S4 File. Discussion.

Confounding factors
The decrease of serum apolipoprotein-A1 in 2020 vs. previous years, as well as the time-related association of serum apolipoprotein-A1 in 2020 and Covid-19 might be due to numerous confounding factors. We acknowledge that consecutive sera were analyzed anonymously and therefore there was an unknown percentage of duplicated subjects with repeated sample over time. In the context of the pandemic it was impossible to perform an ideal prospective study with a population that was representative of the general population, and we used cohorts of subjects requiring surveillance of liver fibrosis biomarkers. Despite these risks of bias, adults at risk of liver fibrosis represent at least 30% of the general adult population in the USA and in France. In these cohorts the median age was over 50, and 70% of the subjects had no (F0) or minimal fibrosis.
The decrease in apolipoprotein-A1 in 2020 compared to 2019, and 2018 cannot be explained by bias due to gender, age, or the cause of liver disease. A decrease in apolipoprotein-A1 could be also explained by a severe liver disease. Our results do not support this hypothesis for two reasons. Firstly, the prevalence of severe cases cannot explain the significant decrease in apolipoprotein-A1 already observed in January 2020. In the 2020 population the prevalence of severe fibrosis (stages F3 and F4) was 20.5% in 2020 vs 22.0% in 2019 which corresponds to the decrease in A2M (Table 1 and S5 Fig), probably due to the improvement of fibrosis in patients cured by active antiviral treatment (DAA) of viral hepatitis C (S3 File).15 In case of more severe fibrosis in 2020, A2M would have increased.13-16 Secondly, GGT a very sensitive liver biomarkers did not change during the first 3 months (S6 Fig).  Thirdly, in these severe liver diseases, haptoglobin should be also significantly decreased (Fig 2A), which was not observed in 2020.
In the US cohort the proportion of sera with NAFLD was increased by 2.0% in 2020 vs 2019 (Table 1). However, no significant changes were observed for total cholesterol, triglycerides, fasting glucose, weight or height (S8 Fig), after stratification by age and gender (data not shown). A significant change in such metabolic factor would suggest a confounding cause for apolipoprotein change. 
The same significant kinetics in apolipoprotein-A1 levels were observed after stratification of the regression curves for gender and age in the three cohorts. The US-cohort was the only sample that had the necessary power to compare these two factors together between 2020 and 2019 and 2018 (Fig 1C), and in the subsets of patients with HCV or NAFLD (S3 Fig) The higher drops were observed in August 2020 for subjects younger than 55 years both for male and female (Fig 1C). Apolipoprotein-A1 decrease was similar during Covid-19 spread versus 2019 and 2018 in the US-cohort (S2 File, S3 Fig). The kinetics of apolipoprotein-A1 were not associated with those of haptoglobin in the US-cohort. As expected, there was a significant haptoglobin increase at the peak of the pandemic in the French cohorts and particularly in the APHP-PSL cohort (S4 Fig). 
For A2M, in the US-cohort, there was a significant lower mean serum value, when compared to 2019 and 2018, and detailed in S5 Fig. This significant decrease of A2M was continuous since January 2018, persisted after stratification by age and gender, but was no more significant in NAFLD sera, for the comparison between 2020 and 2019 years. In HCV sera, the significant decrease of A2M persisted only between the years 2019 vs 2018 after stratification by age and gender. 
The other significant differences were, in the French-cohorts, GGT increased during the pandemic peak and returned to previous years’ value thereafter (S6 Fig), in the US-cohort and a transient increase in ALT in April 2020, (S7 Fig). 
No changes were observed for total bilirubin S8A Fig, total cholesterol S8B Fig, triglycerides S8C Fig, fasting glucose S8D Fig, height S8E Fig or weight S8F Fig.
  
No active drugs were marketed for NAFLD or NASH between 2019 and 2020. We found the same kinetics for apolipoprotein A1 or all the other biochemical tests after exclusion of NAFLD sera.
Using APHP-PSL hospital data, we assessed the risk of other confounding factors in more details, both in patients with Covid-19 and in controls. After admission of the first patient with Covid-19 on January 30, 2020, several units of the hospital were transformed into a Covid-19 reference center in March 2020. Because of the country-wide lockdown, there was a significant decrease in processed FibroTest prescriptions, with a decrease of 12.5 % in April 2020 in France and in the USA. In APHP-PSL, the processing of prescriptions in April 2020 was still between 35% and 50% compared to a mean 12.5% in France (S2C Fig upper panel). This center-effect can be explained by the conversion of the APHP-PSL hospital into a Covid-19 center with a marked increase in the proportion of severe cases. Interestingly the second peak of GGT was contemporaneous of the re-opening of the Hepatology unit in May, and the associated input of sera of severe fibrosis patients (S6A Fig).
In the US-cohort, ALT was the only biomarker of the standard liver function tests which increased significantly at the 13th week of 2020, above the usual mean value observed in 2019 (S7 Fig). This increase in ALT in April and May was not associated with changes of fasting glucose (S8D Fig), height (S8E Fig) or weight (S8F Fig). We have no clear explanation. We hypothesize that another confounding factor could be moderate DILI, including oral acetaminophen or hydroxychloroquine misuse during the pandemic. Such factor could explain an increase in ALT only, without increase in haptoglobin, in subjects with mild symptoms. 
Also, very intriguing was the absence of haptoglobin increase, in the early period of apolipoprotein-A1 decrease.  It was known that in patients with a progression of liver fibrosis these two proteins decrease. The absence of haptoglobin change associated with apolipoprotein-A1 decrease, has never been described before. In the US cohort, the decrease in apolipoprotein-A1 was almost linear (Fig 1B), and haptoglobin remained stable (S4 Fig). The 34 weeks followup, permitted to see the return to normal values of haptoglobin in the APHP-PSL cohort, associated to the decrease of severe Covid-19 cases admissions (S4A Fig). Furthermore, the patients followed in the prospective study who had a recovery, had both a significant increase apolipoprotein-A1 (S9A Fig) and a significant decrease in haptoglobin (S9B Fig) repeated values, 10 days after inclusion.
This negative association between apolipoprotein-A1 and haptoglobin well known in severe pneumonia (S1 Table) was only observed in the two French cohorts with high prevalence of severe Covid-19 and not in the larger US cohort (S2B Fig, S4A Fig).


Variability of A2M
There was a rational explanation for the lower value of A2M observed in the US cohort already observed in January 2020 in comparison with January 2019. Indeed, A2M decreased regularly since January 2018. These results could be explained by the improvement of fibrosis in patients cured by active antiviral treatment (DAA) of viral hepatitis C, probably the main cause of liver fibrosis surveillance. This difference was mostly observed in sera of males with HCV and 55 years of age or older, which is the usual profile of treated chronic hepatitis C.15
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