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ABSTRACT

Background: Treatment for autoimmune hepatitis (AIH) includes corticosteroids, which are associated with the development of
diabetes mellitus (DM). Reported new-onset DM rates in patients with AIH have varied, and predisposing factors and prognostic
implications are inadequately characterised.

Aim: To identify the frequency and predisposing factors for DM in ATH and its association with disease progression and mortality.
Methods: Retrospective/prospective single-centre study of 494 patients with ATH presenting 1987-2023, 466 receiving corticos-
teroids (454 prednisolone, 12 budesonide) and followed for (median (range) 9 (0-36) years).

Results: Forty-seven patients (10%) already had DM at AIH diagnosis. New-onset DM subsequently developed in another 59
(13%). In those receiving prednisolone, new-onset DM incidence was 8% + 1% after 1year and 14% =+ 2% after 10years (14- and
3-fold higher than expected population rate), and was independently associated with older age, non-Caucasian ethnicity, higher
initial prednisolone dose, higher BMI at diagnosis and more weight gain after 2years of follow-up. New-onset DM usually per-
sisted despite stopping prednisolone.

New-onset DM and DM at any time were independently associated with all-cause death/transplantation rate, along with previ-
ously established risk factors (older age, cirrhosis, lower ALT at diagnosis and failure of early ALT normalisation). New-onset DM
and DM at any time were also independently associated with cirrhosis development. Similar associations of new-onset DM and
DM at any time with liver-related death/transplantation were significant on univariate but not multivariate analysis.
Conclusion: New-onset DM occurred in 13% of patients with ATH, was related to older age, non-Caucasian ethnicity, higher
prednisolone dose, higher BMI at diagnosis and weight gain; and was an independent predictor of all-cause death/transplanta-
tion and of cirrhosis development, underlining the need to minimise steroid burden in ATH.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2025 The Author(s). Alimentary Pharmacology & Therapeutics published by John Wiley & Sons Ltd.
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1 | Introduction

Standard treatment of autoimmune hepatitis (AIH) comprises
corticosteroids and a “steroid-sparing” agent (usually azathio-
prine). This combination was shown to induce remission and
improve outcome in trials performed over 50years ago [1].
Corticosteroids are given in initially high doses (20-60mg/day
prednisolone) and continued in reducing doses, sometimes for
years [2, 3].

Large database studies have suggested that corticosteroids,
given for various indications [4, 5] or specifically for rheumatoid
arthritis [6], are associated with an increased rate of new-onset
diabetes mellitus (new-onset DM).

Reported rates of new-onset DM during steroid treatment of
ATH have, however, varied widely in both randomised trials:
median (range) 5 (0%-14%) [7-10] and in longer-term cohort
studies: 8 (0-38%) [11-29], for reasons that are unclear. The
factors predisposing to new-onset DM in AIH have not been
adequately studied. Also, the prognostic implications of DM,
either at diagnosis of ATH or developing subsequently, are not
properly understood.

In this large single-centre cohort of consecutively presenting
patients with ATH we aimed to: (a) determine whether the in-
cidence of DM on prednisolone therapy exceeded the expected
population values, (b) assess the risk factors for the development
of DM and (c) assess the association of DM with AIH treatment
response, disease progression and all-cause and liver-related
death/transplantation rates.

2 | Materials and Methods
2.1 | Study Design and Population

This was a single-centre, retrospective/prospective observa-
tional study. Clinical data for all patients were obtained from
hospital and from primary care records. The study was ap-
proved by our local Institutional Review Board (approval num-
ber: STH22852) and by The Health Research Authority (REC
reference: 24/HRA/0862).

The development of the Sheffield ATH database is detailed in
previous publications [30-32]. Briefly, between 2004 and 2007,
we retrospectively collected patients with ATH presenting to our
regional non-transplant liver unit. We used previously described
multiple case-finding methods, as part of an (unpublished) study
on AIH epidemiology, and believe that we have collected all
cases from 1 January 1987, but only still-surviving cases pre-
senting from 1971 to 1986. We have prospectively collected cases
since 2006, and the current study includes all such patients diag-
nosed before 31 December 2023.

ATH was classified as probable or definite AIH, based on
the 1999 revised criteria of the International Autoimmune
Hepatitis Study Group (IATHG) [33]. Cases of AIH-primary
biliary cholangitis (PBC) overlap and AIH-primary sclerosing
cholangitis (PSC) overlap were included if the ITATHG 1999 cri-
teria were met.

A total of 550 patients with ATH were seen from 1 January 1971
to 31 December 2023. Fifty-two patients diagnosed prior to 1987
were excluded due to the risk of survival bias and missing clin-
ical details. A further 4 patients were excluded as no details of
initial treatment could be retrieved, leaving 494 informative
patients.

Thirty-five patients were diagnosed before the age of 16 and
were initially seen by the paediatric services. 19 (56%) of these
cases subsequently had an MRCP to investigate possible biliary
symptoms. Two of these showed evidence of PSC (both had a
liver biopsy confirming AIH overlap and an IATHG diagnostic
score of >15).

A diagnostic liver biopsy was performed in 442 of the 494 patients
(89%). Histological assessment was performed by one of two his-
topathologists, with good inter-observer agreement [31]. A pre-
designed histology proforma was completed in 386 (87%) biopsies,
the electronic clinical report was reviewed in 49 (11%) patients
and 7 (2%) biopsies were not retrievable for re-examination.

Cirrhosis was diagnosed if there was Ishak fibrosis stage 5 or 6
on liver biopsy, presence of a nodular liver edge on ultrasound,
evidence of portal hypertension (ascites, varices) or development
of hepatocellular carcinoma (HCC).

Initial treatment for ATH was with prednisolone in 454 (92%)
patients at a median dose of 30 (5-60) mg/day, usually with aza-
thioprine 1 mg/kg/day, as recommended in UK AIH guidelines
[34] and detailed previously [30-32]. Twelve patients initially
received budesonide, and 28 patients did not receive steroid
treatment. Time from diagnosis to starting steroids was median
(range) 1 (=2 to 245) months. In 61 (12%) patients the delay in
starting steroids was > 6 months. Of these, liver tests had spon-
taneously improved in 29, 14 failed to attend appointments and
in 18, the reason for delay was unclear.

Date of starting steroids was unavailable in 21 patients; in these,
the date of diagnosis was used as the start of the follow-up.

Prednisolone was tapered as serum transaminases improved,
median dose falling to 10 (0-40) mg/day after 6months
(Figure 2). Biochemical remission was defined as normalisation
of serum alanine transaminase (ALT), aspartate aminotrans-
ferase (AST) and globulin. Complete biochemical remission
was defined as biochemical remission plus normalisation of
immunoglobulin G (IgG) (available in 204 (41%) patients).

After 2-3years of prednisolone treatment, patients with per-
sistently normal serum transaminases and globulin (+/— IgG)
were offered a repeat biopsy, if deemed safe. Three hundred and
five patients (62%) had a repeat biopsy after a median of 29 (16-
67) months of corticosteroid treatment. Histological remission
was defined as an Ishak histological activity index (HAI) on fol-
low-up biopsy of less than 4. If in histological remission (necro-
inflammatory (NI) score <4) or if biopsy was not performed,
prednisolone was then phased out. Most patients remained on
azathioprine monotherapy long-term.

Duration of prednisolone treatment was 28 (1-302) months.
Prednisolone was stopped before 24months in 47 patients.
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Twenty-seven had achieved biochemical remission and had dis-
tressing side-effects. Nine patients had achieved biochemical
remission, with histological remission confirmed by early liver
biopsy (after 15 (13-23) months). Six patients stopped predniso-
lone against medical advice (reasons undocumented) and in 5,
the reason for stopping was unclear.

We collected all available data from both primary and second-
ary care records on BMI at diagnosis (n=464) and after 2years
of treatment (n=387). Available laboratory values for plasma
glucose and haemoglobin Alc (HbA1lc), performed in both pri-
mary care and when attending hospital, were recorded. Diabetes
mellitus (DM) was diagnosed based on a fasting plasma glu-
cose >7.0mmol/L, a random plasma glucose >11.1 mmol/L or
an HbA1lc level >48 mmol/mol (6.5%). Patients were also con-
sidered to have DM if they were taking insulin or hypoglycae-
mic medications. Type 1 DM was diagnosed according to the
National Institute for Health and Care Excellence (NICE) crite-
ria (one of more of the following: ketosis, rapid weight loss, age
<50years, BMI <25kg/m?, personal and/or family history of
autoimmune disease). If the criteria for type 1 DM were not met,
then the patient was presumed to have type 2 DM.

DM was classified as either being present at diagnosis of ATH
or developing subsequently (new-onset DM). Resolution of DM
was defined as an HbAIc level <48 mmol/mol (6.5%) at least
6 months after stopping insulin or hypoglycaemic medications.

Patients were followed up from the first day of the month of ATH
diagnosis, until death, liver transplantation, loss to follow-up, or
end of the follow-up period (31 December 2023). Data collection
was up until the end of December 2023 for patients alive without
aliver transplant (n =290). When the cause of death was unclear
from the clinical records, death certificates were obtained. Liver
transplantation was also considered as liver death.

Of 84 patients who were discharged to their GP, another hospi-
tal, or moved out of area, living/deceased status was determined
on 31 December 2023. Of these, 38 patients had died, and death
certificates were obtained. We could categorise the cause of
death as liver- or non-liver-related in all but four patients.

2.2 | Statistical Analysis

We calculated the “standardised incidence ratio (SIR)” for
new-onset DM. This is the ratio of new-onset DM incidence in
prednisolone-treated ATH patients (over 1 and 10years from the
start of treatment), versus the expected incidence in an age- and
sex-matched “general” population (calculated on Excel using
published UK diabetes incidence values) [35].

Normally distributed variables were presented as mean + stan-
dard deviation (SD), and non-normally distributed variables
were presented as median with range. Categorical data were
described as numbers and percentages of the total. The signif-
icance of the differences in quantitative data was determined
using the Mann-Whitney U-test or Fisher's exact probability
test. Survival analyses were carried out using the Kaplan-Meier
technique, and differences in the curves were tested using the
log-rank test.

Cox regression analysis was used to analyse the independent as-
sociations of: (a) development of new-onset DM from the time
of starting steroid treatment (primary outcome) and (b) death
or liver transplantation (both all-cause and liver-related). New
cirrhosis development was treated as a binary (time indepen-
dent) variable and associations assessed by multiple regression
analysis. Variables that were significantly associated (p <0.1) on
univariate analysis were further assessed by backward stepwise
analysis to establish which were independently associated with
the outcome.

The Statistical Program for Social Sciences software package
(SPSS 27) was used to perform all statistical analyses except SIR
(excel spreadsheet). The required level of significance was 0.05.

3 | Results
3.1 | DM at AIH Diagnosis

Table 1 shows the baseline characteristics of the 494 included
patients. Forty-seven patients (10%) already had DM (5 type 1,
42 type 2) at the diagnosis of ATH.

As also shown in Table 1, patients with DM at diagnosis (com-
pared to those without DM) were older and had a higher BMI.
They also had lower serum ALT and AST at diagnosis but simi-
lar necro-inflammatory (NI) scores on initial liver biopsy.

Patients with DM at diagnosis were also more likely to be com-
menced on Budesonide as initial corticosteroid treatment (7% vs.
2%, p=0.05).

3.2 | Development of New-Onset DM During
Follow-Up

Of the 447 patients without DM at diagnosis, 424 (95%) were
treated with corticosteroids (415 (98%) received prednisolone,
and 9 (2%) received budesonide). DM (all type 2) developed in 59
(14%) of the prednisolone-treated patients.

The cumulative incidence rate of new-onset DM in prednisolone-
treated patients (n =415)was 8 + 1%, 14+ 2% and 18 + 3% after 1-,
10- and 20-year periods, respectively (Figure 1a). The standard
incidence ratio for new-onset diabetes (compared to an age- and
sex-matched general population) was 13.9 (13.8-14.0) over the
first year and 3.2 (3.1-3.4) over 10years.

Thus, the prevalence of DM in the overall cohort (n=494)
rose from 10% at diagnosis to 14%, 15% and 16% after 5, 10 and
20years, respectively.

Of the 23 patients not receiving prednisolone (9 received
budesonide, 14 untreated), only 1 (untreated) patient developed
new-onset DM, 1lyears after diagnosis. This difference was
not significant (p=0.153), probably due to small sample size
(Figure 1a).

As detailed in Table S1 and Figure 1, patients who developed
DM during prednisolone treatment (compared to those who did
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TABLE1 | Baseline and treatment characteristics of the study cohort, including those with and without DM at presentation.

No DM (N=447)

Total (N=494) count/ count/median DM (N =47) count/ p (DM vs.
Variables median (%/range) (%/range) median (%/range) no DM)
TATHG diagnostic score 16 (7-26) 16 (7-26) 16 (7-24) 0.830
Female sex 390 (79%) 352 (79%) 38 (81%) 0.736
Age at diagnosis, years 57 (2-87) 56 (2-85) 65 (17-84) <0.001
Age <40years 136 (28%) 131 (29%) 5(11%) 0.006
Ethnicity
White 456 (92%) 414 (93%) 42 (89%) 0.391
Black 5(1%) 4(1%) 1(2%) 0.423
Asian/other 33 (7%) 29 (7%) 4 (9%) 0.555
Overlap syndrome 60 (12%) 58 (12%) 2 (4%) 0.082
PBC 52 (87%) 50 (86%) 2 (100%) 0.141
PSC 8 (13%) 8 (14%) 0 (0%) 0.355
Autoantibody positive 402 (85%) 365 (85%) 37 (81%) 0.568
ANA 309 (77%) 281 (77%) 28 (76%) 0.873
ASMA 137 (34%) 125 (34%) 12 (32%) 0.912
LKM 11 (8%) 10 (8%) 1(8%) 0.978
Body mass index (BMI) 26.4 (14.4-77.4) 26.2 (14.4-64.4) 27.5(17.4-77.4) 0.033
BMI > 30 127 (27%) 107 (26%) 18 (40%) 0.039
Cirrhosis at diagnosis 130 (26%) 114 (25%) 16 (34%) 0.206
Treated with 467 (95%) 425 (95%) 42 (89%) 0.101
corticosteroids
Prednisolone 454 (97%) 415 (98%) 39 (93%) 0.050
Initial dose (mg) 30 (5-60) 30 (5-60) 30 (10-40) 0.017
Initial dose >40mg 158 (35%) 151 (41%) 7 (19%) 0.008
Budesonide 12 (3%) 9 (2%) 3 (7%) 0.050
Initial dose (mg) 9 (6-9) 9 (6-9) 9 (9-9) 0.606
Laboratory values
ALT (IU/L) 442 (16-2427) 439 (16-2427) 270 (33-1888) 0.031
AST (IU/L) 358 (8-2554) 393 (8-2320) 163 (36-2554) 0.010
Bilirubin (umol/L) 27 (2-620) 29 (2-620) 19 (4-252) 0.044
Albumin (g/L) 37 (17-49) 37 (17-49) 37 (22-47) 0.758
Globulin (g/L) 42 (19-110) 41 (19-110) 45 (27-70) 0.157
IgG (g/L) 23.3(5.01-65.9) 23.1(5.0-65.9) 25.3 (11.5-55.0) 0.190
Histological features on diagnostic biopsy
ATH histology score? 4 (=5-5) 4 (—5-5) 4 (1-5) 0.647
Necro-inflammatory 11 (1-18) 11 (1-18) 13 (4-18) 0.218

(NT) score

aSix patients with ATH histology score of <0. 2 patients had ATH/PBC overlap with predominant PBC on histology. In 4 patients, initial biopsy was consistent with
DILI but subsequently confirmed to have ATH.
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FIGURE1 | Cumulative rate of new-onset DM in relation to (a) receipt of prednisolone, (b) age (c) BMI at diagnosis and (d) initial prednisolone
dose.
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FIGURE 2 | Mean daily prednisolone dose for patients with new-onset DM and no DM. Total number of patients was 415. Details were not ac-
cessible regarding prednisolone dose schedule in 47 of these (11%), usually because treatment was started elsewhere. Dose difference at time 0 was
significant (p=0.036), but not at any subsequent time.
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TABLE 2 | Cox hazard regression analysis of the predictive factors

for the development of new-onset DM in AIH.

Univariate p, Multivariate
OR (95% CI) p, OR (95% CI)

Non-Caucasian 0.031 0.005
ethnicity 2.17 (1.07-4.42)  3.00 (1.39-6.48)
Initial pred dose <0.001 0.002

1.05 (1.02-1.09)  1.05 (1.02-1.09)
Initial pred dose <0.001 <0.001
>40mg/day 3.35(1.98-5.67)  3.11(1.81-5.34)
Higher BMI 0.002 0.036

1.06 (1.02-3.25)  1.07 (1.01-1.12)
Weight gain (kg) 0.031 0.037
after 2years of 1.03(1.01-1.07)  1.02(1.01-1.09)
corticosteroids
Cirrhosis at diagnosis 0.017 0.072

1.88 (1.12-3.16)  1.69 (0.95-2.99)
Older Age at diagnosis 0.039 0.049

1.02 (1.01-1.03)  1.02 (1.01-1.04)
Failure of ALT 0.703 ns
normalisation in 1.47 (0.20-10.69)
12months

TABLE 3 | Regression analysis of the predictive factors for the

development of cirrhosis in ATH.

Univariate p,

Multivariate

OR (95% CI) p, OR (95% CI)

Older Age at 0.037 0.006
diagnosis 1.52 (1.41-1.73) 1.28 (1.07-1.71)
Fibrosis stage on <0.001 0.013
diagnostic biopsy 1.74 (1.26-2.40) 1.66 (1.11-2.47)
Overlap syndrome <0.001 0.034

4.20(1.94-9.91)  3.39 (1.10-10.50)
New-onset DM 0.001 0.002

3.73(1.68-8.30)  5.07 (1.86-13.82)
DM at any time 0.035 0.009

2.17 (1.06-4.40) 3.33(1.35-8.26)
Failure of ALT 0.035 0.044
normalisation 2.59 (1.56-8.12) 2.61 (1.53-9.76)
within 1year
DM at AIH 0.384 ns
diagnosis 0.52 (0.12-2.26)
Time to starting 0.022 0.935
steroids 1.01 (1.00-1.03) 0.99 (0.98-1.02)
Type 2 AIH 0.898 ns

1.15 (0.14-9.29)

not) were: older (Figure 1b), more likely to be of non-Caucasian
ethnicity, have a higher BMI at diagnosis (Figure 1c), gain
more weight in the first 2years of steroid treatment, have cir-
rhosis at diagnosis, and finally, receive a higher initial dose of

prednisolone (Figure 1d). However, prednisolone dose at subse-
quent time intervals did not differ between those developing and
not developing new-onset DM (Figure 2).

Parameters independently associated with the development of
new-onset DM on Cox hazard regression analysis (Figure 1,
Table 2) were: age, non-Caucasian ethnicity, initial prednisolone
dose, higher BMI at diagnosis and more weight gain after 2 years
of follow-up.

3.3 | Management and Resolution of DM

New-onset DM was treated with biguanides in 26 patients, di-
peptidyl peptidase-4 inhibitors in 5 patients, sulfonylureas in 22
patients, glucagon-like peptide 1 (GLP-1) agonists in 2 patients,
thiazolidinediones in 3 patients and insulin in 24 patients.
Twenty-four patients received two or more classes of drugs. DM
treatment data were unavailable in 8 patients.

Prednisolone was stopped in 19 patients and reduced in 11. Of
57 patients followed up, DM resolved in only 7 patients (29%)
following prednisolone discontinuation and in 2 patients (18%)
in whom prednisolone was reduced.

3.4 | Association of DM With AIH Outcomes
3.4.1 | Biochemical and Histological Remission

Patients with and without DM at diagnosis had similar rates of
biochemical remission (n=466: 86% vs. 77%, p=0.366), com-
plete biochemical remission (n =186: 78% vs. 76%, p=0.877) and
histological remission (n =260: 41% vs. 46%, p =0.630).

Rates of biochemical remission (82% vs. 76%, p=0.494), com-
plete biochemical remission (73% vs. 78%, p=0.642) and his-
tological remission (52% vs. 46%, p=0.515) were also similar
in patients with new-onset DM and those who did not develop
new-onset DM.

3.4.2 | Cirrhosis Development

In addition to the 130 patients (26%) with cirrhosis at ATH diag-
nosis, a further 42 patients (12%) developed de novo cirrhosis.
In 23, this diagnosis was based on histology, 16 on features of
portal hypertension, 2 on the development of HCC and 1 on a
nodular liver and splenomegaly on ultrasound imaging.

Development of de novo cirrhosis was independently associated
(Table 3) with older age at diagnosis, fibrosis stage on diagnostic
biopsy, overlap syndrome and failure to achieve ALT normali-
sation within 1year. It was also independently associated with
new-onset DM and DM at any time.

3.4.3 | Mortality

Of the 494 patients, 166 died during a median (range) follow-up
of 9 (0-36) years and 11 patients were transplanted. Forty-six
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TABLE 4 | Cox hazard regression analysis of the predictive factors for death/transplantation in ATH.

All-cause death/transplantation

Liver-related death/transplantation

Univariate p,

Multivariate p,

Univariate p,

Multivariate p,

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Older age <0.001 <0.001 0.027 0.105

1.06 (1.05-1.07) 1.07 (1.05-1.09) 1.02 (1.00-1.03) 1.02 (0.99-1.04)
Overlap syndrome 0.604 ns 0.028 0.040

1.12(0.73-1.72) 2.06 (1.08-3.91) 2.08 (1.03-4.17)
Type 2 AIH 0.551 ns 0.347 ns

1.53(0.38-6.17) 1.97 (0.48-8.11)
BMI at diagnosis 0.005 0.826 0.608 ns

1.03 (1.01-1.05) 1.00 (0.98-1.02) 0.99 (0.94-1.04)
Cirrhosis at diagnosis <0.001 0.040 <0.001 <0.001

2.37 (1.76-3.18) 1.43 (1.02-2.02) 5.40 (3.09-9.43) 3.81(1.83-7.95)
Decompensation at diagnosis 0.064 0.007 <0.001 0.002

1.39 (0.98-1.96) 1.78 (1.18-2.71) 4.04 (2.37-6.89) 3.00 (1.52-5.94)
ALT at diagnosis <0.001 <0.001 <0.001 <0.001

0.40 (0.29-0.54) 0.52 (0.37-0.72) 0.22 (0.12-0.39) 0.23(0.12-0.42)
Failure of ALT normalisation <0.001 <0.001 <0.001 <0.001
within 12 months 3.06 (1.82-5.15) 3.51 (1.82-6.80) 5.10 (2.47-10.55) 10.18 (3.89-26.58)
DM at AIH diagnosis 0.004 0.758 0.639 ns

1.89 (1.19-2.97) 1.10 (0.55-1.54) 1.25(0.50-3.14)
New-onset DM during treatment 0.001 0.019 0.006 0.098

1.81 (1.27-2.58) 1.64 (1.08-2.49) 2.35(1.28-4.32) 1.85(0.89-3.84)
DM at any time <0.001 0.017 0.011 0.738

1.90 (1.34-2.58) 1.59 (1.08-2.31) 2.06 (1.18-3.57) 1.11 (0.59-2.09)
Non-Caucasian ethnicity 0.206 ns 0.413 ns

1.63 (0.76-3.50) 1.81 (0.44-7.47)
Male sex 0.459 ns 0.360 ns

0.87 (0.59-1.27) 1.33 (0.72-2.44)
Time to starting steroids 0.102 ns 0.410 ns

0.99 (0.98-1.00)

0.99 (0.97-1.01)

(27%) patients died from liver-related, and 116 (70%) from non-
liver related causes. The cause of death could not be established
in four patients.

All-cause death/transplantation rates after 10, 20 and 30years
were 24% +2%, 54% + 3% and 73% =+ 5%, respectively. Equivalent
liver-related death/transplantation rates were 9% =+ 1%, 20% =+ 3%
and 23% +4%.

Consistent with our previous reports [30, 32] the parameters
independently associated with all-cause death/transplanta-
tion rate on Cox hazard regression analysis (Table 4) were:
older age, cirrhosis at diagnosis, decompensation at diagnosis,
lower serum ALT at diagnosis and failure of serum ALT nor-
malisation within 12months. Factors associated with liver-
related death/transplantation rate were overlap syndrome,
cirrhosis at diagnosis, decompensation at diagnosis, lower
ALT at diagnosis and failure of ALT normalisation within
12 months.

DM at diagnosis of AIH was associated with all-cause death/
transplantation rate on univariate but not multivariate analy-
sis (Figure 3, Table 4); it was not associated with liver-related
death/transplantation rate.

However, development of new-onset DM and DM at any time
were independently associated with all-cause death/transplan-
tation rate, on univariate and multivariate analysis (Table 4).
They were also associated with liver-related death/transplanta-
tion on univariate analysis, but this failed to meet significance
on multivariate analysis (Table 4).

4 | Discussion

In this large long-term single-centre ATH patient cohort study,
the prevalence of DM at ATH diagnosis (10%) was similar to that
in a recent US study of 562 patients (12%) [17] and to the overall
prevalence in UK adults (11% after age adjustment to that of the
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FIGURE3 | Cumulative survival curves for all-cause and liver-related death/transplantation.

ATH cohort) [36]. As in the general population, >90% of our pa-
tients had type 2 DM.

We also found an incidence of new-onset DM of 15% over
10years from commencing prednisolone for AIH. This is a
14- and 3-fold higher than the expected incidence over 1 and
10years, respectively, in an age- and sex-adjusted UK gen-
eral population [35]. It is towards the higher end of the wide
range of previously reported rates in AIH: 7% (0%-38%) in 23
previous studies (see citations in introduction) involving 103
(22-1267) patients. Interestingly, new-onset DM on high-dose
prednisolone for acute severe AIH is rarely mentioned [37],
possibly because of short reported follow-up times. Potential
explanations for the wide variation include under-reporting of
DM (not mentioned at all in some studies), and the median
age at AIH diagnosis in our cohort (56 years) which is older
than most other studies (median 46years). Our cohort seems
representative of others regarding mean BMI and initial pred-
nisolone dose.

Another potential explanation is that most of our patients re-
mained on prednisolone (average 10mg/day) routinely for
2-3years before consideration of stopping (see Figure 2).
Although not formally evidence-based and not explicitly recom-
mended by previous guidelines, there has been a recent trend to-
wards phasing prednisolone out after 6 to 12 months, especially
if biochemical remission has been achieved. Thus, in three re-
cent studies [14, 17, 38|, 34%-50% of patients had stopped pred-
nisolone within 12months of starting treatment, with new-onset
DM rates in two studies of only 1.5%-5%.

Regarding the factors we found to be independently associated
with new-onset DM, age [39], non-Caucasian ethnicity [40] and
obesity [39] are known risk factors for DM development in the
general population and the association between prednisolone
and new-onset DM is dose dependent [4-6]. The effect of glu-
cocorticoids is likely multifactorial, including beta-cell dysfunc-
tion and insulin resistance in other tissues [41]. Corticosteroids
can also increase appetite, causing weight gain and can alter
lipid metabolism [42].

We confirmed previously established associations of all-cause
death or transplantation rate with older age, presence of cirrho-
sis, lower serum ALT at ATH diagnosis [32, 43, 44], and with fail-
ure of serum ALT to normalise within 12 months [45]. However,
we also show for the first time an independent association be-
tween new-onset DM during corticosteroid treatment and all-
cause death/transplantation. This is unsurprising, as type 2 DM
is associated with a 2-fold increased mortality in the general
population [46]. Indeed, in the population-based AIH study of
Sharma [47], the higher mortality of patients with ATH and DM
(compared to ATH without DM) is manifest in Table 3, although
it was not highlighted.

Our results are also consistent with associations of DM with
more advanced liver disease in ATH. New-onset DM and DM at
any time were independently associated with new cirrhosis de-
velopment during treatment, and new-onset DM was associated
with liver-related death/transplantation (although the latter was
not significant in multivariate analysis). A recent study [38] in
ATH also found an association between DM and liver disease
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progression, although it appeared not to be an independent risk
factor. DM is also associated with worse outcomes in patients
with cirrhosis of varying aetiology [48] and with progression of
liver disease due to hepatitis C [49], alcohol [50] and MASLD [51].

Cirrhosis (of varying aetiology) and DM show associations. DM
is present in 15%-30% of patients with advanced liver disease
[52] and cirrhosis is present in 6%-10% of patients with DM [53].
Potential causes of such associations are complex and bidirec-
tional. They include (a) liver dysfunction causing insulin resis-
tance and beta-cell dysfunction [54], (b) DM aggravating fibrosis
progression [55] and (c) a third factor (possibly steatosis, itself
aggravated by DM) causing both insulin resistance and fibrosis
progression. However, in a recent unpublished study [56], we
have not found steatosis to be independently associated with fi-
brosis progression in AIH.

The main limitation of our study is that it is based on a retrospec-
tive single-centre cohort and thus requires confirmation. However,
it has some strengths. First, the relatively large number of patients
followed for an average of 9years. Second, the (we believe) com-
plete capture of patients with ATH referred to our unit over the
36years following 01 January 1987. Third, the access to relevant
patient information in 96% of patients, including data on diabetes
(accessed from primary care data) and on death/liver transplanta-
tion and its categorisation into liver and non-liver-related causes.

This contrasts with many multicentre ATH cohorts of similar or
larger size. Five large recent multicentre studies [15, 22, 38, 57, 58]
included 11 (6-38) mainly large academic centres, with recruit-
ment of patients presenting over several decades. Despite this,
the average number of patients included per centre was only 63
(45-107). This suggests (probably inadvertent and unavoidable)
case selection, which affords unquantifiable potential for bias.
We would submit that our large single centre study usefully
complements such studies.

In conclusion, we report (a) a high rate of new-onset DM devel-
opment in patients with ATH receiving prednisolone, especially
with higher initial doses, in older and obese patients and (b)
independent associations of new-onset DM with new cirrhosis
development and with all-cause mortality.

The most important clinical implication of these results is to mi-
nimise the steroid burden when treating ATH. This is especially
important in patients with risk factors for diabetes mellitus (see
Table 2). Whilst budesonide might be considered in such pa-
tients, our results here are inconclusive, as very few patients re-
ceived budesonide. In a recent meta-analysis, patients with ATH
receiving budesonide (compared to prednisolone) developed less
new-onset DM in some studies, but not in others [59].

High use of initial prednisolone doses (>40mg/day) should be
avoided. We also recommend being more proactive when tapering
prednisolone in ATH: reducing the dose to 10mg/day over 4 weeks,
and once complete biochemical remission has been achieved for
3-6months, considering prednisolone discontinuation.

Finally, patients should be actively monitored for diabetes devel-
opment whilst on steroids and receive advice about minimising
weight gain.
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