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Abstract
Background and Aim: The American Association for the Study of Liver Diseases recom-
mends a high index of suspicion for nonalcoholic steatohepatitis and advanced fibrosis in
patients with type 2 diabetes (T2D) and an elevated fibrosis-4 index (FIB-4). We investi-
gated the referral pattern of patients with T2D and FIB4 > 3.25 to the hepatology clinic
and evaluated the clinical benefits to the patient.
Methods: We included patients aged 18–80 years with T2D and a FIB4 score >3.25 who
had visited the internal medicine, family medicine, endocrinology clinic from 01/01/
2014–5/31/2019. The first time point of high-risk FIB-4 was identified as the baseline
for time-to-event analysis. The patients were classified based on whether they had visited
the hepatology clinic (referred vs not referred).
Results: Of the 2174 patients, 290 (13.3%) were referred to the hepatology clinic, and
1884 (86.7%) were not referred. In multivariate analyses, the referred patients had a lower
overall mortality risk (Hazard Ratio: 0.57; 95% CI: 0.38–87). Notably, the referred patients
had the same rate of biochemical decompensation, as measured by progression to MELD
≥ 14, but a substantially higher rate of diagnosis in cirrhosis (27, 19–38) and cirrhosis com-
plications, including ascites (2.9, 2.0–4.1), hepatic encephalopathy (99, 13–742), and liver
cancer (14, 5–38).
Conclusions: We found that patients with T2D and high-risk FIB4 are associated with bet-
ter overall survival after referral to a hepatology clinic. We speculate that the survival dif-
ference is due to the increased recognition of cirrhosis and cirrhosis complications in the
referred populations.

Introduction

NAFLD is a common condition affecting 26% of the US general
population. However, only 2% of the population has a more ag-
gressive histological phenotype, Nonalcoholic steatohepatitis
(NASH), or evidence of liver fibrosis.1,2 The American Associa-
tion for the Study of Liver Diseases does not recommend routine
screening of the general population for NASH,3 citing

“uncertainties surrounding diagnostic tests and treatment
options.”4 However, it does recommend referral to a hepatologist
when there is a high index of suspicion for NASH and advanced
fibrosis such as in patients with type 2 diabetes (T2D)5–7 and those
with an elevated fibrosis-4 (FIB-4) index.8,9 These aids are
under-utilized by physicians, resulting in many patients at high
risk for fibrosis and are not referred to a hepatology clinic (9).
Confusion regarding best defining the population at risk is a major
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problem preventing the appropriate use of hepatology referral in
the primary care setting.
There is an unmet need to determine the circumstances for

which hepatology referral results in a clinical benefit to the patient.
We investigated the referral pattern of patients with T2D and
FIB4 > 3.25 to the hepatology clinic. We hypothesized that this
group of patients might have a survival benefit from a hepatology
referral. We further explored the mechanism, including increased
diagnosis and management of cirrhosis and complications.

Methods
This study used a retrospective cohort design to observe the
liver-related outcomes in patients with a diagnosis of T2D and a
FIB-4 score > 3.25 and compared the outcomes between patients
who were referred to a hepatology clinic (the referred group) and
those who were not (the not referred group). Healthcare Enterprise
Repository for Ontological Narration (HERON) was used to iden-
tify the cohort and follow-up for liver-related outcomes.

Patient population. Eligible patients were adults
18–80 years of age with a diagnosis of (T2D) and a FIB4 score
> 3.25 (high risk) and have visited internal medicine, family med-
icine, endocrinology clinic from 01/01/2014 to 5/31/2019. The
FIB-4 score was calculated from age, AST, ALT, and platelet on
the same day and was not automatically generated from the elec-
tronic medical record system. The first time point of having a diag-
nosis of T2D and a high-risk FIB-4 was identified as the baseline
for patient characterization and time-to-event analysis.
The primary analysis focused on patients without viral hepatitis

and decompensated cirrhosis. Patients who had liver transplanta-
tion, developed Child–Pugh Class B or C (CP-B/C) cirrhosis, he-
patocellular carcinoma, or died before or within 30 days of
baseline were excluded. To minimize bias related to health care ac-
cess, we excluded patients who had less than 4 visits to the health
system.
Sensitivity analysis tested the general hypothesis that patients

with T2D and FIB-4 have improved survival with referral to the
hepatology clinic. No exclusion criteria were applied.

Variables. The main exposure variable of interest was whether
a patient was referred to and co-managed at the hepatology clinic
or not referred, depending on whether a patient had at least 1 ap-
pointment at the hepatology clinic. The CP score for each patient
was calculated monthly. The CP score was the sum of the labora-
tory component if the laboratory data were available in the given
month and the diagnosis component if a diagnosis of ascites or he-
patic encephalopathy was made. If the laboratory data were not
available or if a diagnosis was not received, a score of 1 was given
for the component. Because it was not possible to distinguish the
severity of ascites and hepatic encephalopathy, the CP score com-
ponent for ascites and hepatic encephalopathy ranged from 1 to 2.
All the baseline measures were defined as the first available data at
or after baseline.

Outcomes. The primary outcome was overall survival. Death
was verified using the Social Security Administration’s Death

Master File through HERON. We compared patients who were re-
ferred to the hepatology clinic versus those who were not referred.
Other secondary endpoints included the progression of MELD

to ≥ 14, diagnosis of cirrhosis based on ICD-9571, ICD-10
K74.60, diagnosis of ascites based on ICD-9789.5, ICD-10 R18,
diagnosis of hepatic encephalopathy based on ICD-9572.2,
ICD-10 K72.90 diagnosis of liver cancer based on ICD-9155.0,
ICD-10 C22.0, and progression to CP-B/C cirrhosis. The purpose
of the secondary endpoints was to explain the primary endpoints.
Hepatology referral may occur after some of the secondary
endpoints.

Analysis. The first time point of having a diagnosis of T2D and
having a high-risk FIB-4 was identified as the baseline. All time-
to-event analyses used this baseline as the reference to avoid
lag-time bias. Kaplan-Meyer survival curves were constructed
for all events. The Cox proportional hazards model was used for
univariate and multivariate analyses. Multivariable analysis was
adjusted for age, gender, race/ethnicity, baseline FIB-4, BMI,
MELD, and CP score (either 5 or 6) in overall survival. We com-
pared patients who were referred to the hepatology clinic versus
those who were not referred.
Exclusion criteria were applied to restrict the study population

to likely NASH cirrhosis and compensated cirrhosis at baseline.
In order to assess the generalizability of T2D and FIB-4, the sen-
sitivity analysis included patients aged ≥ 18 years at the time of
having T2D and high-risk FIB-4 and having visited the internal
medicine, family medicine, endocrinology, or hepatology clinic
at the University of Kansas Medical Center from 01/01/2014 to
5/31/2019. No further exclusion criteria were applied.

Results
This study included 2174 patients. Of 1021, 1565, and 1078 over-
lapping patients seen in the endocrinology, internal medicine, and
family medicine clinics, 17.2%, 12.3%, and 11.8%, respectively,
were referred to and co-managed by hepatology. The characteris-
tics of the 290 referred patients and 1884 not referred patients
are outlined in Table 1. Of note, referred patients were younger,
more often White and less often Black, had lower platelet counts,
higher AST, ALT, and bilirubin levels, a lower creatinine level,
and a high CP score but a lower MELD score driven by a lower
creatinine level.
Among the referred patients, the median follow-up was

4.96 years (IQR: 2.36–8.08), and 33 patients died. Among the
not referred patients, the median follow-up was 3.56 years (IQR:
1.60–6.80), and 372 patients died. Figure 1 shows that the referred
patients have a lower risk of death than the not referred (HR: 0.66;
95% CI: 0.46–0.95). The association remained statistically signif-
icant in a multivariable analysis adjusting for age, gender,
race/ethnicity, baseline BMI, FIB-4, MELD, and CP score (HR:
0.57; 95% CI: 0.38–87). The age-adjusted mortality rate was 17
(10–25) per 1000 person-years for referred patients and 33
(25–42) per 1000 person-years for not referred patients.
The natural history of disease progression is very similar in the

referred and not referred patients. The referred patients had a sim-
ilar rate of biochemical decompensation regarding the progression
to MELD ≥ 14 (HR: 0.88; 95% CI: 0.81–1.3; Fig. 1b). However,

T2D & Elev FIB4 Under-referred w/ Decomp W Dunn et al.

1816 Journal of Gastroenterology and Hepatology 37 (2022) 1815–1821

© 2022 The Authors. Journal of Gastroenterology and Hepatology published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



cirrhosis was more likely diagnosed in referred patients (HR: 27;
95% CI: 19–38; Fig. 1c). Cirrhosis complications that required cli-
nician recognition and testing were also more readily diagnosed in
the referred patients, such as ascites (HR: 2.9; 95% CI: 2.0–4.1;
Fig. 1d), hepatic encephalopathy (HR: 99; 95% CI: 13–742;
Fig. 2), and liver cancer (HR: 14; 95% CI: 5–38; Fig. 2b). Because
of the different diagnosis rates in ascites and hepatic encephalopa-
thy, the referred patients were more likely to receive a diagnosis of
CP-B/C cirrhosis (HR: 1.5; 95% CI: 1.2–1.9; Fig. 2c).
In the sensitivity analysis, we included all the patients aged

≥ 18 years with T2D and high-risk FIB-4 > 3.25 at baseline. Of
the 4502 patients seen in the endocrinology, internal medicine,
and family medicine clinics, 1368 (30.4%) were referred to and
managed by the hepatology clinic. The referral rate was high
mainly because 903 referred patients who had liver transplanta-
tion, developed Child–Pugh Class B or C (CP-B/C) cirrhosis, he-
patocellular carcinoma, or died before or within 30 days of
baseline were not excluded. Figure 2d shows that the referred pa-
tients had a lower risk of death than the not referred patients (HR.:
0.69; 95% CI: 0.60–0.80). In multivariable analysis, the associa-
tion remained statistically significant (HR: 0.81; 95% CI:
0.67–0.99).
Figure 3 shows the timing of onset of high-risk FIB-4 and T2D

in relation to hepatology referral, diagnosis of cirrhosis, and diag-
nosis of CP-B/C cirrhosis or liver cancer diagnosis. Figure 3a
shows that referral to hepatology parallels the diagnosis of cirrho-
sis. Among the 188 referred patients diagnosed with cirrhosis, 95
(50.5%) were referred before a diagnosis of cirrhosis. The median
time from hepatology referral to cirrhosis diagnosis was 1.5 days

(IQR: �27 to 96.5). Figure 3b shows that half of the patients al-
ready had a diagnosis of CP-B/C cirrhosis or liver cancer upon re-
ferral to hepatology. The remaining one-quarter of the patients
would have a diagnosis within 1 year. Among the 99 patients diag-
nosed with CP-B/C cirrhosis or liver cancer, 49 (49.5%) were re-
ferred before diagnosis. The median time from referral to a
diagnosis of CP-B/C cirrhosis or liver cancer was �4 days (IQR:
�861 to 369). Of note, according to the exclusion criteria, Figure 3
has excluded patients diagnosed with CP-B/C cirrhosis and liver
cancer within 30 days or before the onset of high-risk FIB-4 and
T2D.

Discussion
The current study demonstrated that less than a fifth of the patients
with T2D and high-risk FIB4 were referred to the hepatology
clinic for co-management. These patients were at a very high risk
of death, and hepatology referral was associated with improved
survival. The referred and not referred patients were very similar
because they have the same rate of biochemical decompensation,
as measured by MELD progression to 14. However, cirrhosis
and cirrhosis-related complications were readily diagnosed in the
referred patients, likely accounting for the variability in outcome.
We speculate that the early diagnosis of cirrhosis and recognition
of cirrhosis-related complications contributes to improved survival
in the referred patients. CP-B/C cirrhosis and liver cancer often oc-
cur at the onset of high-risk FIB-4 and T2D, while most of the re-
ferrals to hepatology occurred after progression to CP-B/C
cirrhosis or HCC.
Our study had several strengths and limitations. We used the

same time scale to measure the time to event in the referred and
not referred patients based on the first time the patient had T2D
and high-risk FIB-4. This approach eliminates lag-time bias.10

We used a primary analysis that focused on patients with NASH
and compensated cirrhosis and applied elaborate exclusion criteria
to exclude other diseases and patients with decompensation or
liver cancer before baseline. We also performed a sensitivity anal-
ysis that attended to the generalizability of the study and removed
all exclusion criteria and demonstrated the benefit of patients with
T2D and high FIB-4 being referred to the hepatology clinic. The
most important limitation was the observational nature of this
study, which was not sufficient to demonstrate causality. We are
only able to make speculations about the mechanism of improved
survival. We do not have data on death causes and cannot distin-
guish liver-related mortality from other causes.
Our study is the only study that demonstrated that patients with

T2D and high FIB-4 might have survival benefits with referral to
hepatology. Many studies have associated elevated FIB-4 scores
with liver-related mortality.11 Meta-analysis has compared the
FIB-4 against other diagnostics tests for diagnosing fibrosis.12

FIB-4 has also been associated with liver disease progressions
and outcomes,13,14 including the risk of developing HCC.15 The
current study confirms that those with T2D and high FIB-4 are
at risk of death. Our study is the first to demonstrate that referral
to hepatology is associated with improved survival. This is signif-
icant because AASLD has not recommended routine screening of
the general population for NASH,3 citing “uncertainties surround-
ing diagnostic tests and treatment options.”4 Before
recommending a policy change regarding referral, we must first

Table 1 Baseline patient demographics of the referred and not referred
patients

Referred
(n = 290)

Not referred
(n = 1884)

P

Age 59.5 (10.5) 64.3 (10.4) < 0.0001
Gender: male 160 (54.1%) 1001 (52.1%) 0.53
Race and ethnicity 0.0002

White 213 (72.0%) 1205 (62.7%)
Black 40 (13.5%) 484 (25.2%)
Hispanic 27 (9.1%) 137 (7.13%)
Others 16 (5.4%) 95 (5.0%)

BMI 34.4 (7.8) 32.7 (8.3) 0.0004
CP score at baseline < 0.0001

5 174 (58.8%) 1369 (71.3%)
6 122 (41.2%) 552 (28.7%)

Baseline laboratory
parameter

Platelets 132 (62) 148 (62) < 0.0001
ALT 55 (57) 41 (52) < 0.0001
AST 73 (67) 63 (60) 0.004
Albumin 3.8 (0.5) 3.8 (0.5) 0.3
Bilirubin 0.91 (0.77) 0.65 (0.48) < 0.0001
INR 1.2 (1.2) 1.3 (1.3) 0.30
Cr 1.2 (1.0) 1.6 (1.5) < 0.0001
MELD 10.4 (4.6) 11.8 (6.3) 0.0002
FIB4 5.1 (3.6) 4.9 (6.5) 0.46

Continuous variables expressed as mean (standard deviation). Categori-
cal variables expressed as n (%).
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understand the hepatology consultation factors that potentially im-
prove survival. Our data speculate that improved diagnosis of cir-
rhosis and cirrhosis complications, namely the HCC, leads to
improved survival.
In our study, the incidence of HCC in T2D and a high FIB-4 in-

dex among the referred cohort was extremely high at 25.3 cases
per 1000 person-years, while the incidence was contrastingly
low in the not referred cohort at 1.3 cases per 1000 person-years.
We suspect that HCC was underdiagnosed because the mortality
and decompensation event rates were very comparable in both
groups. We suspect that some patients died from other etiologies,
and HCC was never diagnosed, while others presented with
HCC at a late stage. As noted in our not referred cohort, most of
the HCC presented at a late stage. The incidence of HCC has been
rapidly rising in the United States over the last 20 years (10). This
trend is thought to mirror the obesity epidemic and the rise in the
prevalence of NAFLD (12). A preexisting diagnosis of cirrhosis

is found in more than 80% of individuals diagnosed with HCC
(3). In cost-effectiveness analysis, screening for HCC in compen-
sated cirrhosis was suggested to be cost-effective, with the inci-
dence exceeding 1.5%/year.16 An 18-million real-world
European cohort with NAFLD, T2D, and high-risk FIB4 were in-
dependent risk factors for HCC. The incidence of HCC occurred at
a rate of 0.76 per 1000 person-years. T2D increased the risk by 2.3
fold, while high-risk FIB4 increased the risk by 25.2 fold,
compounding the rate to 4.4 per 1000 person-years.17 There is a
more pressing need for HCC for screening in the FIB-4 T2D co-
hort because a delayed diagnosis is often associated with a poor
outcome. Patients with higher FIB4 may be less tolerant of trans-
catheter arterial chemoembolization.18 A meta-analysis of 8 stud-
ies and 3320 HCC patients showed that a high FIB 4 score is
associated with poor overall survival and recurrence survival. Con-
tributing factors include a late diagnosis and more advanced
diseases.15

Figure 1 (a–d) Comparison of overall survival, progression of MELD to ≥ 14, diagnosis of cirrhosis, and diagnoses of ascites between referred and not
referred patients. (a) Patients referred to the hepatology clinic have improved overall survival compared with patients not referred to the hepatology
clinic. (b) The referred and not referred patients were very similar under objective measurement because they have similar rates of MELD progression
to ≥ 14. (c) The referred patients were more likely to be diagnosed with cirrhosis. (d) The referred patients were more likely to be diagnosed with
ascites. All the figures use the first time point when a patient develops T2D and have FIB-4 > 3.25 as the baseline. (a–d) , Not referred;

, Referred.
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We considered whether the NAFLD fibrosis score (NFS) or
FIB-4 was a better clinical decision aid for referral to the
hepatology clinic and whether a higher or lower cut-off should
be used. In the diabetes clinic setting, both NFS and FIB-4
had high negative predictive values.19 The NFS is problematic
in the diabetes clinic setting because it results in referral for over
50% of the patients,20 while a high-risk FIB-4 would only pro-
mote referral for 13%.21 Regarding the lower versus higher
cut-off, according to real-world data in Germany, applying the
FIB-4 score across 507 patients with fatty liver in 13 clinics re-
sulted in 10% of patients above the higher cut-off of 3.25 and
26% above the lower cut-off of 1.3.22 U.S. Members of the
Global NASH Council recommended using a FIB-4 score
≥ 1.3 for PCP and diabetologists.23 A letter to the editor outlined
the counter-argument—the FIB-4 cut-off of 1.3 identified F2 pa-
tients in the setting of enrolment for the NASH clinical trial.
However, in the setting of a primary care referral pathway, a

higher cut-off of 3.25 targeting F-3/4 would be more
appropriate.24 In our patient cohort from the endocrinology, in-
ternal medicine, and family medicine clinics, less than 10% of
patients with a FIB-4 > 3.25 and T2D were referred to the
hepatology clinic at this time. A recent survey has suggested that
only 5.7% of endocrinologists have been using a non-invasive
algorithm to assess liver fibrosis to facilitate referral.25 There-
fore, it is prudent to focus the referral effort on the highest risk
cohort.
In conclusion, We found that patients with T2D and high-risk

FIB-4 are associated with better overall survival after referral to
a hepatology clinic. We speculate that the survival difference is
due to the increased recognition of cirrhosis and cirrhosis compli-
cations in the referred populations. While early referral of this
group of high-risk patients to hepatology is potentially life-saving,
the referral has been underutilized and often occurs late in the
disease.

Figure 2 (a–d) Comparison of diagnosis of hepatic encephalopathy, diagnosis of liver cancer, development of CP-B/C cirrhosis, and sensitivity anal-
ysis between referred and not referred patients. (a) The referred patients were more likely diagnosed with hepatic encephalopathy. (b) The referred
patients were more likely to be diagnosed with liver cancer. (c) The referred patients were moderately more likely to progress to CP-B/C cirrhosis.
(d) After sensitivity analysis without applying exclusion criteria, the referred patients demonstrated improved overall survival compared with not re-
ferred patients. (a–d) , Not referred; , Referred.
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Data availability statement. The data that support the
findings of this study are available on request from the correspond-
ing author. The data are not publicly available due to privacy or
ethical restrictions.
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