with no control group,
therefore the results may not be generalizable to other populations. Our short follow-up
time of 12 months allows us only to evaluate the short-term impact of the INSTIs and
may underestimate their effect on liver steatosis and fibrosis on the long run. We used
serum biomarkers to evaluate the presence of steatosis and fibrosis that have lower
sensitivity and specificity than the gold standard test, liver biopsy. Other limitations were
present in the availability of patient’s data, possibly due to the COVID-19 period and the
use of telephonic or virtual consultations. Weight and height information were not
available for every patient at the three evaluation times, which led to BMI calculation only
being possible in 59 patients. Additionally, only self-reported, not quantitatively specified,
alcohol consumption was available, which might have led us to underestimate the
presence of alcohol consumption in a small percentage of patients. Furthermore, data
on waist and hip circumferences were not available. Consequently, we evaluated weight
gain only considering BMI, which does not give information regarding the distribution of

fat and presence of visceral fat, important factors in NAFLD.
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Conclusion

In this monocenter cohort of HIV-monoinfected patients, INSTIs had no impact on
hepatic steatosis, mainly driven by the use of a DTG-containing regimen. Additionally,
INSTIs were associated with a significant increase in BMI, that might be explained by the
direct effect of DTG and/or by the “return-to-health effect” observed with cART initiation.
Furthermore, INSTIs were associated with a reduction in the risk of liver fibrosis in HIV-

monoinfected patients, probably due to their effect on viral suppression.

Therefore, our study highlights the need for early initiation of cART, namely INSTI, as
well as a close monitorization of patients with NAFLD, a disease with high prevalence
among HIV-infected patients, in order to prevent the progression towards NASH and liver

fibrosis.

List of abbreviations

AIDS - Acquired Immunodeficiency Syndrome

ALT — Alanine Transaminase

AST — Aspartate Transaminase

AUROC — Area Under Receiver Operator Characteristic Curve

BMI — Body Mass Index

CAP — controlled attenuation parameter

CART — combined Antiretroviral Therapy

CDC - Centers for Disease Control and Prevention

CRP — C Reactive Protein

DTG - Dolutegravir

ELF — Enhanced Liver Fibrosis
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HCV — Hepatitis C Virus

HDL — High-density Lipoprotein

HIV — Human Immunodeficiency Virus

HSI — Hepatic Steatosis Index

INSTIs — Integrase Strand Transfer Inhibitors

LDL — Low-density Lipoprotein

NAFL — Non-alcoholic fatty liver

NAFLD — Non-alcoholic Fatty Liver Disease

NASH — Non-alcoholic Steatohepatitis

NFS — NAFLD Fibrosis Score

NNRTIs — Non-Nucleoside Reverse-Transcriptase Inhibitors

NRTIs — Nucleoside/nucleotide Reverse-Transcriptase Inhibitors

Pls — HIV protease inhibitors

RAL — Raltegravir

RNA — Ribonucleic Acid

TO — Before starting CART

T12 — Twelve months of follow-up

T6 — Six months of follow-up

TAF — Tenofovir-alafenamid

TG — Triglycerides
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- Patients with reported Hepatitis C

and/or Hepatitis B Virus infection (n=4);
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- Patients pregnant at the beginning or
during follow-up (n=2);

- Patients with excessive alcohol use
(n=4).

Y

99 patients included in the analysis

Figure 1 Flow diagram of the patients’ selection.

1Patients could meet more than 1 exclusion criteria.

Table 1 Comparison of baseline and last visit characteristics of the study
population.

Parameter Baseline (n=99) Last Visit (n=99) P

Male 81 (81.8)

Age, years 36.00 (28.00;50.00) 37.00 (29.00;51.00)

Smoker 39 (39.4)

BMI, kg/m? (n=59) 23.74 (3.74) 24.61 (3.99) <0.001
25 to <30 19 (27.94) 21 (30.88) 0.009
=230 4 (5.88) 9 (13.24)

HIV-related parameters
HIV RNA, 104 copies/mL 9.21 (3.18;25.10) 0.00 (0.00;0.03) <0.001
HIV RNA (<50) 0 80 (79.20)

CD4 cell count, cells/uL 259.00 (102.00;450.00) 539.50 (296.00;782.75) <0.001
HIV risk factor
Injecting drug user 1(0.99)
Homosexual contact 61 (60.39)
Heterosexual contact 30 (29.70)
CDC stage
A 61 (61.62)
B 21 (21.21)
C 17 (17.17)
cART Regimen
TDF/FTC + DTG 36 (36.36)
ABC/3TC/DTG 36 (36.36)
3TC/DTG 22 (22.22)
FTC/TAF/BIC 4 (4.04)
TAF/FTC + DTG 1(1.01)
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Analytical parameters

Fasting Plasma Glucose, mg/dL 88.00 (80.00;94.00) 89.00 (83.00;100.00) 0.590
Triglycerides, mg/dl 97.50 (72.50;130.75) 90.00 (72.00;137.00) 0.773
Total cholesterol, mg/dl 156.79 (43.74) 170.67 (45.72) 0.112
HDL, mg/dl 40.23 (12.87) 48.59 (13.19) <0.001
LDL, mg/dl 100.87 (31.84) 107.09 (32.67) 0.421
AST, U/L 26.00 (21.00;33.25) 24.00 (20.00;29.00) 0.019
ALT, U/L 22.00 (14.00;34.25) 19.00 (15.00;28.00) 0.115
Total bilirubin, mg/dL 0.60 (0.22) 0.59 (0.48;0.77) 0.076
Platelets, 103/uL 208.61 (78.46) 234.55 (61.02) <0.001
Albumin, g/L 39.51 (7.29) 43.20 (40.80;45.10) <0.001
Creatinine, mg/dL 0.78 (0.65;0.89) 0.96 (0.26) <0.001
Uric acid, mg/dL 5.60 (4.70;6.35) 5.70 (4.80;6.40) 0.920
CRP, mg/L 4.15 (1.73;19.50) 2.60 (1.40;30.60) 0.515
Hepatic Fibrosis and Steatosis Scores
HSI score (n=59) 31.30 (26.78;34.82) 31.48 (28.21;36.37) 0.114
<30 31 (46.27) 26 (38.24) 0.388
30 to 36 23 (34.33) 25 (36.76) 1.000
>36 13 (19.40) 17 (25.00) 0.453
FIB-4 score (n=92) 1.02 (0.64;1.40) 0.79 (0.60; 1.20) 0.007
<1.45 71 (76.34) 78 (82.98) 0.146
1.45to0 3.25 18 (19.35) 13 (13.83) 0.302
>3.25 4 (4.30) 3(3.19) 1.000
BARD score (n=59) 1.82 (0.85) 2.09 (0.73) 0.006
0 9 (13.43) 4 (5.88) 0.070
1 2 (2.99) 1(1.47) 1.000
2 50 (74.63) 50 (73.53) 1.000
3 4 (5.97) 11 (16.18) 0.016
4 2 (2.99) 2 (2.94) 1.000
NFS score (n=51) -1.95 (-3.25; -0.75) -2.15 (-3.29; -1.16) 0.002
<-1.455 38 (63.33) 45 (66.22) 0.146
-1.455 10 0.672 18 (30.00) 20 (29.41) 0.227
>0.672 4 (6.67) 2 (2.94) 1.000

Data are shown as mean (standard deviation), median (interquartile range) or n (%). P values were
obtained using paired samples t-test, Wilcoxon test or McNemar test where appropriate. Statistical
significance was set for a value of p <0.05. In bold: p <0.05.

Abbreviations: 3TC, lamivudine; ABC, Abacavir, ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BIC, bictegravir; BMI, body mass index; CRP, C-reactive protein; DTG,
dolutegravir; FIB-4, fibrosis-4; FTC, emtricitabine; HDL, high-density lipoprotein; HSI, hepatic
steatosis score; HIV, human immunodeficiency virus; LDL, low-density lipoprotein; NFS, NAFLD

fibrosis score; RNA, ribonucleic acid; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
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Figure 2 Boxplots and bar charts of liver steatosis and fibrosis scores at
baseline, and 6 and 12 months after initiation of treatment with Integrase

Strand Transfer Inhibitors.

A, Box-plot of FIB-4 values at baseline (T0), 6 months (T6) and 12 months (T12) of follow-up; B,
Bar chart of mean BARD values at TO, T6 and T12; C, Box-plot of NFS values at TO, T6 and T12;

D, Box-plot of HSI values at TO, T6 and T12. * p<0.05

Abbreviations: FIB-4, Fibrosis-4; HSI, Hepatic Steatosis Index; NFS, NAFLD Fibrosis Score.
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Table 2. Associations between analytical variables at baseline and changes
in hepatic fibrosis scores.

FIB-4 BARD NFS
B (95% CI) P B (95% CI) P B (95% CI) P

value value value
HIV RNA
Unadjusted model -0.08 (-0.16 t0 -0.00) 0.045 0.06 (-0.07t0 0.20) 0.346  -0.04 (-0.23t0 0.16)  0.691
Adjusted model -0.08 (-0.16 t0 0.00)  0.063 0.06 (-0.07t00.20) 0.354  -0.04 (-0.23t00.15)  0.672
CD4 cell count
Unadjusted model 0.12(-0.04t00.28)  0.141 -0.02(-0.27t00.22) 0.854 0.13(-0.22t00.48)  0.453
Adjusted model 0.10 (-0.08 to 0.28) 0.261 -0.03(-0.28t00.22) 0.801  0.21(-0.14 t0 0.57) 0.238
Total bilirubin
Unadjusted model 0.03 (-0.66 t0 0.71) 0.941 1.08(0.22t01.94) 0.015 -0.05(-1.31t01.20) 0.931
Adjusted model 0.00 (-0.69 to 0.70) 0.993 1.09(0.18t0 2.00) 0.019 -0.11(-1.37to1.16) 0.867
Fasting glucose
Unadjusted model 0.16 (-0.94 to 1.27) 0.772  -0.11(-1.87t0 1.65) 0.902 -0.92 (-2.91t0 1.06)  0.350
Adjusted model 0.49 (-0.76 to 1.73) 0.439 -0.02(-2.04t02.00) 0.985  -1.87(-4.04t00.31)  0.090
Total cholesterol
Unadjusted model 0.00 (-0.00 to 0.00) 0.679 0.00(-0.00t0 0.01) 0.611  0.00 (-0.00 to 0.01) 0.292
Adjusted model 0.00 (-0.00 to 0.00) 0.698 0.00(-0.01t0 0.01) 0.621  0.00 (-0.00 to 0.01) 0.356
HDL cholesterol
Unadjusted model 0.00 (-0.01 to 0.01) 0.549 -0.00(-0.03t00.02) 0.710  0.02 (-0.00 to 0.05) 0.059
Adjusted model 0.00 (-0.01 to 0.02) 0.491 -0.00(-0.03t00.02) 0.702  0.03 (0.00 to 0.05) 0.036
LDL cholesterol
Unadjusted model 0.00 (-0.00 to 0.01) 0.458 0.00(-0.01t00.01) 0.534  0.00 (-0.01 to 0.01) 0.632
Adjusted model 0.00 (-0.00 to 0.01) 0.479 0.00(-0.01t0 0.01) 0.540  0.00 (-0.01 to 0.01) 0.660
Triglycerides
Unadjusted model -0.19(-0.50t0 0.12)  0.238 0.16 (-0.48t00.79) 0.616 -0.58 (-1.31t0 0.16)  0.120
Adjusted model -0.20 (-0.52t00.12) 0.210 0.15(-0.51t00.82) 0.645 -0.60(-1.34t00.15) 0.112
C-reactive protein
Unadjusted model -0.07 (-0.23t00.09) 0.371  0.14(-0.06t00.33) 0.158  -0.05(-0.33t00.23)  0.720
Adjusted model -0.08 (-0.24t00.08) 0.303 0.13(-0.08t00.33) 0.216  -0.02(-0.31t00.28)  0.913

Linear regression models of the association between variables at baseline (HIV RNA, CD4 cell

count, total bilirubin, fasting glucose, total, HDL and LDL cholesterols, triglycerides, and c-reactive
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protein) and hepatic fibrosis scores (FIB-4, BARD and NFS). HIV RNA, CD4 cell count, fasting
glucose, triglycerides, and c-reactive protein were log-transformed. Statistical significance was

set for a value of p <0.05.

Abbreviations: FIB-4, fibrosis-4; HDL, high-density lipoprotein; HIV, human immunodeficiency

virus; LDL, low-density lipoprotein; NFS, NAFLD fibrosis score; RNA, ribonucleic acid.
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

background and
rationale for the
investigation being
reported

Item Page No
No Recommendation
Title and 1 | (a) Indicate the Pagel .
abstract study’s design with retrospective cohort study
a commonly used
term in the title or
the abstract
(b) Provide in the Page 1 _ _ _
abstract an “We performed a monocentric, retrospective cohort study in HIV-
monoinfected CART-naive patients that initiated INSTI based
informative and regimens between December 2019 and January 2022. Data was
balanced summary collected at baseline, 6 and 12 months after initiation.
of what was done Demog_raphlc, _clmlqal and laboratory characteristics, hepat!c
steatosis, and fibrosis scores were compared between baseline and
and what was found | [ast visit at 12 months. Linear regression models were performed to
analyse the associations between analytical data at baseline and
hepatic scores variation during the 12 months of treatment. Models
were performed unadjusted and adjusted for age and sex.
Results: 99 patients were included in our study. Eighty-two percent
were male and median age was 36 years. We observed a significant
increase in body mass index (BMI), HDL, platelet count, albumin,
and creatinine and a significant decrease in AST levels. HSI showed
no statistically significant differences during follow-up (p=0.114).
We observed a significant decrease in FIB-4 (p=0.007) and NFS
(p=0.002). BARD score showed a significant increase (p=0.006).
The linear regression model demonstrated a significant negative
association between baseline HIV RNA and FIB-4 change (B= -
0.08, 95% CI [-0.16 to -0.00], p=0.045), suggesting that higher HIV
RNA loads at baseline were associated with a greater decrease in
FIB-4."
Introduction
Background/ 2 | Explain the Pages 3, 4 and 5
. L “Improvements in Human Immunodeficiency Virus (HIV) infection
rationale scientific

treatment has shifted the priorities in the clinical care of patients
with this infection. Due to the increased access to combined
Antiretroviral Therapy (CART), mortality amongst HIV-positive
people has declined and life expectancy has been approaching that
of the general population. Even though it remains the leading cause
of death in this group of patients, Acquired Immunodeficiency
Syndrome (AIDS)-related mortality has decreased, hence increasing
the importance of non-AIDS related morbidities, such as non-AIDS
cancers, liver disease, cardiovascular diseases, and stroke. (1, 2)
Non-alcoholic Fatty Liver Disease (NAFLD) is characterized by
evidence of hepatic steatosis, without secondary causes for hepatic
fat accumulation, and is related to metabolic comorbidities. NAFLD
is divided into two categories, Non-alcoholic fatty liver (NAFL) and
Non-alcoholic Steatohepatitis (NASH). NAFL is defined as the
presence of steatosis in >5% of hepatocytes without hepatocyte
ballooning. NASH is defined as the presence of steatosis in >5% of
hepatocytes and inflammation with hepatocyte injury, associated or
not to fibrosis. (3)

Although the true prevalence of NAFLD in the HIV infected patient
is still unknown, Maurice et al. showed a prevalence of NAFLD and
NASH, in these patients, of 35% and 42%, respectively. (4)
According to Vodkin et al., there is a higher proportion of NASH
and features of more severe liver injury in patients with HIV-
associated NAFLD, when compared with patients with primary
NAFLD, despite having similar metabolic characteristics. (5)




Multiple risk factors have been associated with the development of
NAFLD in the HIV infected patient. These include factors that also
have an association with NAFLD in the general population, such as
seX, obesity, hypertriglyceridemia, and insulin resistance. However,
factors associated with HIV itself, such as lipodystrophy and cART,
contribute to the disease as well. (6)

Previous studies have suggested the contribution of cART in the
development of hepatic steatosis, due to its metabolic side effects.
(7) In particular, various HIV protease inhibitors (Pls) have been
associated with higher levels of insulin resistance. Most Pls, some
Non-Nucleoside Reverse-Transcriptase Inhibitors (NNRTIs) such as
efavirenz and some nucleoside/nucleotide reverse-transcriptase
inhibitors (NRTISs) such as abacavir have been related to
dyslipidemia. Stavudine and didanosine have been shown to induce
mitochondrial toxicity, which also contributes to the development of
NASH. (8)

Bischoff et al., demonstrated that the use of Integrase Strand
Transfer Inhibitors (INSTIs) and/or Tenofovir-alafenamid (TAF)
contributes to the occurrence of hepatic steatosis and progression to
NASH, in the context of increased body weight. (9)

Liver biopsy is the gold standard for identifying both NASH and
NAFLD. However, it has various limitations, as it is an invasive
procedure with high costs, low acceptability, and sampling
variability. Therefore, multiple non-invasive strategies have been
studied and developed, as alternatives to this technique, including
blood biomarkers and imaging techniques. (10) Scores based on
blood biomarkers available to diagnose or grade steatosis include
the Hepatic Steatosis Index (HSI), and to stage fibrosis include
NAFLD Fibrosis Score (NFS) and BARD, which are more specific
of NAFLD, and Aspartate Transaminase (AST)/Alanine
Transaminase (ALT) Ratio and Fibrosis-4 Index (FIB-4), which
have been developed in the context of hepatitis C. (11)

According to EASL-EASD-EASQO Clinical Practice Guidelines for
the management of non-alcoholic fatty liver disease, NFS, FIB-4,
Enhanced Liver Fibrosis (ELF) or FibroTest calculation should be
performed in every NAFLD patient to exclude significant fibrosis. If
fibrosis is not excluded, then transient elastography should be
performed. Only if this exam confirms significant fibrosis, should
liver biopsy be done in order to establish the final diagnosis. (12)
Currently, INSTIs are recommended worldwide as first line
treatment in HIV infection. (13) With the growing number of
patients under this treatment and the high prevalence of liver disease
in the HIV infected patient, it becomes essential to determine the
effect of these drugs in the development of NAFLD and liver
fibrosis.

Therefore, we performed a retrospective cohort study with the aim
of evaluating the impact of INSTIs in the risk of developing liver
steatosis and fibrosis, using HSI, FIB-4, BARD and NFS indexes, in
the patient with HIV infection.”

Objectives State specific Page 5 _ _ _
obiectives “Therefore, we performed a retrospective cohort study with the aim
) ) o of evaluating the impact of INSTIs in the hepatic fibrosis markers
including any and in the risk of developing liver steatosis and fibrosis(...)”
prespecified
hypotheses

Methods

Study design Present key Page 5 _ _ _

“We performed an observational monocentric, retrospective cohort

elements of study study”
design early in the
paper

Setting Describe the setting, | Page 5

locations, and




relevant dates,
including periods of
recruitment,
exposure, follow-

“HIV-infected patients followed at the Infectious Diseases
Outpatient Clinic of Centro Hospitalar Universitario de Sao
Jodo.(...)

between December 2019 and January 2022 and maintained it during
at least 12 months”

Page 5

up. and. data “Weight and height were measured in routine consultation at
collection baseline, before starting cART, and during follow-up.”

Page 6

“Serum samples were tested at baseline, before starting CART (T0),

and six months (T6) and twelve months (T12) after initiating CART”

Participants 6 | (a) Give the Page 6 _ _ _
eligibility criteria “HIV-infected patients followed at the Infectious Diseases
' Outpatient Clinic of Centro Hospitalar Universitario de Sao Joéo.
and the sources and | This study included all treatment-naive adults (age > 18 years) that
methods of initiated an INSTI based regimen between December 2019 and
selection of January 2022 and maintained it during at least 12 months. Patients
o with reported Hepatitis C Virus (HCV) and/or Hepatitis B Virus
participants. (HBV) infection, pregnant at the beginning or during follow up and
Describe methods with excessive alcohol use were excluded.”
of follow-up
(b) For matched
studies, give
matching criteria Non applicable
and number of
exposed and
unexposed
Variables 7 | Clearly define all Page 5 _ o o _
outcomes “demographic data (age, sex), clinical comorbidities, duration of
' HIV infection, HIV infection risk factors, duration of CART, cCART

EXpOsures, regimen and characterization of the infection”
predictors, potential | “Weight and height”
confounders, and Page 6 . . .

- “CDA4+ T cell count, type 1 HIV Ribonucleic Acid (RNA), platelet
effect modifiers. count, albumin, AST, ALT, total bilirubin, total cholesterol, High-
Give diagnostic density Lipoprotein (HDL) cholesterol, Low-density Lipoprotein
criteria, if (LDL) cholesterol, triglycerides (TG), fasting glucose, creatinine,

. uric acid and C Reactive Protein (CRP)”
applicable Pages 6 and 7
“HSI values(...) NAFLD ruled out with HS1<30.0 and NAFLD
detected with HSI1>36.0(...)FIB-4 values (...) FIB-4 < 1.45 was
considered as no or moderate fibrosis (FO-F1-F2-F3), and FIB-
4>3.25 was considered as extensive fibrosis or cirrhosis (F4-F5-F6)
(in the ISHAK classification of fibrosis (...) BARD score (...) low
risk of advanced fibrosis (0-1 score) or high risk of advanced
fibrosis (2-4 score). (...) NFS values (...) low risk of advanced
fibrosis with NFS<-1,455, intermediate risk with NFS between -
1,455 and 0,672 and high risk with NFS>0,672”
Data sources/ | 8* | For each variable of | Page 5

measurement

interest, give
sources of data and
details of methods
of assessment
(measurement).
Describe
comparability of
assessment methods
if there is more than
one group

“These data were collected through clinical records stored at the
hospital’s electronic platform.”

Page 6

“The HSI values were calculated automatically using the formula: 8
X (ALT/AST ratio) + Body Mass Index (BMI) (+2, if female; +2, if
diabetes mellitus).”

“The FIB-4 values were calculated automatically using the formula:
age (years) X AST [U/1] / (platelets [10%1] x (ALT [UN])).”

“The BARD score was calculated as BMI >28 kg/m2 (1 point) +
AST/ALT ratio >0.8 (2 points) + presence of diabetes (1 point).”
“The NFS values were calculated automatically using the formula: -
1.675 + (0.037 x age [years]) + (0.094 x BMI [kg/m2]) + (1.13 x




IFG/diabetes [yes = 1, no = 0]) + (0.99 x AST/ALT ratio) — (0.013 x
platelet count [x109/L]) — (0.66 x albumin [g/dI]).”

Bias 9 | Describe any efforts | Pages o _
to add tential “Patients with reported Hepatitis C Virus (HCV) and/or Hepatit
O address pC.J entia is B Virus (HBV) infection, pregnant at the beginning or during
sources of bias follow- up and with excessive alcohol use were excluded.”
Page 7
“Regression models were performed unadjusted and adjusted for
age and sex.”
Study size 10 | Explain how the Page 5 _ _ _
studv size was “HIV-infected patients followed at the Infectious Diseases
) y Outpatient Clinic of Centro Hospitalar Universitario de Sao Joao.
arrived at This study included all treatment-naive adults (age > 18 years) that
initiated an INSTI based regimen between December 2019 and
January 2022 and maintained it during at least 12 months. Patients
with reported Hepatitis C Virus (HCV) and/or Hepatitis B Virus
(HBV) infection, pregnant at the beginning or during follow up and
with excessive alcohol use were excluded.”
Quantitative 11 | Explain how Page 7 _
variables uantitative “Continuous variables were expressed as means (standard
q ) deviation), if normally distributed, or as median (25th to 75th
variables were percentile), if non-normally distributed. Variables with skewed
handled in the distribution were transformed to their natural logarithm.”
analyses. If
applicable, describe
which groupings
were chosen and
why
Statistical 12 | (a) Describe all Page 7 _ _ _ _
methods statistical methods “Differences in continuous variables between baseline and the last
) ) " | visit were assessed using paired t-test or Wilcoxon test, according to
including those used | the distribution of the variables. Chi-squared tests were used for
to control for categorical data.
confounding Linear regression models were performed to analyse the associations
between analytical data at baseline and the hepatic scores variation
during the 12 months of treatment. Regression models were
performed unadjusted and adjusted for age and sex.”
(b) Describe any Page 7 _
methods used to “Linear regression models were performed to analyse the
] associations between analytical data at baseline and the hepatic
examine subgroups | scores variation during the 12 months of treatment. Regression
and interactions models were performed unadjusted and adjusted for age and sex.”
(c) Explain how Page7 _ _
missing data were “Persons with missing baseline or follow-up data for the variables
g needed to calculate each score were excluded from the analysis of
addressed the respective score.”
(d) If applicable, Non applicable
explain how loss to
follow-up was
addressed
(e) Describe any No sensitivity analyses were performed
sensitivity analyses
Results
Participants 13* | (a) Report numbers | Page 8

of individuals at
each stage of
study—eg numbers
potentially eligible,

“Overall, as demonstrated in Figure 1, 99 patients were included in
our analysis, both at baseline and through follow-up, until last visit
at 12 months.”

Page 21

Figure 1




examined for
eligibility,
confirmed eligible,
included in the
study, completing
follow-up, and

analysed
(b) Give reasons for | Page 21
non-participation at Figure 1
each stage
(c) Consider use of | Page 21
a flow diagram Figure 1
Descriptive 14* | (a) Give ?a%? 211
- able
data characten?tl_cs of Page 8
study participants “Overall, as demonstrated in Figure 1, 99 patients were included in
(eg demographic, our analysis, both at baseline and through follow-up, until last visit
. ; at 12 months. Eighty-two percent were male, and the median age
?“mcal’ .somal) and was 36 years (28 to 50). (Table 1) The most frequent routes of
information on transmission were men who have sex with men (60.4%) and
exposures and heterosexual contact (29.7%). Thirty-nine percent of patients had a
potential nadir CD4 cell count <200/ puL. and 17.2% were diagnosed as having
HIV stage C.
confounders We were able to calculate BMI in both baseline and last visit only in
59 patients, due to weight and height data availability. At baseline,
overweight, defined by a BMI of at least 25 and less than 30 kg/m2,
was observed in 19 (27.9%) patients, and obesity, defined by a BMI
of at least 30 kg/m2, was observed in 4 (5.9%).
We observed a significant increase in BMI, high-density lipoprotein
(HDL), platelet count, albumin, and creatinine during follow-up.
Furthermore, we observed a significant decrease in AST levels.”
(b) Indicate number | Pages 2k1 ;md %2 - Tf;lble 1
L . “BMI, kg/m2 (n=59)”
of.pa_rtlmpants with “FIB-4 score (n=92)”
missing data for “BARD score (n=59)”
each variable of “NFS score (n=51)”
interest “HSI score (n=59)”
(c) Summarise Page 8 _ _ _ _
follow-up time (e “Q9 patients were included in our analysis, both at baseline and
P g through follow-up, until last visit at 12 months.”
average and total
amount)
Outcome data | 15* | Report numbers of | Page 21 and 22

outcome events or
summary measures
over time

Table 1

Pages 8 and 9

“The median HSI values were 31.30 (26.78 to 34.82) at baseline and
31.48 (28.21 to 36.37) at the last visit, showing no statistically
significant differences (p=0.114). The median difference in HSI
score between baseline and last visit was 0.56 (-1.33 to 2.30). HSI
scores <30, ruling out the presence of NAFLD, were observed in 31
(46.27%) and 26 (38.24%) of patients at baseline and last visit,
respectively. HSI values >36, indicating presence of NAFLD, were
observed in 13 (19.40%) and 17 (25.00%) of patients at baseline and
last visit, respectively.

The median FIB-4 values were 1.02 (0.64 to 1.40) at baseline and
0.79 (0.60 to 1.20) at the last visit, showing a significant decrease
(p=0.007). The median difference in FIB-4 values between baseline
and last visit was -0.058 (-0.357 to 0.097). FIB-4 values <1.45,
indicating none or moderate fibrosis, were observed in 71 (76.34%)
and 78 (82.98%) of patients at baseline and last visit, respectively.
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FIB-4 values >3.25, indicating extended fibrosis or cirrhosis, were
observed in 4 (4.30%) and 3 (3.19%) of patients at baseline and last
visit, respectively.

The mean of BARD scores was 1.82 (0.85) at baseline and 2.09
(0.73) at the last visit, showing a significant increase of this score
during follow-up (p=0.006). The mean difference in BARD values
between baseline and last visit was 0.37 (0.93). Eleven (16.4%) and
5 (7.4%) patients had BARD scores of either 0 or 1, representing a
low risk for advanced fibrosis, at baseline and last visit,
respectively. BARD scores between 2 and 4, representing a high risk
of advanced fibrosis, were observed in 56 (83.6%) and 63 (92.7%)
patients at baseline and last visit, respectively. However, only 13
(22%) patients had a different BARD score value between baseline
and last visit. 46 (78%) patients showed no alteration in BARD
score.

The median NFS values were -1.95 (-3.35 to -0.75) at baseline and -
2.15 (-3.29 to -1.16) at the last visit, displaying a significant
decrease in this score (p=0.002). The median difference in NFS
values was -0.42 (-0.93 to 0.18) between baseline and last visit. NFS
scores <-1.455, indicating low risk of advanced fibrosis, were
observed in 38 (63.3%) and 45 (66.2%) of patients at baseline and
last visit, respectively. NFS values between -1.455 and 0.672,
representing intermediate risk, were found in 18 (30.0%) and 20
(29.4%) patients at baseline and last visit, respectively. NFS values
>0.672, indicating high risk of advanced fibrosis, were observed in 4
(6.67%) and 2 (2.94%) patients at baseline and last visit,
respectively.

In Figure 2, we show a decrease in FIB-4 and NFS throughout time,
at baseline, 6 and 12 months, and an increase in BARD. HSI did not
vary over time.”




Main results 16 | (a) Give unadjusted Eage 53 - Table 2
. . age
estlrr-1ates and, if “Regression models were performed unadjusted and adjusted for age
applicable, (18) and sex (19).”
confounder-adjusted | Page 10
: : “In the unadjusted linear regression model (Table 2), there was a
estlma}tes and their significant negative association between baseline HIV RNA and
precision (eg, 95% | FIB-4 change, suggesting that higher HIV RNA loads at baseline are
confidence interval). | associated with a decrease in FIB-4 (p=-0.08 [-0.16 to 0.00];
Make clear which p=0.045). After adjusting for age and sex, this association was no
longer significant, although a trend for a negative association was
confounders were found ($=-0.08 [-0.16 to 0.00]; p=0.062).
adjusted for and A significant positive association was observed between total
why they were bilirubin at baseline and BARD score change ($=1.09 [0.18 to 2.00];
included p=0.019 in the adjusted model), suggesting that higher baseline
Include bilirubin is associated with an increase in BARD.
The unadjusted linear regression model showed no association
between HDL and NFS change, but, when adjusted for age and sex,
there was a significant positive association with NFS change
(B=0.03 [0.00 to 0.05]; p=0.036), indicating that higher baseline
HDL cholesterol is associated with an increase in NFS.
No associations were found between any of the fibrosis scores and
CD4 cell count, fasting glucose, total and LDL cholesterol, TG and
CRP.”
(b) Report category | Page8 _ _
boundaries when “At baseline, overweight, defined by a BMI of at least 25 and less
than 30 kg/m2, (...) and obesity, defined by a BMI of at least 30
continuous variables | kg/m2”
were categorized “HSI scores <30, ruling out the presence of NAFLD (...) HSI values
>36, indicating presence of NAFLD”
Page 9
“FIB-4 values <1.45, indicating none or moderate fibrosis (...) FIB-
4 values >3.25, indicating extended fibrosis or cirrhosis”
“BARD scores of either 0 or 1, representing a low risk for advanced
fibrosis (...) BARD scores between 2 and 4, representing a high risk
of advanced fibrosis”
“NFS scores <-1.455, indicating low risk of advanced fibrosis (...)
NFS values between -1.455 and 0.672, representing intermediate
risk (...) NFS values >0.672, indicating high risk of advanced
fibrosis”
(c) If relevant, Non applicable
consider translating
estimates of relative
risk into absolute
risk for a
meaningful time
period
Other analyses | 17 | Report other Non applicable
analyses done—eg
analyses of
subgroups and
interactions, and
sensitivity analyses
Discussion
Key results 18 | Summarise key Page 11

results with
reference to study
objectives

“In our single-center retrospective assessment of previously naive
HIV monoinfected patients on an INSTI based regimen, we
observed a significant decrease in the values of FIB-4 and NFS
scores, indicating a reduction in the risk of developing fibrosis in
these patients. Also, we found a significant negative association
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between HIVV RNA load at baseline and FIB-4 variation between
baseline and 12 months, suggesting higher HIVV RNA at baseline
was significantly associated with a greater decrease in FIB-4.”

Limitations

19

Discuss limitations
of the study, taking
into account sources
of potential bias or
imprecision.
Discuss both
direction and
magnitude of any
potential bias

Page 14

“Our study had several limitations. It was a retrospective assessment
of a small predominantly male cohort from one center in the north of
Portugal, with no control group, therefore the results may not be
generalizable to other populations. Our short follow-up time of 12
months allows us only to evaluate the short-term impact of the
INSTIs and may underestimate their effect on liver steatosis and
fibrosis on the long run. We used serum biomarkers to evaluate the
presence of steatosis and fibrosis that have lower sensitivity and
specificity than the gold standard test, liver biopsy. Other limitations
were present in the availability of patient’s data, possibly due to the
COVID-19 period and the use telephonic or virtual consultations.
Weight and height information were not available for every patient
at the three evaluation times, which led to BMI calculation only
being possible in 59 patients. Additionally, only self-reported, not
quantitatively specified, alcohol consumption was available, which
might have led us to underestimate the presence of alcohol
consumption in a small percentage of patients. Furthermore, data on
waist and hip circumferences were not available. Consequently, we
evaluated weight gain only considering BMI, which does not give
information regarding the distribution of fat and presence of visceral
fat, important factors in NAFLD.”

Interpretation

20

Give a cautious
overall
interpretation of
results considering
objectives,
limitations,
multiplicity of
analyses, results
from similar studies,
and other relevant
evidence

Pages 11, 12 and 13

“Although, we did not see any significant changes in the HSI, that
would indicate a change in steatosis, our findings supported that
NAFLD is highly prevalent in HIV-infected patients, as
demonstrated in previous studies. (4)

Macias et al. compared HIV-infected patients with NALFD who
switched from efavirenz to raltegravir (RAL) with patients
maintaining efavirenz-based therapy. After 48 weeks, they found
that the patients who switched to RAL showed a reduction in the
degree of hepatic steatosis, as measured by Controlled Attenuation
Parameter (CAP) as well as a greater proportion of patients without
significant steatosis. (21) This study agrees with our findings in
suggesting that INSTIs do not contribute to the progression of
hepatic steatosis. However, we did not find a similar reduction in
hepatic steatosis. The mentioned study measures hepatic steatosis
using CAP, a much more sensitive method of evaluating this
parameter when compared to the HSI score used in our study, which
might explain the differences in results.

On the other hand, Bischoff et al. showed that patients receiving
INSTIs had a greater development and progression of steatosis and
evolution towards NASH, in relation to increased body weight gain,
which is contrary to our findings. (9) Similarly, a prospective cohort
study showed that INSTIs were related to greater odds of moderate-
to-severe hepatic steatosis. However, they did not find this relation
to be true for every INSTI. This association was present for
exposure to elvitegravir and RAL, but not to dolutegravir (DTG),
even though the patients receiving DTG had the highest weight gain.
(22)

In our study, the INSTI 99% of patients was receiving was DTG.
This way, the previously mentioned study comes to support our
findings, and propose a hypothesis as to why they are not congruent
with previous studies, such as the one performed by Bischoff et al.,
in which INSTIs used are not specified. Although INSTIs appear to
contribute to the progression of hepatic steatosis in HIV
monoinfected patients, this might not be true for DTG, despite its
effect on weight gain. Riebensahm et al. suggested the same
explanation for their findings of lack of relation between INSTIs and
hepatic steatosis. (7) Therefore, to support this claim, more studies
comparing the various INSTIs and their individual effects on hepatic
steatosis are needed.
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The patients in the present study showed a significant increase in
BMI, which could be explained by multiple factors. On the one
hand, several studies demonstrated a greater weight gain in patients
receiving INSTI based regimens, especially DTG and RAL. (23, 24)
On the other hand, studies have shown that the initiation of cCART in
treatment-naive HIV-infected patients is associated with a short
period of weight gain. Considering this is true particularly in
patients with lower baseline CD4+ T-cell count and higher HIV
RNA viral load, this is consistent with a “return to health effect”.
(25, 26)

Contrary to the significant decrease in values of FIB-4 and NFS
scores, we observed a significant increase in BARD score. These
first two scores are continuous variables and BARD score is an
ordinal variable, obtained from an addition of points. Although
BARD score showed a significant increase, 80% of patients had the
same BARD score at baseline and at the last visit, meaning
differences were only visible in 13 patients out of 59 in total. Since
the calculation of this score includes only BMI, AST/ALT ratio and
the presence of diabetes, the fact that BMI showed a significant
increase might have had a great impact in BARD score, possibly
explaining its elevation. Such an impact would not be so visible in
the other scores, since FIB-4 does not include BMI in its calculation
and NFS is a much more complex index with various other liver
function parameters. Additionally, McPherson et al. compared
multiple simple non-invasive fibrosis scoring systems, including the
three scores we used in our study, and found FIB-4 score to have the
best diagnostic accuracy for advanced fibrosis, with an Area Under
Receiver Operator Characteristic Curve (AUROC) of 0.86. The
AUROC for NFS was 0.81 and 0.77 for BARD. (27) Imajo et al.
compared elastography and various risk scores to histology and
found NFS and FIB-4 to be better than other indexes, including
BARD, in predicting advanced fibrosis in patients with NAFLD.
(28) Accordingly, both the guidelines by the European Association
for the Study of the Liver and by the American Association for the
Study of the Liver Diseases advocated the use of FIB-4 and NFS to
rule out advanced liver fibrosis. (3, 12)

The decrease we observed in the risk of developing liver fibrosis, as
demonstrated by the reduction in NFS and FIB-4 values, can
probably be explained by the effects of CART in the suppression of
HIV infection.

HIV infection alone contributes to the development of liver fibrosis,
through multiple processes, such as mitochondrial injury, oxidative
stress, fatty acid accumulation, gut microbial translocation and
immune-activation and proapoptotic effects on hepatocytes. (29, 30)
With viral suppression from cART, these mechanisms are reduced,
thus decreasing hepatic fibrosis markers and scores in the patients
receiving treatment.

Our linear regression model supported this hypothesis by showing
that higher HIVV RNA at baseline was significantly associated with a
greater decrease in FIB-4. This indicates that patients with a higher
activity of HIV at baseline, and consequently more liver damage
induced by the above-mentioned mechanisms, had a greater
reduction in risk of fibrosis with the initiation of treatment.
Therefore, these findings support the early initiation of cCART.
Multiple previous studies come to support our conclusions. Blackard
et al. found an association between plasma HIV RNA levels and
increased FIB-4 in HIV mono-infected women with no cART or
alcohol use, as well as a negative association between CD4 cell
count and FIB-4. (31)

This was also true in HIV-coinfected patients, as shown by Bréu et
al., who demonstrated that HIV suppression with CART led to a
slower progression rate of HCV-induced fibrosis (32), and by Yang
et al. who associated CART initiation with a significant reduction in
fibrosis scores in HIV/HBV coinfected patients. (33)
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Additionally, the findings of our linear regression model suggested
that higher baseline bilirubin is associated with an increase in
BARD, which is in line with previous studies that associate
advanced liver fibrosis with increased bilirrubin. (34) Furthermore,
this model, when adjusted for age and sex, suggested that higher
baseline HDL cholesterol is associated with an increase in NFS,
which is contrary to what has been shown in prior studies that
associate HDL to regeneration and suppression of liver fibrosis.
(35)”
Generalisability | 21 | Discuss the Page 14 _ _
generalisability “It was a retrospective assessment of a small predgmlnantly male
cohort from one center in the north of Portugal, with no control
(external validity) of | group, therefore the results may not be generalizable to other

the study results populations.”
Other
information
Funding 22 | Give the source of | Non applicable

funding and the role
of the funders for
the present study
and, if applicable,
for the original
study on which the
present article is
based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at http://www.strobe-statement.org.
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case no revision is necessary.

Preparing tables

When preparing tables, please follow the formatting instructions below.

e Tables should be numbered and cited in the text in sequence using Arabic
numerals (i.e. Table 1, Table 2 etc.).

e Tables less than one A4 or Letter page in length can be placed in the
appropriate location within the manuscript.

e Tables larger than one A4 or Letter page in length can be placed at the end of
the document text file. Please cite and indicate where the table should appear at
the relevant location in the text file so that the table can be added in the correct
place during production.

e Larger datasets, or tables too wide for A4 or Letter landscape page can be
uploaded as additional files. Please see [below] for more information.

e Tabular data provided as additional files can be uploaded as an Excel
spreadsheet (.xIs ) or comma separated values (.csv). Please use the standard file
extensions.

o Table titles (max 15 words) should be included above the table, and legends
(max 300 words) should be included underneath the table.

e Tables should not be embedded as figures or spreadsheet files, but should be
formatted using ‘Table object’ function in your word processing program.



e Color and shading may not be used. Parts of the table can be highlighted using
superscript, numbering, lettering, symbols or bold text, the meaning of which
should be explained in a table legend.

e Commas should not be used to indicate numerical values.

If you have any questions or are experiencing a problem with tables, please contact the
customer service team at info@biomedcentral.com.

Preparing additional files

As the length and quantity of data is not restricted for many article types, authors can
provide datasets, tables, movies, or other information as additional files.

All Additional files will be published along with the accepted article. Do not include files
such as patient consent forms, certificates of language editing, or revised versions of
the main manuscript document with tracked changes. Such files, if requested, should be
sent by email to the journal’s editorial email address, quoting the manuscript reference
number. Please do not send completed patient consent forms unless requested.

Results that would otherwise be indicated as "data not shown" should be included as
additional files. Since many web links and URLs rapidly become broken, BioMed Central
requires that supporting data are included as additional files, or deposited in a
recognized repository. Please do not link to data on a personal/departmental website.
Do not include any individual participant details. The maximum file size for additional
files is 20 MB each, and files will be virus-scanned on submission. Each additional file
should be cited in sequence within the main body of text.

If additional material is provided, please list the following information in a separate
section of the manuscript text:

e File name (e.g. Additional file 1)

e File format including the correct file extension for example .pdf, .xls, .txt, .pptx
(including name and a URL of an appropriate viewer if format is unusual)

e Title of data

e Description of data

Additional files should be named "Additional file 1" and so on and should be
referenced explicitly by file name within the body of the article, e.g. 'An additional
movie file shows this in more detail [see Additional file 1]'.

For further guidance on how to use Additional files or recommendations on how to
present particular types of data or information, please see How to use additional files.
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Preparing your manuscript

The information below details the section headings that you should include in your
manuscript and what information should be within each section.

Please note that your manuscript must include a 'Declarations' section including all of
the subheadings (please see below for more information).

Title page
The title page should:

e present a title that includes, if appropriate, the study design e.g.:

o "Aversus B in the treatment of C: a randomized controlled trial", "X is a
risk factor for Y: a case control study”, "What is the impact of factor X on
subject Y: A systematic review"

o or for non-clinical or non-research studies a description of what the
article reports

e list the full names and institutional addresses for all authors

o if a collaboration group should be listed as an author, please list the
Group name as an author. If you would like the names of the individual
members of the Group to be searchable through their individual
PubMed records, please include this information in the
“Acknowledgements” section in accordance with the instructions below

o Large Language Models (LLMs), such as ChatGPT, do not currently satisfy
our authorship criteria. Notably an attribution of authorship carries with
it accountability for the work, which cannot be effectively applied to
LLMs. Use of an LLM should be properly documented in the Methods
section (and if a Methods section is not available, in a suitable
alternative part) of the manuscript.

e indicate the corresponding author

Abstract

The Abstract should not exceed 350 words. Please minimize the use of abbreviations
and do not cite references in the abstract. Reports of randomized controlled trials
should follow the CONSORT extension for abstracts. The abstract must include the
following separate sections:

o Background: the context and purpose of the study
e Methods: how the study was performed and statistical tests used
o Results: the main findings

e Conclusions: brief summary and potential implications
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o Trial registration: If your article reports the results of a health care intervention
on human participants, it must be registered in an appropriate registry and the
registration number and date of registration should be stated in this section. If it
was not registered prospectively (before enrollment of the first participant), you
should include the words 'retrospectively registered'. See our editorial
policies for more information on trial registration

Keywords

Three to ten keywords representing the main content of the article.

Background

The Background section should explain the background to the study, its aims, a
summary of the existing literature and why this study was necessary or its contribution
to the field.

Methods

The methods section should include:

e the aim, design and setting of the study
e the characteristics of participants or description of materials

e aclear description of all processes, interventions and comparisons. Generic drug
names should generally be used. When proprietary brands are used in research,
include the brand names in parentheses

e the type of statistical analysis used, including a power calculation if appropriate

Results

This should include the findings of the study including, if appropriate, results of
statistical analysis which must be included either in the text or as tables and figures.
Discussion

This section should discuss the implications of the findings in context of existing
research and highlight limitations of the study.

Conclusions

This should state clearly the main conclusions and provide an explanation of the
importance and relevance of the study reported.
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List of abbreviations

If abbreviations are used in the text they should be defined in the text at first use, and a
list of abbreviations should be provided.

References

Examples of the Vancouver reference style are shown below.

See our editorial policies for author guidance on good citation practice

Web links and URLs: All web links and URLs, including links to the authors' own
websites, should be given a reference number and included in the reference list rather
than within the text of the manuscript. They should be provided in full, including both
the title of the site and the URL, as well as the date the site was accessed, in the
following format: The Mouse Tumor Biology

Database. http://tumor.informatics jax.org/mtbwi/index.do. Accessed 20 May 2013. If an
author or group of authors can clearly be associated with a web link, such as for
weblogs, then they should be included in the reference.

Example reference style:

Article within a journal

Smith JJ. The world of science. Am J Sci. 1999;36:234-5.
Article within a journal (no page numbers)

Rohrmann S, Overvad K, Bueno-de-Mesquita HB, Jakobsen MU, Egeberg R, Tjgnneland
A, et al. Meat consumption and mortality - results from the European Prospective
Investigation into Cancer and Nutrition. BMC Medicine. 2013;11:63.

Article within a journal by DOI

Slifka MK, Whitton JL. Clinical implications of dysregulated cytokine production. Dig J
Mol Med. 2000; doi:10.1007/s801090000086.

Article within a journal supplement

Frumin AM, Nussbaum J, Esposito M. Functional asplenia: demonstration of splenic
activity by bone marrow scan. Blood 1979;59 Suppl 1:26-32.

Book chapter, or an article within a book
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Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In: Bourne GH,
Danielli JF, Jeon KW, editors. International review of cytology. London: Academic; 1980.
p. 251-306.

OnlineFirst chapter in a series (without a volume designation but with a DOI)

Saito Y, Hyuga H. Rate equation approaches to amplification of enantiomeric excess
and chiral symmetry breaking. Top Curr Chem. 2007. doi:10.1007/128_2006_108.

Complete book, authored

Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the management of
common illness. 3rd ed. Oxford: Blackwell Science; 1998.

Online document

Doe J. Title of subordinate document. In: The dictionary of substances and their effects.
Royal Society of Chemistry. 1999. http://www.rsc.org/dose/title of subordinate
document. Accessed 15 Jan 1999.

Online database

Healthwise Knowledgebase. US Pharmacopeia, Rockville. 1998.
http://www.healthwise.org. Accessed 21 Sept 1998.

Supplementary material/private homepage

Doe J. Title of supplementary material. 2000. http://www.privatehomepage.com.
Accessed 22 Feb 2000.

University site

Doe, J: Title of preprint. http://www.uni-heidelberg.de/mydata.html (1999). Accessed 25
Dec 1999.

FTP site

Doe, J: Trivial HTTP, RFC2169. ftp://ftp.isi.edu/in-notes/rfc2169.txt (1999). Accessed 12
Nov 1999.

Organization site

ISSN International Centre: The ISSN register. http://www.issn.org (2006). Accessed 20
Feb 2007.



Dataset with persistent identifier

Zheng L-Y, Guo X-S, He B, Sun L-J, Peng Y, Dong S-S, et al. Genome data from sweet
and grain sorghum (Sorghum bicolor). GigaScience Database.
2011. http://dx.doi.org/10.5524/100012.

Figures, tables and additional files

See General formatting guidelines for information on how to format figures, tables and
additional files.
Submit manuscript
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