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ABSTRACT

Objective We aimed to test the hypothesis that WHAT IS ALREADY KNOWN ON THIS TOPIC
automated fibrosis score calculation and electronic = Type 2 diabetes is strongly associated with
reminder messages could increase the detection of non-alcoholic fatty liver disease (NAFLD)
advanced liver disease in patients with type 2 diabetes. and its severity.

Design In this pragmatic randomised controlled trial = The majority of patients with NAFLD and
at five general medical or diabetes clinics in Hong Kong metabolic risk factors are seen in primary
and Malaysia, we randomly assigned patients in a 1:1 care and non-hepatology settings.

ratio to the intervention group with Fibrosis-4 index = Although clinical care pathways have

and aspartate aminotransferase-to-platelet ratio index been proposed and tested in primary care
automatically calculated based on routine blood tests, settings, it is unclear how the message can
followed by electronic reminder messages to alert reach healthcare providers who are less
clinicians of abnormal results, or the control group with aware of the importance of NAFLD.

usual care. The primary outcome was the proportion

of patients with increased fibrosis scores who received WHATTHIS STUDY ADDS

appropriate care (referred for hepatology care or specific = In this randomised controlled trial,

fibrosis assessment) within 1year. we found tlhat a_utomated calculation
Results Between May 2020 and Oct 2021, 1379 of simple fibrosis scores, followed by
patients were screened, of whom 533 and 528 were reminder messages in the electronic
assigned to the intervention and control groups, clinical management system, could
respectively. A total of 55 out of 165 (33.3%) patients substantially increase appropriate referral
with increased fibrosis scores in the intervention group to hepatologists and arrangement of
received appropriate care, compared with 4 of 131 specific fibrosis tests for patients with type
(3.1%) patients in the control group (difference 30.2% 2 diabetes and abnormal fibrosis scores.
(95% Cl 22.4% to 38%); p<0.001). Overall, 11 out of = However, less than 20% of patients with
533 (2.1%) patients in the intervention group and 1 abnormal fibrosis scores were confirmed to
out of 528 (0.2%) patients in the control group were have advanced liver fibrosis.

confirmed to have advanced liver disease (difference HOW THIS STUDY MIGHT AFFECT RESEARCH,

Conclusion Automated fibrosis score calculation and
electronic reminders can increase referral of patients with M :
type 2 diabetes and abnormal fibrosis scores at non- the feasibility and efficacy of a care
hepatology settings. model b_ased on automa_ted flbr05|s score
Trial registration number NCT04241575. calculation apd electrqnlc r_e_mln_der
messages to increase identification of
advanced liver disease among patients with
type 2 diabetes. Non-invasive tests in the
care model should be further refined to
improve the overall accuracy in detecting
advanced liver disease and minimise false-
positive results.

= The results of our clinical trial confirm

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD), recently
renamed as metabolic dysfunction-associated
steatotic liver disease or metabolic-associated fatty
liver disease, affects around 30% of the global adult
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population and is an important cause of cirrhosis and hepato-
cellular carcinoma.! Unlike other chronic liver diseases, the vast
majority of patients with NAFLD are seen in primary care and
non-hepatology settings.” Besides, only a fraction of patients
will eventually develop liver-related complications. Among the
various histological features of NAFLD, fibrosis stage has the
strongest correlation with future liver-related morbidity and
mortality.’ Therefore, it is important to build a clinical care
pathway focusing on the liaison between primary and specialist
care and effective use of non-invasive tests of liver fibrosis.

Several professional societies have recommended a two-step
approach for case identification and assessment in patients with
NAFLD or risk factors of NAFLD.*® The idea is to use a simple
fibrosis score such as the Fibrosis-4 index (FIB-4) for initial
assessment. Such scores typically comprise routine laboratory
tests and can thus be calculated in primary care with almost no
additional cost.” Though crude, these scores have high negative
predictive values for ruling out advanced liver fibrosis due to
NAFLD and other chronic liver diseases. Patients with abnormal
scores can then undergo more specific non-invasive tests of
fibrosis, either in primary care or specialist settings depending on
test availability. In prospective studies in primary care settings,
such a two-step approach has been shown to increase the detec-
tion of advanced fibrosis while reducing the number of unneces-
sary referrals of patients with mild liver disease.®

Nonetheless, unless structured as part of the routine, such
clinical care pathways depend heavily on clinicians interested in
NAFLD and may not be generalisable. Therefore, we proposed
and tested a care model based on automated fibrosis score calcu-
lation and electronic reminder messages in patients with type 2
diabetes.

METHODS

Study design and participants

This randomised, parallel group, pragmatic trial was done at
three general medical and two diabetes clinics in Hong Kong
and Malaysia. There were 10-20 family doctors, general medical
clinicians, endocrinologists or trainees at each clinic. The aim of
the trial was to test the hypothesis that automated fibrosis score
calculation and electronic reminder messages could increase the
proportion of patients with type 2 diabetes and abnormal simple
fibrosis scores who received appropriate management, defined
as referral to hepatologists or further fibrosis assessments
including vibration controlled transient elastography (VCTE),
other ultrasound elastography, magnetic resonance elastography,
liver biopsy or specific blood biomarkers of liver fibrosis such as
FibroTest and FibroMeter.”

Eligible patients were 18-70 years of age with a history of
type 2 diabetes. We selected this patient population because over
50% of patients with type 2 diabetes have NAFLD, and type 2
diabetes is an important risk factor for cirrhosis and hepatocel-
lular carcinoma.’ Current European multisociety guidelines also
recommend case finding of advanced liver disease in this popula-
tion.'? Patients were excluded if they had type 1 diabetes, history
of hepatocellular carcinoma or hepatic decompensation, other
active malignancies or were already receiving care by gastroen-
terologists or hepatologists. Notably, although the primary focus
of this study was to identify patients with NAFLD and advanced
liver fibrosis, we did not exclude patients with other chronic liver
diseases such as chronic viral hepatitis and alcohol-related liver
disease because patients in real life can have other liver diseases,
and it would be meaningful to detect those diseases, especially if
advanced fibrosis has already developed.

The trial was conducted in accordance with the principles
of the Declaration of Helsinki and the Good Clinical Practice
guidelines of the International Council for Harmonisation.

Randomisation and blinding

Eligible patients were randomly assigned in a 1:1 ratio (permuted
block size of 4-10) to the intervention group and control group.
Concealment of group allocation was achieved through putting
the group allocation cards in consecutively numbered and sealed
envelopes. After each clinic session, the central investigator (VW-
SW) would send the group allocation of the newly recruited
patients to the local investigator, who would then handle the
fibrosis scores and reminder messages. Neither the central nor
local investigators had direct patient contact. In contrast, patients
and clinicians seeing the patients were partially blinded to the
group assignment. A clinician would know that a patient was
in the intervention group when he/she saw a reminder message
regarding abnormal fibrosis scores. Otherwise, the system would
not alert a clinician to study recruitment, group assignment or
fibrosis score results.

Procedures

For patients in the intervention group, FIB-4 and aspar-
tate aminotransferase (AST)-to-platelet ratio index (APRI)
were measured at the next scheduled blood tests according to
published formulae.'' '* If the scores were abnormal (ie, FIB-
4=1.3 in patients younger than 65 years or =2.0 in patients
older than 65 years and/or APRI>0.5)," the following pop-up
message would appear in the electronic clinical management
system every time a clinician logged into the patient file for the
coming 1year:

“This patient has high FIB-4 (and/or AST-to-platelet ratio
index) of xxx suggestive of significant liver fibrosis. Please
consider referring the patient to the hepatology clinic or
arranging further test such as FibroScan.”

Patients in the control group underwent the same blood tests.
Clinicians had access to the raw liver function test and complete
blood count, but the fibrosis score results would not be specifi-
cally shown, and there were no reminder messages regardless of
the test results. This was to mimic usual care when there was no
dedicated care model for case identification.

Regardless of group assignment and fibrosis score results,
patients referred to the hepatology clinic were seen within 12
weeks. Assessments at the hepatology clinic included history
taking and physical examination to identify risk factors of
chronic liver diseases, blood tests for hepatitis B surface antigen
and antihepatitis C virus antibody, and other diagnostic workup
as clinically indicated. VCTE (FibroScan, Echosens, Paris,
France) was then performed by experienced operators for liver
stiffness assessment according to the instructions and training by
the manufacturer.’ The M or XL probe was chosen according
to the machine’s automatic probe selection tool. The median of
10 measurements was used to reflect the severity of liver fibrosis.

Outcomes

The primary outcome was the proportion of patients with high
fibrosis scores who received appropriate care (referral to hepa-
tologists or further specific liver assessments for liver fibrosis)
within 1 year of the baseline visit. The choice of the follow-up
interval was based on the fact that some patients with type 2
diabetes might be seen at multiple clinics, and clinicians who
do not provide prescriptions typically review patients annually.
Considering the potential variability of fibrosis scores over time,
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we examined a separate cohort of 8700 patients with NAFLD
with serial FIB-4 at a median interval of 1 year (online supple-
mental table 1). Among 5002 patients with FIB-4<1.3 at base-
line, approximately 4231 patients (84.6%) continued to have
FIB-4<1.3 at follow-up. Among 3698 patients with FIB-4=1.3
at baseline, 82.0% continued to have FIB-4=1.3 at follow-up.
We calculated the weighted Kappa of the two FIB-4 measure-
ments using linear weights. The weighted Kappa was 0.632
(95% CI 0.618 to 0.646). This suggests substantial agreement
between the two measurements of FIB-4, indicating a good reli-
ability of the two FIB-4 measurements. Secondary outcomes
included the proportion of patients in the overall population
(regardless of fibrosis scores) referred to hepatologists, inappro-
priate referrals (proportion of patients with low fibrosis scores
who were referred to hepatologists) and the proportion of
patients confirmed to have advanced fibrosis, defined by one of
the following: (1) liver stiffness measurement by VCTE=10kPa,
(2) fibrosis stages 3—4 by liver biopsy, (3) unequivocal radio-
logical features of cirrhosis (cirrhosis with nodular appearance,
splenomegaly, ascites or varices) or (4) clinical, radiological or
endoscopic evidence of portal hypertension.

Statistical analysis

There was a mistake in the original sample size calculation
in the protocol V.1.0 dated on 28 February 2019, which was
then rectified and approved by the ethics committee in an
amended protocol V.1.1 dated on 27 March 2023. The sample
size remained unchanged in this amendment, but the calcula-
tions were corrected. According to preliminary data from our
previous study, 33% and 10% of patients with type 2 diabetes
had increased FIB-4 and APRI, respectively, and around 10%
of patients with advanced fibrosis were under hepatology
care.”™ In another study at the primary care, reminders increased
adequate surveillance for hepatocellular carcinoma from 18.2%
to 27.6%.'° To be conservative, we assumed that up to 20% of
patients with high fibrosis scores in the control group would be
referred to hepatologists or receive further liver assessments. We
also decided that the care model would be clinically meaningful
if the referral rate for patients with high fibrosis scores in the
intervention group was at least 37%. To detect this difference

at a two-sided 5% significance level and 80% power, we needed
107 patients with high fibrosis scores per group. Using a more
conservative estimation of 25% of patients having increased
fibrosis scores and a dropout rate of 10%, a sample size of 952
patients (476 patients per arm) was needed.

All analyses were done in the intention-to-treat population,
which included all patients who underwent randomisation.
Patients who were lost to follow-up were considered not to have
hepatology referral or further liver assessments. Continuous vari-
ables were expressed in mean (SD) or median (25th percentile,
75th percentile or minimum to maximum) as appropriate, while
categorical variables were presented as number (percentage).
Chi-square test or Fisher exact test was performed to compare
the primary and secondary outcomes between the intervention
and control groups, and the 95% Cls of the difference in propor-
tions between groups were calculated by the Newcombe-Wilson
hybrid score method; continuity correction for CI calculation
was used when the proportion was equal or close to zero. Binary
logistic regression model was performed to identify factors asso-
ciated with hepatology referral or further fibrosis assessment.
The data were analysed using IBM SPSS Statistics V.27 software
and R (V.4.2.2; R Core Team, 2022). This trial was registered
with ClinicalTrials.gov, NCT04241575 and was completed.

RESULTS

Patient’s characteristics

Between 19 May 2020 and 14 October 2021, 1379 patients with
type 2 diabetes from five general medical or diabetes clinics were
screened, of whom 1061 were randomly assigned at a ratio of
1:1 to the intervention (n=533) and control (n=528) groups.
The intention-to-treat population included all 1061 randomly
assigned patients (figure 1).

Demographics and baseline characteristics were similar
between the study groups (table 1). The mean age was 59.4
years (SD 8.3), body mass index of 26.6 kg/m* (SD 5.0) and
waist circumference of 94cm (SD 12). In total, 503 (47.4%)
patients were women. A total of 185 (17.4%) patients reported
current alcohol consumption, whereas 127 (12.0%) were
current smokers. The vast majority of patients (95.3%) were

1379 patients screened

318 patients excluded
87 <18 or >70 years of age
12 had type 1 diabetes
80 already seen at gastroenterology
or hepatology practices
10 had history of liver cancer
50 had other cancers
79 did not consent

1061 patients randomly assigned

|
l

| 533 assigned to intervention group |

9 died |

| 533 included in the ITT analysis |

Figure 1 Trial profile. ITT, intention-to-treat.

l

| 528 assigned to control group |

> 3 died |

| 528 included in the ITT analysis |
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Table 1 Baseline characteristics

Intervention

group Control group
(n=533) (n=528)
Age, years 59.5(8.2) 59.3(8.3)
Female sex, n (%) 246 (46.2) 257 (48.7)
Smoking, n (%)
Current smoker 64 (12.0) 63 (11.9)
Ex-smoker 77 (14.4) 67 (12.7)
Non-smoker 392 (73.5) 398 (75.4)
Alcohol, n (%)
Current drinker 91 (17.1) 94 (17.8)
Ex-drinker 32 (6.0) 27 (5.1)
Non-drinker 410 (76.9) 407 (77.1)
Setting, n (%)
General medical clinic 367 (68.9) 362 (68.6)
Diabetes clinic 166 (31.1) 166 (31.4)
Country/region, n (%)
Hong Kong, China 468 (87.8) 465 (88.1)
Malaysia 65 (12.2) 63 (11.9)
Body mass index, kg/m? 26.4 (4.8) 26.7 (5.2)

Waist circumference, cm 94 (12) 95 (13)
Laboratory parameters

Creatinine, pmol/L 80 (63-99) 80 (63-98)
Estimated glomerular filtration rate, mL/ 79 (24) 80 (23)
min per 1.73 m**

Albumin, g/L 39 (4) 39 (4)
Bilirubin, pmol/L 10 (7-13) 9(7-12)
Alanine aminotransferase, U/L 24 (18-34) 22 (17-31)
Aspartate aminotransferase, U/L 24 (19-29) 22 (19-27)
Gamma-glutamyl transpeptidase, U/L 28 (20-44) 27 (19-39)
Fasting plasma glucose, mmol/L 7.4 (2.4) 7.4(2.7)
Haemoglobin Alc, % 7.4 (1.4) 7.3(1.3)
Total cholesterol, mmol/L 4.1 (0.9) 4.1(1.0)
HDL cholesterol, mmol/L 1.3(0.3) 1.2 (0.3)
LDL cholesterol, mmol/L 2.1(0.7) 2.1(0.8)
Triglycerides, mmol/L 1.4(1.0-1.9) 1.4(1.0-2.0)
Platelet count, x10°/L 248 (69) 258 (67)
Positive hepatitis B surface antigen, n (%) 24 (4.5) 20(3.8)
Positive antihepatitis C virus antibody,n 0 0

(%)
Fibrosis-4 index 1.22 (0.89-1.61) 1.13 (0.85-1.45)
>1.3 in patients <65 years and >2.0 in 159 (29.8) 126 (23.9)

patients =65 years, n (%)

Aspartate aminotransferase-to-platelet ratio  0.25 (0.19-0.35)  0.23 (0.17-0.30)

index

>0.5, n (%) 60 (11.3) 17 (3.2)
Increased Fibrosis-4 index or aspartate 165 (31.0) 131 (24.8)
aminotransferase-to-platelet ratio index, n
(%)

Treatment for diabetes, n (%)

Metformin 508 (95.3) 503 (95.3)

Sulphonylurea 327 (61.4) 322 (61.0)

Dipeptidyl peptidase-4 inhibitor 310 (58.2) 300 (56.8)

Sodium-—glucose cotransporter-2 inhibitor 231 (43.3) 235 (44.5)

Thiazolidinediones 88 (16.5) 84 (15.9)

Glucagon-like peptide-1 receptor agonist 24 (4.5) 29 (5.5)

Insulin 277 (52.0) 249 (47.2)

Data are mean (SD), median (25th percentile, 75th percentile) or number (%).
*Calculated using the Chronic Kidney Disease Epidemiology Collaboration formula.
HDL, high-density lipoprotein; LDL, low-density lipoprotein.

on metformin, followed by sulphonylurea (61.2%), dipeptidyl
peptidase-4 inhibitors (57.5%), sodium-glucose cotransporter-2
inhibitors (43.99%) and thiazolidinediones (16.2%). In total, 526
(49.6%) and 53 (5.0%) patients were on insulin and glucagon-
like peptide-1 receptor agonists, respectively. Overall, 44 (4.1%)
patients had positive hepatitis B surface antigen. No patient had
chronic hepatitis C.

The median FIB-4 was 1.22 and 1.13 and the median APRI
was 0.25 and 0.23 in the intervention and control groups,
respectively (table 1). Overall, 165 (31.0%) patients in the inter-
vention group and 131 (24.8%) patients in the control group
had increased FIB-4 and/or APRI, among whom the majority
had increased FIB-4, and the use of APRI only identified an addi-
tional 1% of patients with abnormal fibrosis scores. The higher
proportion of patients with high fibrosis scores in the inter-
vention group was largely explained by the clustering of scores
around the predefined cut-offs and outliers in the intervention
group with high AST level due to harmful drinking (online
supplemental figure 1).

Key study outcomes
The primary outcome, referral to hepatologists or further
fibrosis assessment within 1 year among patients with increased
fibrosis scores, was achieved in 55 (33.3%) of 165 patients in the
intervention group and 4 (3.1%) of 131 patients in the control
group (difference 30.2% (95% CI 22.4% to 38.0%); p<0.001)
(table 2). Among 332 patients seen at the diabetes clinics, 78
(23.5%) had increased fibrosis scores, and 18 of 38 (47%)
patients in the intervention group versus 3 of 40 (8%) patients
in the control group were referred to hepatology clinic and/or
underwent further fibrosis assessment (p<0.001). Among 729
patients seen at the general medical clinics, 218 (29.9%) had
increased fibrosis scores, and 37 of 127 (29%) patients in the
intervention group versus 1 of 91 (1%) patients in the control
group were referred to hepatology clinic and/or underwent
further fibrosis assessment (p<0.001). Among patients with
abnormal alanine aminotransferase (ALT) (=30U/L in men and
>19U/L in women) and/or AST (=40U/L), 156 had increased
fibrosis scores, and 37 of 96 (39%) patients in the intervention
group and 3 of 60 (5%) patients in the control group achieved the
primary outcome (p<0.001). Among patients with normal ALT
and AST, 140 had increased fibrosis scores, and 18 of 69 (26%)
patients in the intervention group and 1 of 71 (1%) patients in
the control group achieved the primary outcome (p<0.001).
The number needed to screen to increase one case of appro-
priate management was 11 (95% CI 9 to 15). In the entire
cohort, 57 (10.7%) of 533 patients in the intervention group
and 6 (1.1%) of 528 patients in the control group were referred
to hepatologists or received further fibrosis assessment (differ-
ence 9.6% (95% CI 6.8% to 12.4%); p<0.001), among whom
one patient underwent VCTE without referral to hepatology
care. Conversely, among those with low fibrosis scores, only 1
(0.39%) of 368 patients in the intervention group and 2 (0.5%) of
397 patients in the control group were referred to hepatologists
(difference —0.29% (95% CI —1.1% to 0.7%); p>0.999).

Findings on further workup

In the intervention group, 56 patients were referred to the hepa-
tology clinic with a median of 2 extra clinic visits, 56 patients
underwent VCTE examination and 18 patients underwent liver
biopsy. In the control group, six patients were referred to the
hepatology clinic with a median of two extra clinic visits, five
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Table 2 Study outcomes by intention-to-treat analysis

Intervention

Difference between Number needed to

group Control group  groups (95% Cl) P value  screen (95%Cl)
Primary outcome
Proportion of patients with high fibrosis scores who were referred for 55/165 (33.3%)  4/131 (3.1%) 30.2% (22.2% to <0.001 4(3t05)
hepatology care or further fibrosis assessment within 1 year 38.0%)
Secondary outcomes
Proportion of patients in the entire cohort who were referred for hepatology 57/533 (10.7%)  6/528 (1.1%) 9.6% (6.9% to 12.5%) <0.001 11 (9to 15)
care or further fibrosis assessment within 1 year*
Proportion of patients with low fibrosis scores who were referred for 1/368 (0.3%) 2/397 (0.5%) —0.2% (~1.8% to >0.999 -
hepatology care within 1 year 1.3%)
Liver stiffness measurement=>10kPat 11/56 (19.6%) 1/5 (20.0%) —0.4% (-51.3% to >0.999 -
22.7%)
Liver stiffness measurement=15kPat 6/56 (10.7%) 0/5 (0%) 10.7% (-43.4% to >0.999 -
22.6%)
Hepatic decompensation within 1 yeart 1/533 (0.2%) 0/528 (0%) 0.2% (-0.7% to 1.2%) >0.999 533 (181 to o)
Proportion of patients confirmed to have advanced liver disease within 1 11/533 (2.1%) 1/528 (0.2%) 1.9% (0.61% to 3.5%) 0.006 54 (32 to 164)

yeart

*The numerators are different from those for the primary outcome because one patient with low fibrosis scores was referred to hepatology clinic and one patient underwent
vibration controlled transient elastography directly in the intervention group, and two patients with low fibrosis scores in the control group were referred to hepatology clinic.
tAmong patients who had undergone vibration controlled transient elastography examination.

+Confirmed advanced liver disease was defined as liver stiffness measurement at or above 10 kPa by vibration controlled transient elastography, fibrosis stage 3 or 4 by liver
biopsy, unequivocal radiological features of cirrhosis and/or manifestations or portal hypertension. In this study, only one patient in the intervention group developed jaundice,
acute variceal haemorrhage and hepatic encephalopathy. Advanced liver disease was confirmed by vibration controlled transient elastography in all the remaining patients.

patients underwent VCTE examination and none had liver
biopsy.

Among 61 patients who underwent further liver fibrosis
assessment, all had VCTE examination. The median liver stiff-
ness was 5.7 kPa (range 0.4-47.2) in the intervention group
and 4.9kPa (3.9-13.2) in the control group, and the median
controlled attenuation parameter was 273 dB/m (150-400) in
the intervention group and 314 dB/m (216-355) in the control
group. Eleven patients in the intervention group and one patient
in the control group had liver stiffness measurement at or
above 10kPa, and six patients in the intervention group and no
patient in the control group had liver stiffness measurement at
or above 15kPa (table 2). Only one patient in the intervention
group developed clinical hepatic decompensation with jaun-
dice, acute variceal haemorrhage and hepatic encephalopathy
4 months after baseline. He was a 70-year-old man with FIB-4 of
5.6 and APRI of 1.6. His liver stiffness measurement by VCTE
was 24.6kPa prior to the development of hepatic decompensa-
tion. He was subsequently diagnosed with alcohol-related liver
cirrhosis. Overall, 11 (2.1%) of 533 patients in the intervention
group and 1 (0.2%) of 528 patients in the control group were
confirmed to have advanced liver disease (difference 2.1% (95%
CI0.61% to 3.5%); p=0.006).

Among patients who had attended hepatology care, 30 (53%)
of 57 patients in the intervention group were diagnosed with
NAFLD, 5 (9%) had alcohol-related liver disease and 3 (5%) had
chronic hepatitis B (table 3). No liver disease was identified in

Table 3 Final diagnosis of the patients attending hepatology care

Intervention group Control group

Aetiology of liver disease (n=57) (n=6)
Non-alcoholic fatty liver disease 30 3
Alcohol-related liver disease 5 0
Chronic hepatitis B 3 0
No liver disease identified 19 3

Data are number of patients.

19 (33%) patients. Among six patients in the control group who
had attended hepatology care, three had NAFLD and three were
not found to have any liver disease.

Factors associated with appropriate care

By multivariable analysis, abnormal fibrosis scores were the only
factor associated with the primary outcome in the interven-
tion group (online supplemental table 2). Among patients with
abnormal fibrosis scores in the intervention group, female sex,
current alcohol consumption, being seen at the diabetes clinic
and high serum triglycerides were independent factors associ-
ated with the primary outcome (online supplemental table 3).

Safety

During the study period, 9 (1.7%) of 533 patients in the interven-
tion group died. The causes of death included COVID-19 (n=2),
pneumonia (n=2), cardiovascular disease (n=2), renal failure
(n=2) and intracranial haemorrhage (n=1). In total, 3 (0.6%) of
528 patients in the control group died. The causes of death were
COVID-19 (n=1), diabetes (n=1) and sepsis (n=1). None of the
deaths were related to study interventions. There were also no
serious adverse events related to study interventions.

DISCUSSION
In 2022, the EASL-Lancet Liver Commission highlighted the
deficiencies in liver disease management, with an emphasis on
the need to detect liver disease at its early and reversible disease
stages, and develop clinical pathways and models of care to
address the dissociation between primary and secondary care.”
As such, our randomised controlled trial clearly demonstrates
that it is possible to use automated fibrosis score calculation
and electronic reminders to improve the detection of patients
with advanced liver disease in primary care and non-hepatology
settings. It also highlights deficiencies in the model that need to
be addressed in future studies.

Type 2 diabetes increases the risk of cirrhosis, cirrhotic compli-
cations and liver-related mortality.'® A number of prospective
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studies have used VCTE and found that 10%-20% of patients
with type 2 diabetes may have advanced liver fibrosis.” ' ?° In
another study of 3012 NAFLD patients seen in primary care
in the UK, the use of FIB-4 as initial assessment, followed by
the enhanced liver fibrosis score in patients with indetermi-
nate FIB-4 results, increased the detection of advanced fibrosis
and cirrhosis by fivefold and threefold, respectively, while at
the same time reducing unnecessary referrals.® Although these
studies highlighted the feasibility of applying non-invasive
tests of liver fibrosis in primary care settings, we argue that
such approaches rely on the cooperation of colleagues who are
aware of and interested in NAFLD. The pathway would fall
apart if fibrosis scores are not ordered or calculated in the first
place. In the real world, awareness of NAFLD among clini-
cians remains an issue,”! and a recent survey showed that no
country had a national or subnational strategy for NAFLD.?
For these reasons, we proposed a clinical care pathway to
streamline the process. Instead of relying on active assessment
by clinicians, automated fibrosis score calculation using routine
blood results followed by reminder messages in the electronic
clinical management system increased appropriate referral for
hepatology assessment or further fibrosis tests in patients with
increased fibrosis scores from 3.1% to 33.3%. In comparison,
another study using an automated algorithm called intelligent
liver function testing demonstrated a 43% increase in the
diagnosis of liver disease in 64 patients with abnormal liver
blood tests in primary care setting.”’ In Germany, ‘Check-up
35 involved APRI calculations in individuals with elevated
AST and/or ALT to identify patients with cirrhosis.?* Using a
different approach, a cluster randomised trial at 10 primary
care practices in Southampton showed that a nurse-led clinic
based on serum fibrosis biomarkers and VCTE increased the
identification of liver disease.”

Nonetheless, clinicians at the general medical and diabetes
clinics failed to respond to abnormal fibrosis score results
and electronic reminders in two-thirds of cases. We therefore
performed logistic regression analyses to identify factors asso-
ciated with hepatology referral or further fibrosis assessment.
In the overall population, assignment in the intervention group
and increased fibrosis scores were the only independent factors
associated with the primary outcome. When the analysis was
restricted to patients with increased fibrosis scores in the inter-
vention group, female sex, current drinker, being seen at the
diabetes clinic and high serum triglycerides were associated
with hepatology referral or further fibrosis assessment. Serum
triglycerides are strongly associated with intrahepatic triglyceride
content, a defining feature of NAFLD.?® As the primary outcome
was not associated with other metabolic factors, we suspect that
some of the referrals were triggered by radiological diagnosis
of NAFLD. The reason behind the association between female
sex and appropriate referral is unclear, though it may reflect a
difference in healthcare-seeking behaviour. In contrast, referral
was not prompted by patient age (a risk factor for advanced
liver disease),”” 2* anthropometric factors, glycaemic control,
elevated liver enzymes, diagnosis of viral hepatitis or thrombo-
cytopenia (a proxy of cirrhosis). In Malaysia and Hong Kong, a
patient needs to pay around US$6 and US$13 to see a hepatol-
ogist at a public hospital, respectively, so the cost should not be
a major determinant of patient behaviour. As the primary aim
of this study was to determine whether clinicians and patients
at non-hepatology settings would respond to reminder messages
of abnormal fibrosis score results, we refrained from asking the
clinicians about their decisions on referral and management in
order to avoid artificially interfering with their decisions. Future

studies should determine the reasons for not acting on abnormal
fibrosis scores and identify areas for improvement.

In a systematic review and meta-analysis of 80 studies, the
pooled prevalence of advanced fibrosis among patients with type
2 diabetes was 17%.%° In the current study, 2.1% of the patients
in the intervention group were confirmed to have advanced liver
disease (table 2). This can be explained by the fact that two-thirds
of patients with high fibrosis scores were not referred for further
assessment, and that a fraction of patients with normal fibrosis
scores might nonetheless harbour advanced liver disease. From
this estimation, up to 15% of patients with type 2 diabetes and
advanced fibrosis might remain undiagnosed. Clearly, further
optimisation of the clinical care pathway is needed.

When implementing any screening programme, the resource
implications should be considered. In the current study, we
needed to use automated fibrosis score calculation and electronic
reminders on 11 patients to increase appropriate referral of 1
patient. APRI added little to FIB-4 in terms of case identification.
For ease of implementation, we agree with recent guidelines to
use one fibrosis score such as FIB-4 instead of a mixture of non-
invasive tests as the first step.*™ FIB-4 has a high negative predic-
tive value to exclude advanced fibrosis’’; people with persistently
normal FIB-4 also have a very low risk to develop cirrhosis and
hepatocellular carcinoma in the long run.’! However, FIB-4
has modest positive predictive value to confirm advanced liver
fibrosis, especially when the test is applied in the non-hepatology
setting where the pretest probability of advanced fibrosis is low.
In the current study, among patients who eventually underwent
VCTE, 80% had liver stiffness below 10kPa. Similarly, in a
recent secondary analysis of the 2017-2018 US National Health
and Nutrition Examination Survey, 90% of the participants with
FIB-4 below 1.3 had liver stiffness below 8 kPa, thus supporting
its high negative predictive value.”> However, 18% of the partic-
ipants from the general population had increased FIB-4. Among
those with FIB-4 1.3-2.67 and >2.67, only 13% and 33% had
liver stiffness above 8 kPa, respectively. Thus, unless a second
test is accessible in non-hepatology settings, the vast number of
patients with abnormal fibrosis scores may exceed the capacity
of hepatology service in most countries.

Because the intervention in this study involved both fibrosis
score calculation and reminder messages, it is difficult to distin-
guish the effects of each component, though we speculate that
the reminder messages were the main driver of clinician actions
given that non-hepatologists might not be familiar with the
fibrosis scores. It is possible to test this theory by conducting a
study using reminder messages delinked from non-invasive tests.
However, we believe that initial screening by fibrosis scores
would provide a better reason to deliver the reminder messages.
Besides, the number of patients with type 2 diabetes should
exceed the capacity of hepatologists in most if not all countries,
and it is reasonable to have initial screening at non-hepatology
settings, in line with current guideline recommendations.*®

Our study has the strengths of a randomised controlled trial
design, multicentre involvement and broad inclusion criteria.
It also has a few limitations. First, all participating clinics were
in Asia. Because healthcare systems and healthcare-seeking
behaviours differ across countries, our findings should be repli-
cated in future studies. Second, fibrosis score calculation was
based on a single assessment. In contrast, current guidelines
recommend periodic assessments in patients with risk factors of
NAFLD, typically every 1-3 years.*™® It is possible that clinicians
would more likely respond to repeatedly abnormal test results
and reminder messages, though this remains to be proven. Third,
the true difference between groups (3.1% vs 33.3%) deviated
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from our assumptions during sample size calculation (20% vs
37%). This could reflect the impact on referral pattern during
the COVID-19 pandemic, but the study confirmed the efficacy
of the approach nonetheless. Finally, our study is underpowered
for determining the impact of the intervention on ‘hard’ clinical
outcomes such as cirrhotic complications, hepatocellular carci-
noma and liver-related death. Nevertheless, the primary aim of
this study was to demonstrate whether automated fibrosis score
calculation and reminder messages could improve the identifica-
tion of advanced liver disease.

In conclusion, automated fibrosis score calculation and elec-
tronic reminders can increase referral of patients with type 2
diabetes and abnormal fibrosis scores at non-hepatology settings.
However, over half of the patients with increased fibrosis scores
did not receive appropriate care, and only a minority of referred
patients actually had advanced liver disease. The findings of this
trial shed light on how to refine the clinical care pathway.
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