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Abstract

Background & Aims: It is unclear as to whether ithentification of individuals at

risk of cirrhosis using noninvasive tests can bprowed by repeated measurements.
Methods: Data were derived from the population-d&e&edish AMORIS cohort
with baseline examinations from 1985-1996. Thed3ls-4 index (FIB-4) was
calculated at two time points within 5 years. Tladter, we associated changes in
FIB-4 with outcomes. Incident severe liver diseass ascertained through linkage
with Swedish national registers until 2011. Hazatibs (HRs) and confidence
intervals (CIs) for outcomes were calculated usog regression.

Results: Of 126,942 persons with available FIB-thdé0,729 (32.1%) underwent a
second test within 5 years (mean interval 2.4 yeBnsring 613,376 person-years of
follow-up, 581 events of severe liver disease vaareumented (0.95/1,000 person-
years). An increase of one unit in FIB-4 was asged with an elevated risk of severe
liver disease (aHR=1.81, 95%CI=1.67-1.96). Traositig from a low- or
intermediate- to a high-risk group was associated an increased risk of severe
liver disease compared with those consistentihénlow-risk group (aHR=7.99 and
8.64, respectively). A particularly increased riglsevere liver disease was found in
persons defined as high-risk at both tests (aHR341 B5%CI=11.67-24.88).
However, almost half of all events occurred in thosnsistently in the low-risk
group.

Conclusions: Repeated testing of FIB-4 within Srgamproves the identification of
individuals in the general population at an inceshssk of severe liver disease.
However, the sensitivity is comparatively low antproved tests are needed for

screening in a general population or primary cetgrsy.
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Lay summary: The Fibrosis-4 scoring system is often used taoredg the risk of
advanced fibrosis in liver diseases. Here, we fahatlchanges in this score over
time is associated with the risk of future severerldisease in a population-based
cohort. However, even if the prediction is impro\sadrepeated testing, the overall

ability of the score to predict future events istigely low.
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Introduction

Advanced fibrosis (stage 3-4 by liver biopsy) ie thajor predictor of clinically
significant outcomes [1-3]. Thus, defining the mese or absence of advanced
fibrosis is key in making a prognosis in persontwnown or suspected chronic
liver disease. Persons without advanced fibrosie ladow risk of progression to
cirrhosis within a 10-15-year time frame [2, 4].r@ersely, persons with advanced
fibrosis more frequently experience severe livéstesl endpoints and have higher
overall mortality [1-3]. The gold standard for dieging fibrosis is liver biopsy,

which is not reasonable to use as a screeningrtdatger populations, expressly in a
general population or primary care setting. Seveoalinvasive scores have been
developed to identify individuals with prevalentvadced fibrosis [5-7]. These scores
have all been made from selected populations exigisiéver biopsy with a high
prevalence of advanced fibrosis; their use in gan@pulation settings with a much
lower prevalence of advanced fibrosis is limitedcéntly, we showed that the
capacity of five non-invasive scores to predicideat severe liver disease in a
general population setting was modest [8].

It is not well described whether repeated measoirése available noninvasive
screening tools would improve the usefulness adaheols and whether improvement
or worsening in these measures is associated witmparoved or worsened

prognosis.

Here, we tested the general hypothesis that repp@a@surements of the commonly
used FIB-4 index (FIB-4) would improve the idert#tion of individuals at risk of

severe liver disease compared with a single meamune Our specific aims were to
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1) investigate the association of changes in FiBedsured at two time points with
incident severe liver disease in the general pojonland 2) examine the natural

course of FIB-4 in the same population.
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Material and methods

Study population

We used data from the Swedish Apolipoprotein M@yt& 1Sk (AMORIS) cohort.
AMORIS is a general population cohort that undem®ood sampling between 1985
and 1996 [9]. The cohort includes 812,073 individweho were either taking part in
yearly routine health check-ups through occupatibealth screening or outpatients
in primary care referred for laboratory testing. iNdividuals were hospitalized at the
time of blood sampling. All individuals of the AMOR cohort were residents of
Sweden and predominantly living in Stockholm Cou@¥%o) at the time of blood
sampling. During the testing period, the total dapan of Stockholm County was
about 1.6 million inhabitants. Thus, the AMORIS cdltonstituted a substantial part
of the total population of Stockholm County durihgs period. A detailed cohort
description is available elsewhere [9].

Individuals with information to calculate FIB-4 @&to time points were included in
the study. We chose to focus on FIB-4 in that iswae of the best-performing scores
in our previous analyses [8]. In addition, dataevavailable for a large proportion of
the initial cohort and FIB-4 is one of the most coanly used scores in clinical
practice [10].

Because FIB-4 has been found not to perform welbimnger and older populations
[11], we excluded persons below 35 and above 78yea

We also excluded persons with an ICD-based diagradsany specific liver disease
(e.g., alcohol-related liver disease) at or bel@seline, except for NAFLD. We also
excluded persons with a history of severe liveease (see definition below and in

the Supplementary Appendix) or any diagnosis ofdnualcohol abuse at or before
8
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baseline. Finally, we excluded persons with secon@sts only within 3 months

after the first test. This exclusion was done thuce the risk of selecting persons with
baseline significant liver disease that led togbeond test or persons with falsely
high lab tests. Persons diagnosed with a speoiBc tlisease other than NAFLD or a
drug- or alcohol-related disorder during follow-wpre censored at the time of
diagnosis. A list of all diagnoses and ICD code=dus the current study is presented

in Supplementary Table 1a-b.

Variables

Blood sampling and laboratory analyses
Information on all biomarkers was available frore tiealth examinations in 1985-
1996. All laboratory analyses were conducted oshftdood serum samples (53%
after overnight fasting) at CALAB Medical Laborats, Stockholm, Sweden using a
uniform and well-documented methodology. Technsgedcifications for the applied
methods are listed in the Supplementary Appendue. F1B-4 was calculated as:

« (Age x aspartate aminotransferase, AST) / (Platelet alanine

aminotransferase, ALT) [5].

We categorized persons into low-, intermediate-tagd-risk groups for advanced
fibrosis based on the following suggested cut-o#4:30 (low risk), 1.3-2.67
(intermediate risk and >2.67 (high risk). Howewee, did not change the lower cut-
off for persons$>65 years of age to 2.0, as has been suggestediHi]approach was
introduced to reduce false-positive findings ingoeis>65 years, but how this should
be applied using repeated measurements has notbekmted and is not entirely

straightforward. For instance, a person at theoh@d years at a first test with a score
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of 1.9 (intermediate risk) would be re-categoriasdow risk when he or she reached

65 years, provided that AST, ALT and platelets rieve@ stable.

As a person’s first test, we selected the recoraviach FIB-4 could be calculated for
the first time. As the second test for the same@erwe used the last record within a
5-year time frame. This tactic was used as we pusly showed that the prediction
of incident severe liver disease is best in a ghairhe frame [8]. In a sensitivity
analysis we included every person with a secortdatéisin the full study period,
giving a theoretical time between tests of 12 yeafs chose the second test with the
longest possible duration from the first test. lgtance, if a person had a second test
in year 3 and an additional test in year 4, the yeast was chosen as the time of the

second test in the main analysis.

Information on covariates

The Swedish personal identification number is @uail2-digit code provided to all
Swedish residents [12]. The personal identificahamber was used to link the
laboratory data from the study cohort to Swedigional registers and other
databases to obtain information on body mass i(@&K), presence of type 2
diabetes mellitus (T2DM) and other covariates [Opersons for which such data
were available.

Information on BMI was retrieved from the baselivealth examinations where
available but also from the Swedish Medical Birétgiter, national quality of care
registers and research cohorts at Karolinska utstipreviously linked to the
AMORIS cohort [10]. We allowed BMI to be used iftdavere present within 4 years

before the first test. T2DM was defined as predfiehe person had a serum glucose
10
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from a baseline testing of >126 mg/dl (fasting»@00 mg/dl (non-fasting) or was
listed in the Swedish National Diabetes Registdraut a self-reported T2DM
diagnosis from a linked research cohort, or if@D lcode corresponding to diabetes
was present in the National Patient Register aetore baseline [10]. In all cases the
age at first diagnosis of T2DM had to b5 years to reduce the risk of
misclassifying persons with type 1 diabetes.

Information about socioeconomic status was obtafreed the national population
and housing censuses for 1970-1990 [13]. Socioenanstatus was classified as

blue- or white-collar workers.

Follow-up

Follow-up started at the date of the second tedteacled at an outcome event,
emigration, death, a diagnosis of a specific Idisease other than NAFLD (e.qg.,
Hepatitis C) or end of follow-up (December 31, 2P idhichever came first. To
ascertain outcomes linkage to nationwide Swedigisters using the personal
identification number was conducted. A descriptibthe registers used for outcome
ascertainment is available in the Supplementaryefdidix. The completeness and
overall quality of the registers are consideredi-16]. Severe liver disease was
defined as an ICD code corresponding to a diagrdsisrhosis, liver failure,
hepatocellular carcinoma, liver transplantatiorgaepensated liver disease or death
in liver disease as the main cause of death. Deensgted liver disease was defined
as coding for esophageal varices, ascites, hepaiasgndrome or hepatic
encephalopathy. ICD codes used to define outcomedssted in Supplementary

Table la.

11



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Repeated measurements of FIB-4 and severe liveasks

Analyses

First, we investigated transitions from one ris&ugy to another from the first to the
second test. In the proportional hazards regressiatyses persons classified as low
risk at both tests were used as the reference gWemlso analyzed the hazard ratio
(HR) associated with a one-unit change over timelB¥4 as a continuous variable.
Second, we estimated sensitivity, specificity, izgaand positive predictive values
(NPVs and PPVs) and overall test accuracy for theebpment of severe liver
disease based on transitioning between tests.anliysis used persons classified as
low risk at both tests as the comparator grougcarsd group was established from
persons classified as intermediate in the secatdaehird group was constructed
from persons classified as high in the second &est;a fourth group was created
from persons classified as high at both tests. & heslyses excluded persons that
transitioned from the high- or intermediate-riskgps to the low-risk group. We also
compared key characteristics of the persons indudéhe study to those that only

had a single testing occasion where FIB-4 coulddbeulated.

Statistical analysis

Participant characteristics were described usingmaepercentages, medians and
interquartile ranges (IQRs). The incidence proportf severe liver disease was
calculated as the number of events during followdivided by the number of
individuals at risk at baseline during the defiséaldy period. Cox proportional
hazards models, with attained age as the time,seale used to estimate HRs

together with 95% confidence intervals (95%ClIs)teEhmodels were estimated:

12
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model 1 adjusted for age, model 2 additionally sijd for sex and socioeconomic
status and model 3 additionally adjusted for theetbetween tests.

In the analysis in which the FIB-4 had been group&aithree risk categories at the
respective time points (low, intermediate and higk) the low-low group was used
as the reference category. In the analysis in wihielFIB-4 was treated as a
continuous variable we used the baseline scordhegeith the change in score
between the two time points. The change in the &£Ber a 5-year period was
calculated using the difference between an indafidlbaseline value and the last
measurements between 3 months and 5 years afdmieag he average yearly
change in the FIB-4 was then calculated by fitangast-squares regression line with
95%CI to the mean of the differences for each 3ppaiod after baseline. In
addition, we calculated the specificity, sensitiviPPV, NPV and general test
accuracy for the development of severe liver diseasing the follow-up. Statistical
analyses were conducted using STATA version 154dt§Sorp LLC, College

Station, Texas, USA).

Ethical considerations

The study was approved by the Regional Ethics Cateenin Stockholm (Dnr.
2010/1047-31/1). Informed consent was waived kyhtbard because the study was

strictly register-based.

13
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Results

There were 126,942 individuals in which the FIBetild be calculated at least once
during the study period. We excluded individualeevéhFIB-4 could only be
calculated once (n=79,705). To reduce the riskoiding persons with a high
probability of a falsely high FIB-4 at the firststeng time, we also excluded 2,862
individuals who had a second test done within 3tim®of the first test, but never
again after that period. From the remaining 44 8ddviduals (35.0% of the full FIB-
4 cohort), 40,729 (91.8%) had the second test wihyears from the first test.
These 40,729 individuals constituted the study faifn for the main analysis,
whereas the 44,375 persons with a second tesydina@ during the 12-year baseline
study period were included in a sensitivity analysi

After the second test, the cohort was followedafonedian time of 16.2 years (IQR
12.1-19.2), corresponding to 613,376 person-y&desascertained 11,929 (29.29%)
deaths and 581 events of severe liver disease%).d@ring the follow-up. In all,
1,212 persons (2.98%) emigrated from Sweden artd 4,805%) were diagnosed
with a specific liver disease other than NAFLD avete censored.

The median age at the first test was 54.5 yeaR @ 5-65.1) and 41.2% were male.
The median value of the FIB-4 at the first test @& (IQR 0.67-1.24) and the
proportions of persons in the low, intermediate higgh-risk groups were 77.8%,
20.7% and 1.5%, respectively.

Characteristics of the cohort at the time of thet fand second tests are presented in
Table 1 while corresponding information stratifiegrisk groups based on the first
and second tests is shown in Supplementary Taléfdrences in key parameters

between the persons included in this study comp@aredrsons that only had a single

14
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testing occasion (n=79,705) are presented in tipplBmentary Table 4. In brief, the
included persons were slightly older (55.0 vs 524rs) but the overall risk of severe

liver disease was similar (mean difference 0.09585G1 -0.04 — 0.24).

The median time between tests was 2.4 years (IQR.9). The mean annual change
in the FIB-4 over 5 years was 0.020 units (95%@)46-0.023). Men had a faster
progression rate (mean annual change 0.030, 95%@25®.035) compared with
women (0.013, 95%CI=0.009-0.018). This increase suadar using data from all
tests during the 5-year period (estimated annuahge=0.027, 95%CI1=0.024-0.031)
and slightly higher in the sensitivity analysisngsdata from the full 12-year follow-
up (mean annual change 0.024, 95%CI=0.022-0.025).

The rate of change was also associated with agje assomewhat faster progression
in persons65 years in both men (mean annual change 0.032029) and women
(0.018 vs. 0.011) (Supplementary Figure 1). Of46g29 included persons, 30,435
(74.7%) were below 65 at the time of the first st of these, 2,295 (7.5%) were 65

or older at the time of the second test.

Transition between risk groups

The number and proportion of persons that werdestalchanged risk groups based
on the FIB-4, total events of severe liver diseasgdence rates and corresponding
HRs are presented in Table 2. About 25% of allgesschanged the risk group from
the first to the second test. Transitioning was @smmon in persons in the group
defined as low risk at the first test (13.3%) ¥& intermediate- (36.9%) and high-risk

group (58.7%) (Table 2).

15
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In persons classified as low risk at both tes&) aked as the reference group
(n=27,466 [67.4%]), there were 281 events of selreee disease (1.0% of exposed
persons in that group, corresponding to 48.4%lahadnts). Compared with this
group, an increased risk of severe liver diseasefauand for all other categories,
except for persons initially classified as intermagel risk who transitioned to low risk.
In that group (n=2,661 [6.5%], 1.1% experiencecaent) the risk was comparable
with the reference group (adjusted HR [aHR]=0.%B26Z1=0.66-1.43). The highest
risk was found in persons classified as high ridiath time points (n=250 [0.6%],
13.2% experienced an event, aHR=17.04, 95%CI|=124638).

A one-unit increase in the FIB-4 between the tvgtstevas also associated with an

elevated risk of severe liver disease (aHR=1.8%®B-1.67-1.96). A restricted

cubic spline model of the risk of severe liver dise associated with an increase in the

FIB-4, modelled as a continuous predictor, is depién Figure 2. Using a Kaplan-
Meier analysis, the risk of severe liver diseasatisied on the nine subgroups is

presented in Figure 3, with median time to eveasented also in Table 2.

General test characteristics (sensitivity, speityficNPV, PPV and general test
accuracy) for the pre-specified transitioning gr@ape listed in Table 3. For persons
in the high-risk group at the second test, theiseitg for predicting future severe
liver disease was 0.21, specificity 0.97, NPV (a@8d PPV 0.09, yielding a general
test accuracy of 0.96. For persons at high ridio#t tests, sensitivity was 0.10,

specificity 0.99, NPV 0.99 and PPV 0.13, resuliimg general test accuracy of 0.98.

16
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Sensitivity analysis

Using a second test at any time during the 12-gaseline follow-up period produced
similar results as the main analysis. For instatieerisk of a one-unit change in the
FIB-4 between the two tests was 1.82 in the setitgitinalysis vs. 1.81 in the main

analysis. Detailed data are given in Supplementabje 3.

17



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Repeated measurements of FIB-4 and severe liveasks

Discussion

In this study, conducted in a general populatidtiree we found that repeating the
FIB-4 within a 5-year period can, in comparisonhaatsingle measurement, help to
identify persons that are at higher risk of develgsevere liver disease, a clinically
relevant endpoint. An increase in the FIB-4 overetiwas associated with higher risk
while a decrease in the FIB-4 was associated willnced risk. However, even if
there were a clear association between highebaskd on FIB-4 from the
ascertained 581 events of severe liver disease(484%) of these events were
found in persons classified as low risk at botlstebhis finding, however, is better
compared with only using a single test, where 74d8%ersons that eventually
developed severe liver disease were found in theriek group [8], but also a clear
indication of the need for improved noninvasiverssf liver disease risk and
progression in the general population.

About one third of the population was classifiedrdsrmediate or high risk at one of
the two tests, but only 1.43% developed severe tisease in up to 27 years of
follow-up. This finding suggests that if used ageaeral population screening tool
and requiring all persons with an intermediateighhest to undergo additional
testing such as transient elastography [17], a@&lprgportion of the tested persons
would have been referred because of false-poditidengs, potentially straining
healthcare systems and undoing exposure of phyaichpsychological stress for
many healthy individuals.

The absolute risk of incident severe liver diseaas low (below 2%) in persons that
were classified as low or intermediate risk at ahthe tests; in contrast, the absolute

risk was considerably higher (from 6-13%) in pessdefined as high risk at any of

18
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the two tests. This observation suggests that psrslassified as high risk should be
referred to additional evaluation to verify theghirisk’ classification.

There was no clinically significant increase inggotion when comparing persons at
high risk on one test occasion compared with persdmigh risk on both tests. While
a strategy to test persons at high risk on botis tesuld lead to an improved
specificity and a lower number of false-positiviliss was not a major problem and
likely counteracted by capturing a lower numbepeifsons that developed severe
liver disease, i.e. producing more false-negaegtst These data support the strategy
that persons at high risk should undergo additidrednostics (e.g., elastography)
directly and that a ‘wait-and-see’ strategy is remommendable.

The change across risk groups with time was coraddie but transitioning from a
low- to high-risk classification was rare withirbayear period (only 0.4%) and still
uncommon in transitioning from an intermediate ightrisk (5.3%). However, we
cannot exclude the possibility that the improvemeriiB-4 was largely due to a
falsely high score at the first test and subsedy@ntesult of regression towards the
mean. Indeed, persons at high risk on the firstitad the highest probability of a

change in score.

We present data from a large population-based tshaty on the natural history of
the development of FIB-4 over time, with a mea®.0R0 units per year but
markedly affected by age and sex. The finding$isf$tudy can be an important
reference point in identifying individuals in thergeral population at risk of severe

liver disease in future studies.

19
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Comparison with previous studies

These results can be compared with some previadgest For instance, Vergniol et
al showed that delta values of FIB-4 predicted aldytsignificantly better than just a
baseline value in patients with hepatitis C [18]pfovement in FIB-4 has been found
to associate with improved fibrosis using gold d&ad liver biopsy in a clinical trial
of patients with non-alcoholic steatohepatitis [18}d worsening of FIB-4 has been
associated with histological progression of fibsasia landmark dual-biopsy study
with in median 6.6 years between biopsies [20]0A American Diabetes
Association meeting abstract reported that in geldr2DM population about 0.7%
progressed from low to high risk after approximatelears, which can be compared
with 0.4% in our study. However, the main resuftthat study are yet to be
published [21]. That finding gives some indicattbat, compared with the general
population, the rate of fibrosis progression igdag persons with diabetes, which is
an important risk factor for incident severe ligesease [22].

Strengths and limitations

The data in the present study are derived fromge lpopulation-based cohort and
thus generalizability to western countries (sucBwagden) should be high. All
laboratory tests were performed using the sameaudstbver time and with a low
coefficient of variation (good precision), yieldimgell-defined and comparably high-
quality exposure data with a low misclassificatadrexposure. The high-quality
Swedish national registers allowed us to identiffcomes with little loss to follow-
up. We selected ‘hard’ outcomes (i.e. outcomesdhatmportant to patients and that

can be objectively and independently measured)ualikiely to be misclassified. Any
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misclassification of events is unlikely to be asatad with the exposure (FIB-4) and
thus non-differential and should not bias the nfimdings of this study.

Some limitations should be mentioned. First, wandbknow the reason for the
inclusion of transaminases or platelets at eitfidéh@two testing occasions.
Nonetheless, a large part of the cohort was sangsqxirt of routine health care in
occupational care and not due to symptomatic desdasaddition, we excluded those
with known (diagnosed) liver disease before th&t fiaseline examination or with
secondary tests only within a 3-month period &ferfirst test to reduce the risk of
selecting persons with baseline significant livisedse that led to the second test, or
persons with falsely high lab tests. Also, the gahesk for severe liver disease was
not significantly higher than in those with onlgiagle measurement of FIB-4 which
suggests a low risk of selection bias. Second,amaat be sure that all events are due
to NAFLD, although we did censor any person wipacific liver disease other than
NAFLD or with coding for alcohol-related cirrhosss alcohol use disorders at
baseline or follow-up, which is why most events ldely due to NAFLD. Still, we

did not have access to data on alcohol consumpfioere may be undiagnosed or
wrongly coded cases with cirrhosis or decompengatédabsis (e.g., bleeding varices
coded as a peptic ulcer), which would drive oumeastes towards the null and the
risk of severe liver disease might be higher. Moegpthe selected ‘hard’ outcomes
are likely to lead to contact with specialized ¢avhich would explain why the
ascertained cases should have a low likelihoodisélassification. Finally, the cohort
was sampled approximately 30 years from today. Suabhort should have a lower

prevalence of obesity and likely a lower prevaleotBAFLD compared to today.
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Implications

Based on these data, it seems likely that, in émel population, adding a second
measurement of FIB-4 can enhance the identificatfandividuals at risk of severe
liver disease later in life. The absolute risk e¥ere liver disease in persons classified
as low or intermediate risk at both tests, howewas below 2% within 27 years of
follow-up. And we previously showed that the ridksevere liver disease within 5
years is very low in persons defined as low (0.18%htermediate risk (0.38%) per
the FIB-4 [8]. Therefore, our data support the eation that persons defined as
intermediate risk could be considered for repetasting and lifestyle modification
(e.g., weight loss, physical activity), with repsétesting within 5 years. In contrast,
persons defined as high risk should undergo aditidiagnostic testing (e.g.,
elastography) directly without repeated testing k-4 [23]. Future research is
needed to evaluate the significance of a chan§¢8rm (or other scores) in other
populations, in particular, those at a higher agkver disease. When used in the
general population, a definition of new cut-offééwv for FIB-4 could be considered.
Even more attractive would be the constructiones iscores designed for use in the
general population. Such scores should ideallynbrpensive and convenient and

based on readily available data to allow for usprimary care.

Conclusions

A second measurement of FIB-4 within 5 years offitts¢ was found to improve the
identification of individuals at risk of future sene liver disease in this population-
based 27-year follow-up study of more than 40,08@@ns. However, there were

considerable changes in the risk classificatiorr tivee, with one third of the

22
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population being defined as at intermediate or higjof having advanced fibrosis
on at least one of the two tests. In particulartfiose in the intermediate risk group,
the absolute risk of severe liver disease was lodvadthough repeated testing
improves identification of at-risk individuals, shmay lead to an increase in false
positives. New and improved scores are needee ifise of noninvasive scores in the

general population were to be considered for sanggrurposes.
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Figure legends

Figure 1. Mean changes in the FIB-4 with 95% confidence irgkr during the 5-year study

period in the full cohort stratified by sex usimgt squares regression.

Figure 2. Restricted cubic spline reflecting the risk of seviever disease and change in the

FIB-4 between two time points.

Figure 3. Kaplan-Meier curve of the risk of severe livesafise stratified on the nine
subgroups from the time of the second test dutieditst 10 years of follow-up.

Clarification: Group 1 signifies low risk, groupr&ermediate risk and group 3 high risk, with
the first figure being the risk group at the fite$ting occasion and the second figure being
the risk group at the time of the second test. graup 11 denotes persons defined as low risk

at both testing occasions.
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Tables

Table 1.Characteristics of the cohort with FIB-4 measuaetivo time points within 5 years

at the time of the first and last available measiena. * Missing data in about 5% of the

cohort. Abbreviations: ALT, alanine aminotransfera&ST, aspartate aminotransferase. FIB-

4, fibrosis-4 index. Gamma-GT, gamma-glutamyltrare$e. IQR, interquartile range.

Variable First test Last measurement
Person-years at risk (median/IQR) (14.?52.0) (12%]_(?'129.2)
Male (N/%) (13’723/5) (}1?'.72%/3
Attained age at inclusion (N/median/IQR) (45.5541?655.1) (48%7-617.9)
Attained age at exit (N/median/IQR) 6 4;2_692.0) (647.223:2421.0)
Number of events after the last measurement (N/%) - (15,83%&)
Time between tests (years, median/IQR) h (1'3;3.9)
FIB-4 value (median/IQR) (0.607.?1%24) (0.7%?532)
FIB-4 Low (N/%) (3717’%%/8) (37(112210%
FIB-4 Intermediate (N/%) (504;102) (337;;))
FIB-4 High (N/%) (fg;)) (zécl)?/o)
Change in FIB-4 from the first test (median/IQR) - (_0.55?0524)
ALT (IU/L, median/IQR) (152_130) (162—21)
AST (IU/L, median/IQR) (162-025) (162-%5)
Platelets (1079, median/IQR) (22%%06) (2123%92)
gamma-GT (IU/L, median/IQR) (15_032) (152-%6)
Total cholesterol (mg/dL) (median/IQR)* (19?;55) (2021?555)
Triglycerides (mg/dL) (median/IQR)* (71?550) (711_ 01%9)
Glucose (mg/dL) (median/IQR)* (8:?—%7) (839—099)
Blue-collar worker, (N, %)* (253,:;%2) (’éi%?/f)
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Table 2. Associations of transitioning between risk grobpsed on FIB-4 and a numeric change in FIB-4 medsup until 5 years after the first test (as a

continuous parameter) and incident severe livaxadis after the second test. All models used atta@ige as the timescale: model 1 adjusted for agdeh2

additionally adjusted for sex and socioeconomitustand model 3 additionally adjusted for the tlmeéween tests.

Abbreviations: Cl, confidence interval. FIB-4, fisis-4 index. HR, hazard ratio. pyr, person-years.

Median FIB-4 HR (95% Cl)
% Median time to
Fusttest  Secondtest  N@g WSt Seond  Evens obofal  ewems mcidenceper  menGems . .
group
Low risk Low risk (277’.1‘22) 0.76 0.80 281 48.36 1.02 o 5%?571) (15.11?9.7) 1.00 1.00 1.00
e mediare (fé.lfoc/)o) 1.07 1.50 81 13.94 1.98 (1.1lzif111.76) (9.%—51'8.1) (1.2%—?11) (1.215'?21.09) (1.2%?2?11)
High risk (olé;z)) 1.04 3.10 7 18 6.14 (3.1%?103.9) (1.57-'196.0) (3.8%5.43) (3.7;%.81) (3.7&22.97)
IrinstlfrmedIate Low risk (%’.gg/i) 1.49 1.09 30 {1° 113 (0.5%?319) (9.3?1'2.1) (0.6%?]?44) (0.6%?]?43) (0.6%?17.43)
Ir?stlf mediare (153’?13;,) 1.63 1 108 17.38 1.89 (1.216—513TSG) (7.1—31';.0) (1.217'?209) (1.2];32906) (1.214?2905)
High risk (fiolm) 1.93 3.03 3 6.02 .76 (6.0€3&if1111.7) (3.5?'194.6) (6.0?12.72) (5.9%%.41) 5.9?5.-?.2.(52)
High risk Low risk (o?%) 3.35 0.95 8 0.52 361 (0.92?;?87.91) (8.21523.6) (1.2gi22.47) (1.2%?2.34) (1.21?2.13)
o medate (02.;;)) 3.00 2.00 10 172 3.68 (1.937'%3.81) (4.},?1'&13.2) (2.03;?73.45) (2.033'?74.29) (2.030'?70.20)
High risk (02.2&) 3.41 3.52 33 5.68 13.20 (111.?‘21;.2) (2.77-'i2.5) (12.%;%.95) (11.%?51.30) (ll.é;:gj.BS)
t%i?g ge In FiB-4 between ?1063(?/3 0.91 0.96 581 100.00 ~ 1.43 (0.8%-915.03) _ (1.6];3596) (1.6];?11.96) (1.617'?11.96)
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Table 3. Test characteristics of persons defined as atnmadiate and high risk at the second
(final) measurement and persons defined as higtatigoth tests. Each group was compared
with persons defined at low risk at both tests basetransitioning between risk groups
between tests. Low: Persons defined as low rislott tests. Intermediate: Persons defined as
intermediate at the second test. High at last pessons defined as high at the second test.
High at both tests: persons defined as high at testis. Abbreviations: NPV, negative

predictive value. PPV, positive predictive value.

11

13

Risk group N exposed N with outcome N without outcome
Low 27,466 281 27,185 NPV=99.0
Intermediate at _
second test 9,704 192 9,512 PPV=2.0
Sensitivity=40.6 Specificity=74.1 Accuracy=73.7
Risk group N exposed N with outcome N without outcome
Low 27,466 281 27,185 NPV=99.0
High at second 815 75 740 PPV=9.2
test
Sensitivity=21.1 Specificity=97.4 Accuracy=96.4
Risk group N exposed N with outcome N without outcome
Low 27,466 281 27,185 NPV=99.0
High at both _
tests 250 33 217 PPV=13.2

Sensitivity=10.5

Specificity=99.2

Accuracy=98.2
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Taking repeated measurements of FIB-4 can improve identification of
individuals at risk of severeliver disease: A population-based follow-up study of
40,729 individuals

Supplementary Appendix

Description of laboratory analyses conducted at baseline

Aspartate aminotransferadST) andalanine aminotransfera¢ALT) were determined
with an enzymatic UV test and Gamma-glutamyltraresfe (GGT) by an enzymatic
colorimetric test using a Technicon DAX 96 Multicimel Analyzer with a total
imprecision of <6.0% coefficient of variation (C\Platelets were determined by a
fully automated hematology analyzer using the Gouitinciple with a total
imprecision of 2.1-5.6% CV. Total cholesterol arnidlycerides were measured by
enzyme techniques. Glucose levels were analyzddamienzyme colorimetric
technique (glucose oxidase/peroxidase, GOD-PARgumitomated multichannel
analyzers [AutoChemist-PRISMA® (New Clinicon, Stbokn, Sweden) and
Technicon DAX® TM 96 (Technicon Instruments Cofayrytown, NY, USA)].
Creatinine levels were analyzed with the non-kmatkaline picrate method (Jaffé)
using an AutoChemist-PRISMA from 1985 through 1888 a DAX 96 analyzer

from 1993 through 1996. The CV was <3% for all lathory tests.

Description of Swedish National Registers

The National Patient Register (NPR) contains datalbhospitalizations regionally

since 1964 and nationally since 1987 and on owpgtisits in specialized care since
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2001. The validity of diagnoses of relevance fas gtudy obtained ranges from 85-

95%, depending on diagnosis [1]. Primary care tdmzguded in the NPR.

The Cause of Death Register contains data on tieesadf death of all Swedish
inhabitants, including whether the person died atbrd@he responsible physician must
report the underlying cause of death (e.g., hep#ltdar carcinoma) and any disease

that could have contributed to the death of théviddal (e.qg., liver cirrhosis) [2].

The Swedish Cancer Register contains data on e@rsiolid and non-solid tumors
since 1958, irrespective of the diagnostic modaRgporting is mandatory by law for
all confirmed (diagnosed) cases to this registbe dompleteness of the register is

estimated to be about 96% [3].
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Diagnosis ICD-10 (1997-) ICD-9 (1987-1996) ICD-8 (1969-1986) ICD-7 *
Severe liver disease

Liver failure, acute or subacute K72.0 570 570

Ascites R18.9 789.5 785.3

Esophageal varices, bleeding 185.0, 198.3 456.0, 456.20 456.0

Esophageal varices, non-bleeding 185.9, 198.2 456.1, 456.21 456.0

Hepatorenal syndrome K76.7 572.4

Liver failure, chronic K72.1 572.8 573

Liver cirrhosis K74.6 571.5 571.9

Liver encephalopathy 572.2 573.02

Liver failure not otherwise defined K72.9

Portal hypertension K76.6 572.3 571.9

Hepatocellular carcinoma C22.0 155.0 155.01 155.0

Procedure codes
Liver transplantation JJCo0, JJC10, JJC20, DJ0OO5, DJOO6, JIC30, JIC40 5200 5200
Laparocentesis TJAL0 4041 4041

Supplementary Table 1la. ICD codes used to define endpoints. * ICD-7 waly ased in the Swedish Cancer Register.
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Liver disease ICD-10 (1997-) ICD-9 (1987-1996) ICD-8 (1969-1986)

AAT deficiency E88.0A, E88.0B 277.6

Alcohol-related liver disease K70 571.0-3 571.00, 571.01

Autoimmune hepatitis K75.4

Budd-Chiari syndrome 182.0, K76.5 453.0

Hemochromatosis E83.1 275.0 273.20

PBC K74.3, K74.5 571.6

PSC (K50 or K51) + K83.0 (555 or 556) + 576.1 563 + 575.05

Wilson E83.0B 275.1 273.30

Viral hepatitis B15, B16, B17, B18, B19 070, 571.4 070, 999.20

Alcohol/drug use disorders

Alcohol-related diagnoses E24.4, F04.9, F10, G31.2, G62.1, G72.1, 142.6, K29.2, K85.2, 255, 294.0, 291, 303, 305.0, 357.5, 359.4, 425.5, 535.3, 577, 258, 291.1, 299,
K86.0, 035.4, X65, Y15, Y91 655.4

Other drug use disorders F11-F19 292, 305

Supplementary Table 1b. ICD codes used to define liver diseases other NARLD and diagnoses associated with alcohol ogdrse disorders. AAT,

alpha-1-antitrypin. PBC, primary biliary cholangitPSC, primary sclerosing cholangitis.
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Low- . Intermediate- Intermediate- Intermediate- . High- . .
Parameter Full Cohort Low-Low Intermediate Low-High Low Intermediate High High-Low Intermediate High-High
Number of persons 40,729 27,466 4,100 114 2,661 5,332 451 83 272 250
Person-years at risk (years) 613,376 442,704 57,308 1,060 36,198 66,168 4,160 1,044 2,730 2,003
Person-years at risk, 16.21 16.81 15.63 7.94 15.51 13.69 8.92 14.84 10.14 7.30
median (IQR) (12.11-19.16) (15.13-19.71)  (9.46-19.12) (1.55-15.99) (8.95-18.09) (7.39-17.04) (3.53-14.57) (8.79-17.57) (4.37-15.25) (2.74-12.50)
Male, n (%) 16,792 10,734 1,917 77 1,123 2,386 237 41 139 138
' (41.23) (39.08) (46.76) (67.54) (42.20) (44.75) (52.55) (49.40) (51.10) (55.20)
Attained age at inclusion, 57.12 51.92 (45.31- 65.14 (568.14- 65.20 (53.69- 65.39 (56.37- 72.13 (65.22- 73.77 (67.60- 57.06 (48.74- 73.24 (65.78- 73.06 (65.88-
median (IQR) (47.98-67.89) 60.57) 72.42) 73.67) 72.91) 76.91) 78.41) 69.25) 78.07) 78.24)
Attained age at exit, 72.94 68.78 80.17 73.94 79.17 84.07 82.72 70.58 82.69 80.68
median (IQR) (64.81-82.01) (62.56-76.82) (72.40-86.13) (66.08-83.19) (71.46-85.72) (78.28-88.91) (76.20-88.08) (63.66-80.23) (75.42-87.98) (72.14-87.23)
Number of events, 581 281 81 7 30 101 35 3 10 33
n (%) (1.43) (1.02) (1.98) (6.14) (1.13) (1.89) (7.76) (3.61) (3.68) (23.20)
Years between 1% and 2™ 2.41 2.29 2.86 2.53 2.44 2.64 2.92 1.52 2.25 2.11
tests, median (IQR) (1.23-3.89) (2.17-3.77) (1.55-4.18) (1.46-4.20) (1.24-3.93) (1.35-4.03) (1.61-4.02) (0.78-3.43) (1.18-3.76) (0.98-3.46)
FIB-4 at baseline, 0.96 0.80 1.50 3.10 1.09 1.71 3.03 0.95 2.00 3.52
median (IQR) (0.70-1.32) (0.62-0.99) (1.38-1.70) (2.84-3.75) (0.93-1.19) (1.49-2.00) (2.82-3.51) (0.76-1.10) (1.62-2.30) (3.02-4.72)
Change in FIB-4 from 1% 0.05 0.03 0.49 2.18 -0.45 0.06 1.20 -2.42 -1.12 0.09
test, median (IQR) (-0.13-0.24) (-0.10-0.17) (0.32-0.72) (1.77-3.16) (-0.70--0.29) (-0.17-0.31) (0.79-1.63) (-3.34--1.94) (-1.68--0.68) (-0.46-0.87)
ALT (IU/L), 21.76 22.35 21.18 47.35 21.18 20.59 22.94 22.94 21.18 28.53
median (IQR) (15.88-31.17) (16.47-31.76) (15.29-31.76) (17.06-122.35) (15.88-28.82) (15.29-28.23) (14.12-42.35) (17.06-33.53) (14.70-30.88) (17.65-55.29)
AST (IU/L), 20.00 18.82 24.12 64.41 18.82 22.94 32.94 19.41 24.12 37.64
median (IQR) (16.47-24.70)  (15.29-22.94) (20.00-30.59) (31.76-128.82) (15.88-22.35) (19.41-28.23) (25.29-52.35) (16.47-25.29) (20.00-30.59) (26.47-70.00)
Platelets (10°%), 251 266 220 179 251 209 167 261 198 142
median (IQR) (213-292) (231-306) (191-253) (148-212) (218-287) (181-240) (141-199) (221-305) (165-233) (114-175)
gamma-GT (IU/L), 21.60 21.60 22.80 61.19 22.20 21.60 29.99 25.19 23.40 52.79
median (IQR) (15.00-35.99) (14.40-34.79) (15.60-40.79) (26.39-185.96) (15.60-37.19) (15.00-37.19) (16.20-91.18) (17.40-40.79) (16.80-53.39) (21.60-127.77)
Total cholesterol (mg/dL)*, 228 224 232 224 232 232 224 237 224 216
median (IQR) (201-255) (197-255) (205-259) (189-266) (205-259) (205-259) (193-255) (205-263) (197-251) (189-247)
Triglycerides (mg/dL)*, 106.20 106.20 106.20 123.90 115.05 106.20 97.35 123.90 115.05 106.20
median (IQR) (70.80-159.30) (70.80-159.30) (79.65-159.30) (79.65-185.85) (79.65-168.15) (70.80-150.45) (70.80-150.45) (79.65-185.85) (79.65-168.15) (79.65-168.15)
Glucose (mg/dL)*, 90.09 90.09 90.09 91.89 91.89 90.09 91.89 93.69 95.50 95.50
median (IQR) (82.88-99.10) (82.88-99.10) (82.88-100.90) (82.88-100.90) (84.68-100.90) (82.88-100.90) (82.88-106.31) (82.88-106.31) (84.68-107.21) (86.49-113.51)
Blue-collar worker*, 21,265 14,145 2,114 58 1,400 2,994 236 41 139 138
n (%) (54.31) (53.26) (53.74) (55.77) (55.29) (59.31) (56.32) (53.25) (55.60) (58.72)
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Supplementary Table 2. Characteristics of the cohort with FIB-4 measuattivo time points within 5 years at the timelwd first measurement and stratified by
risk groups at the first and second tests. For @i@niLow-Low’ means the subgroup of the cohort wafined as low risk at both tests. *Missing datalbout 5%
of the cohort. Abbreviations: ALT, alanine aminaisferase. AST, aspartate aminotransferase. FIBsfs-4 index. Gamma-GT, gamma-glutamyltransteras

IM, intermediate. IQR, interquartile range.
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Supplementary Table 3. Last measurement of FIB-4 within 12 years frometias. Associations of transitioning between riskups based on FIB-4 and

numeric change in FIB-4, measured as a continuataeter, and incident severe liver disease dftesecond test. All models used attained age as the

timescaleModel 1 adjusted for age, model 2 additionally athd for sex and socioeconomic status in addibage and model 3 additionally

adjusted for the time between testdbreviations: Cl, confidence interval. FIB-4,rfisis-4 index. HR, hazard ratio. pyr, person-years.

Median FIB-4 HR (95% Cl)
First test Second test N % Firsttest Secondtest Events % Events/N In(il%%réc;y[r)er HR' HR? HR®
Low risk Low risk 20798 6715  0.75 0.80 298 47.23 1.00% 0.65 (0.58-0.73) 1.00 1.00 1.00
Intermediate risk 4,845 1092 1.06 151 103 16.32 2.13% L64(136200) g 41;325337) " 417'?2635) " 417'?2636)
High risk 175 039 1.02 3.24 9 1.43 5.14% 6.27(326-12.05) g oo % G a1 % G oy 56)
o . 1.02 1.01 1.01
Intermediate risk  Low risk 2,685  6.05 1.49 1.08 30 4.75 1.12% 086(060-123) (20 odoras)  (0.66148)
o 1.62 1.60 1.60
Intermediate risk 5682  12.80  1.62 1.72 100 15.85 1.76% L52(125185) (56508 (126208 (124205
High risk 566 1.28 1.89 3.04 a4 6.97 7.77% 0.35 (696-1257) o 89) (6 o P ot -
High risk Low risk 79 0.18 3.35 0.93 4 0.63 5.06% 410 (L57-1L15) oo e ot ® e e o5)
Intermediate risk 280 0.63 3.03 1.98 8 127 2.86% 3.05(152:6.09) 6?1_2566) " 2 P 5?;_2252)
High risk 265 0.60 3.39 3.59 35 5.55 13.21% 1761 (126245) o 69 (3 o 0 (12 o 05)
. 182 182 182
Change in FIB-4 between tests 44375 10000  0.90 0.97 631 100.00 1.42% 100(0.921.08) o 20%0e  17otes) (7005
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2 Supplementary Table 4. Differences in key paramsdietween the persons included

3 inthis study (n=40,729) compared to persons thhtlead a single testing occasion

4 (n=79,705)

Parameter

Persons with repeated
measurements of FIB-4
(n=40,729) (Mean)

Persons without repeated
measurements of FIB-4
(n=79.705) (Mean)

Mean difference (95%CI)

Age (years) 55.0 52.4 26(2.4-2.7)
Sex (male, %) 41.2 45.9 46 (4.0-5.2)
ALT (IU/L) 26 28 1.4 (0.96 — 1.83)
AST (IU/L) 23 22 0.22 (-0.004 — 0.44
Platelets (x10°) 268 261 6.7 (5.9-7.5)
FIB-4 score 1.03 0.97 0.063 (0.057 — 0.070)
(continuous)
FIB-4 category (%)
Low 77.8 82.1 4.3(3.8-4.8)
Intermediate 20.7 16.6 4.1 (3.7-4.6)
High 15 1.3 0.2 (0.04 - 0.31)
Persons with
outcome during 1.42 1.33 0.09 (-0.04 — 0.24)
follow-up (%)
Time to event, years 17.6 16.4 1.2(1.1-1.2)

5
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1 Supplementary Figure 1. Mean changes in FIB-4 with 95%Cfter 5 years in men and

2 women stratified by age using a least-squares segne

3
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Highlights

* Anincrease in FIB-4 over time is associated with risk of severe liver disease

* Repeating FIB-4 tests can help to identify those at risk for severe liver disease

e 50% of severe liver disease outcomes had consistently low or intermediate FIB-4
e About 1/3 of the cohort had intermediate or high FIB-4 at one of the tests

* FIB-4 s likely insufficient for screening for fibrosis in the general population
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