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Ultrasound has superior diagnostic
accuracy to evaluate liver steatosis
compared to other non-invasive tools,
using MRI as reference method
(AUROC: 0.98, 95%CI 0.95-1.00).

Liver fibrosis is uncommon in general
in people with type 1 diabetes (3.8%),
but increased to 13.2% in those with
concomitant NAFLD.
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and metabolic
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Prevalence of NAFLD in people with
type 1 diabetes is 16.2% based on
ultrasound evaluation in a prospective
cohort screening of 530 participants

Multivariate regression analysis
identified the metabolic syndrome,
BMI, and total daily insulin dose as risk
factors for NAFLD, indicating a link with
insulin resistance
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The prevalence and severity of NAFLD in people with type 1 diabetes is uncertain.
The diagnostic accuracy of non-invasive tests to diagnose NAFLD needs cohort-specific validation

Knowledge gap

Highlights Impact and Implications

� There is a knowledge gap regarding whether NAFLD is prevalent in people

with type 1 diabetes and how to screen for it.� Ultrasound is the most accurate screening test for NAFLD, compared with
magnetic resonance spectroscopy.� NAFLD prevalence in type 1 diabetes is 16.2%, and is associated with the
metabolic syndrome and increased BMI.� Elevated LSM (>−8.0 kPa), indicating fibrosis, reaches 13.2% when NAFLD is
concomitant in people with type 1 diabetes.� It seems appropriate to only screen for NAFLD in metabolically unhealthy
people with type 1 diabetes.
https://doi.org/10.1016/j.jhepr.2023.100753
We aimed to report on the prevalence, disease
severity, and risk factors of NAFLD in type 1 diabetes
(T1D), while also tackling which non-invasive test
for NAFLD is the most accurate. We found that ultra-
sound is the best test to diagnose NAFLD. NAFLD
prevalence is 16.2%, and is associated with metabolic
syndrome and BMI. Elevated liver stiffness indicating
fibrosis is overall not prevalent in people with T1D
(3.8%), but it reaches 13.2% in those with T1D and
NAFLD.
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Background & Aims: The epidemiology of non-alcoholic fatty liver disease (NAFLD) in people with type 1 diabetes (T1D) is
not yet elucidated. This study aimed to assess the diagnostic accuracy of non-invasive tests for NAFLD, to investigate the
prevalence and severity of NAFLD, and to search for factors contributing to NAFLD in people with T1D.
Methods: In this prospective cohort study, we consecutively screened 530 adults with T1D from a tertiary care hospital, using
ultrasound (US), vibration-controlled transient elastography equipped with liver stiffness measurement (LSM) and controlled
attenuation parameter, and the fatty liver index. Magnetic resonance spectroscopy (MRS) was performed in a representative
subgroup of 132 individuals to validate the diagnostic accuracy of the non-invasive tests.
Results: Based on MRS as reference standard, US identified individuals with NAFLD with an AUROC of 0.98 (95% CI 0.95–1.00,
sensitivity: 1.00, specificity: 0.96). The controlled attenuation parameter was also accurate with an AUROC of 0.85 (95% CI
0.77–0.93). Youden cut-off was >−270 dB/m (sensitivity: 0.90, specificity: 0.74). The fatty liver index yielded a similar AUROC of
0.83 (95% CI 0.74–0.91), but the conventional cut-off used to rule in (>−60) had low sensitivity and specificity (0.62, 0.78). The
prevalence of NAFLD in the overall cohort was 16.2% based on US. Metabolic syndrome was associated with NAFLD (OR: 2.35
[1.08–5.12], p = 0.031). The overall prevalence of LSM >−8.0 kPa indicating significant fibrosis was 3.8%, but reached 13.2% in
people with NAFLD.
Conclusions: NAFLD prevalence in individuals with T1D is 16.2%, with approximately one in 10 featuring elevated LSM. US-
based screening could be considered in people with T1D and metabolic syndrome.
Impact and Implications:We aimed to report on the prevalence, disease severity, and risk factors of NAFLD in type 1 diabetes
(T1D), while also tackling which non-invasive test for NAFLD is the most accurate. We found that ultrasound is the best test to
diagnose NAFLD. NAFLD prevalence is 16.2%, and is associated with metabolic syndrome and BMI. Elevated liver stiffness
indicating fibrosis is overall not prevalent in people with T1D (3.8%), but it reaches 13.2% in those with T1D and NAFLD.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Non-alcoholic fatty liver disease (NAFLD) affects one-quarter of
the adult population, with incidence rates expected to rise pro-
portionally alongside the obesity pandemic.1 NAFLD is charac-
terised by the accumulation of lipid-laden vacuoles in
hepatocytes in the absence of other causes of macrovesicular
Keywords: Type 1 diabetes mellitus; NAFLD; Transient elastography; MRI; Liver
fibrosis; Metabolic syndrome.
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steatosis or chronic liver disease and encompasses both isolated
steatosis and non-alcoholic steatohepatitis (NASH). The latter is
considered the more aggressive form and can lead to fibrosis
potentially culminating into cirrhosis.2,3 The presence of excess
liver fat can be detected using several non-invasive tests (NITs)
including risk scores, abdominal ultrasound (US), controlled
attenuation parameter (CAP) as part of a liver stiffness mea-
surement (LSM) by vibration-controlled transient elastography
(VCTE), and magnetic resonance imaging (MRI) such as 1-H
magnetic resonance spectroscopy (MRS). The gold standard is
liver biopsy, because it is the only reliable technique to simul-
taneously evaluate steatosis, hepatic necro-inflammation and
fibrosis.2,3 However, liver biopsy is invasive, making it unsuited
for epidemiological purposes. MRI is highly accurate to evaluate
liver fat content (LFC), and is therefore considered the non-
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invasive gold standard to assess liver steatosis with increasing
implementation in observational studies and pharmaceutical
trials.4 Nonetheless, population-based screening using MRI is
logistically unrealistic.

NAFLD has a bidirectional relation with metabolic syndrome
(MetS) and type 2 diabetes (T2D), and poses not only a hepatic,
but also a cardiovascular health burden, the latter more notable
in people with concomitant diabetes.5–7 Although the risk of
cardiovascular disease (CVD) is associated with NAFLD severity,
even isolated steatosis imposes an increased CVD risk.5

Individuals with type 1 diabetes (T1D) are increasingly
affected by overweight/obesity, insulin resistance (IR), and
MetS.8–11 Overall mortality in T1D is increased compared with
the general population, mainly attributable to CVD.12 Because of
the negative synergy of hyperglycaemia and MetS regarding
CVD, diabetes management includes both tight glycaemic control
and efforts to prevent or reduce features of MetS.13–15 NAFLD is
currently not screened for in individuals with T1D. A recent
meta-analysis reported a NAFLD prevalence of 22% in adults with
T1D.16 The meta-analysis, however, included highly heteroge-
neous and mostly retrospective studies, with significant varia-
tion in prevalence, ranging from 0.0 to 64.7%.

The aim of the current study was to determine the prevalence
of NAFLD in people with T1D and to identify associated factors.
We aimed first at assessing the diagnostic accuracy of several
NITs to diagnose NAFLD using MRS as the reference standard,
and subsequently at determining the prevalence of NAFLD in the
overall cohort. Thirdly, we aimed at evaluating the distribution of
disease severity, that is the presence of significant fibrosis, based
on LSM. Finally, we analysed characteristics associated with
NAFLD in this specific population.
Patients and methods
Study design
In this observational study conducted between 2018 and 2022,
adults with T1D (disease duration >2 years) visiting the
diabetes clinic of the Antwerp University Hospital were
consecutively screened for NAFLD. Individuals were excluded in
case of alpha-1 antitrypsin deficiency, viral hepatitis, Wilson’s
disease, autoimmune hepatitis, significant alcohol use (>−3 units
of alcohol per day for males, >−2 units per day for females),
steatogenic medication use (corticosteroids, amiodarone,
tamoxifen, methotrexate, nucleoside reverse transcriptase in-
hibitors), active pregnancy or pancreas transplantation. We
aimed to enrol minimally 50% of all outpatient individuals
attending the clinic to obtain an unbiased sample size and
adequate power. This study was conducted in accordance with
the amended Declaration of Helsinki. All individuals signed an
informed consent form. The research protocol was approved by
the ethics committee of the University Hospital (18/32/361).
This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline.17

Data collection
Data were collected on demographics, diabetes duration, alcohol
consumption, smoking, medication use, and comorbidities. The
total daily dose of insulin per kg bodyweight (TDI, U/kg) was
calculated. Clinical variables included height (cm), weight (kg),
BMI, and waist circumference (WC, cm). Blood pressure was
taken after resting for 10 min. The lowest of minimally three
JHEP Reports 2023
measurements was used. MetS was present if more than two of
the following criteria were met, as all individuals were consid-
ered to feature hyperglycaemia: (1) increased WC (men >−102 cm,
women >−88 cm), (2) hypertriglyceridaemia (>−150 mg/dl =
1.7 mmol/L) or fibrate use, (3) low HDL (men <40 mg/dl =
1.03 mmol/L, women <50 mg/dl = 1.29 mmol/L), and (4) hyper-
tension (blood pressure >−130/85 mmHg or antihypertensive drug
use), based on the 2005 revised National Cholesterol Education
Program Adult Treatment Panel III definition.18 The following
laboratory parameters were obtained (fasted): glycated haemo-
globin A1c (HbA1c, measured with high-performance liquid
chromatography), creatinine, total cholesterol, HDL, LDL, tri-
glycerides (TG), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma-glutamyl transferase (GGT), and
platelet count. Estimated glomerular filtration rate (eGFR) was
calculated with the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula. Screening for viral hepatitis
was done by determining hepatitis B surface antigen and anti-
bodies against hepatitis C. Alpha-1 antitrypsin, IgG, autoanti-
bodies, copper, and ceruloplasmin were determined to screen for
antitrypsin deficiency, autoimmune hepatitis and Wilson’s dis-
ease, respectively.

Evaluation of liver steatosis and fibrosis
All participants had US/VCTE performed after an overnight fast
by trained staff, supervised by a single experienced physician
(JM). All investigators were a priori certified by Echosens. Stea-
tosis was detected based on the observation of diffuse hyper-
echogenicity of the liver parenchyma in comparison to the
kidney, attenuation of the ultrasonographic beam, and loss of
visualisation of the diaphragm and peripheral portal vessels,
resulting in an ultrasound score grading 0–3.19 Liver parenchyma
had to be hyperechogenic >−grade 1 on ultrasound to be diag-
nosed as steatosis. VCTE was performed with FibroScan© 502
(Echosens, Paris, France). The Fibroscan featured an M and XL
probe, with the probe choice provided by the Automatic Probe
Selection algorithm of the device, dependent on the skin–liver
capsule distance. In agreement with the European guideline,
we explored the prevalence of steatosis based on CAP using a
CAP >275 dB/m (sensitivity and PPV >90%), irrespective of the
probe.20–22 This proposed cut-off for S >− S1 steatosis was then
internally compared with our MRS data for cohort-specific vali-
dation. We used LSM <8.0 kPa to rule out significant fibrosis (>−F2
fibrosis).20 VCTE results were considered reliable if at least 10
valid measurements, a valid/invalid measurement ratio >60% and
an interquartile range/median ratio for LSM <−30% were ob-
tained.23 The fatty liver index score (FLI) and Fibrosis-4 (FIB-4)
scores were calculated and applied in accordance with the
guideline, and then compared with MRS and LSM,
respectively.20,24

MRS
A subgroup underwent additional MRS to evaluate LFC. As ac-
curacy indices depend on disease prevalence, patients were
recruited in a 1:5 NAFLD/no-NAFLD ratio (based on US) to reflect
the prevalence previously described in the literature.16 A 1.5T
MAGNETOM Aera (Siemens Healthcare, Erlangen, Germany)
magnetic resonance tomograph was used, equipped with syngo
MR E11 software running the clinical application Liverlab. We
measured LFC in three regions of interest. A mean LFC >5.56%
defined NAFLD.25 Magnetic imaging was assessed by a single
certified expert radiologist (MS) blinded from US/VCTE results.
2vol. 5 j 100753



Statistical analysis
Data are mean ± SD, median (IQR), or frequencies (percentage),
when appropriate. Groups were compared with independent
samples t test for normally distributed variables, Mann–Whitney
U test for skewed variables, and X2 test or Fisher’s exact test for
categorical variables. Areas under the receiver–operator curve
(AUROCs) were determined to evaluate diagnostic accuracy of
the variable NITs. AUROCs were compared using DeLong test.
Youden’s index was used to determine cut-offs. Multivariable
logistic regression was performed to determine factors associ-
ated with NAFLD. Odds ratio (OR) with 95% CI were expressed as
indicated. A two-sided value of p <0.05 was considered signifi-
cant. Statistical analyses were performed with Statistical Package
for Social Sciences (SPSS) 28.0 (IBM Corp., Armonk, N.Y., USA)
and R Statistical Software (v4.2.2; R Core Team 2021, R Founda-
tion for Statistical Computing, Vienna, Austria).
Results
Between October 2018 and March 2022, 583 out of a total pop-
ulation of 987 adults consented to participate (59%). Fifty-three
individuals (9.0%) were excluded for reasons summarised in
Excluded (n = 3
•  Acute claustrop
• Invalid measure
  co-measuremen

Total number of outpatient in
univers

(n =

Planned for
(n =

Included in overall cohort for prevalence and
characteristics based on NITs

(n = 530)

Agreement to have additional MRS imaging
performed
(n = 135)

Included in MRS cohort to validate diagnostic
accuracy of NITs

(n = 132)

Fig. 1. Flowchart of study recruitment process showing exclusion criteria f
alcoholic drinks for men, >two daily standardised alcoholic drinks for women;
disease, autoimmune hepatitis; steatogenic medication: corticosteroids, amiod
incorrect diagnosis of T1D: absence of autoimmune markers or absence of low/u
trophobia. NIT, non-invasive test; MRS, magnetic resonance spectroscopy; T1D, t
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Fig. 1. Ultimately, 530 individuals were eligible for final analysis.
Additional MRS imaging studies were performed in 135 in-
dividuals, of which 132 were successful.

NAFLD diagnosis and characteristics in the MRS cohort
The median age was 50 (33–61) years, and mean diabetes
duration was 29 ± 14 years. Seventy-four individuals (56.1%)
were male. Mean BMI was 26.9 ± 4.4 kg/m2, with a 29.5% obesity
rate (Table 1). Median LFC was 3.2 (2.6–4.4). Twenty-one in-
dividuals (15.9%) had NAFLD according to MRS, whereas 25 had
NAFLD according to US. This implies that, as the cohort was
composed starting from a 1:5 US-based NAFLD ratio, 21/25 were
correctly classified as having NAFLD, whereas 0/107 were falsely
ruled out by US (see below). LSM >−8.0 kPa, indicative of fibrosis,
was present in five individuals, (3.9%).

Individuals with NAFLD were more often male, and more
often obese. Male individuals with NAFLD had an increased WC,
whereas the difference in females failed to reach statistical sig-
nificance. People with NAFLD had more (systolic) hypertension
and MetS was more prevalent. Markers of steatosis (FLI and CAP)
were significantly higher in the NAFLD group, as were liver en-
zymes and lipids related to MetS. An increased LSM was
Excluded (n = 53)
•  Alcohol > threshold (n = 19)
•  Pregnancy (n = 1)
•  Chronic liver disease (n = 4)
•  Steatogenic medication (n = 26)
•  Incomplete medical file (n = 1)
•  Incorrect diagnosis of T1D (n = 2)

)
hobia (n = 1)
ment of liver fat due to
t of perirenal fat (n = 2)

dividuals with T1D followed at
ity hospital
 987)

Not interested/not reached
(n = 404)

 research visit
 583)

or the main and MRS cohort. Alcohol thresholds >three daily standardised
chronic liver disease: alpha-1 antitrypsin deficiency, viral hepatitis, Wilson’s
arone, tamoxifen, methotrexate, nucleoside reverse transcriptase inhibitors;
ndetectable C-peptide. One person discontinued MRS because of acute claus-
ype 1 diabetes.
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Table 1. Baseline characteristics of the MRS cohort and stratification by presence/absence of NAFLD.

MRS cohort NAFLD No NAFLD p value

N 132 21 111

LFC, % 50 [33–6] 8.2 [6.8–17.7] 3.0 [2.5–3.6] <0.001
Age, years 50 [33–61] 57 [29–65] 49 [35–59] 0.289
Male sex, n (%) 74 (56.1) 16 (76.2) 58 (52.3) 0.043
Caucasian, n (%) 124 (93.9) 19 (90.5) 105 (94.6) 0.468
Alcohol abstinence, n (%) 45 (34.1) 6 (28.6) 39 (35.1) 0.561
Active smoking, n (%) 8 (6.1) 3 (14.3) 5 (4.5) 0.115
Diabetes duration, years 29 ± 14 28 ± 12 29 ± 14 0.915
CSII, n (%) 38 (28.8) 4 (19.0) 34 (30.6) 0.282
TDI, U/kg per 24 h* 0.63 [0.47–0.85] 0.92 [0.80–1.14] 0.60 [0.45–0.75] <0.001
Biguanide use, n (%) 12 (9.1) 4 (19.0) 8 (7.2) 0.083
GLP-1 RA use,n (%) 8 (6.1) 0 (0.0) 8 (7.2) 0.354
BMI, kg/m2 26.9 ± 4.39 29.3 ± 4.1 26.5 ± 4.3 0.007
Obesity, n (%) 39 (29.5) 10 (47.6) 29 (26.1) 0.048
WC, cm

Males 98.4 ± 12.3 107.6 ± 12.8 95.8 ± 11.0 <0.001
Females 86.2 ± 13.1 94.5 ± 12.0 85.4 ± 13.1 0.139

Blood pressure, mm Hg
SBP 129 ± 12 134 ± 10 128 ± 12 0.027
DPB 75 ± 9 76 ± 11 75 ± 9 0.705

Antihypertensive drug use, n (%) 52 (39.4) 13 (61.9) 39 (35.1) 0.021
MetS # elements NCEP ATPIII, n (%) <0.001

1 49 (37.1) 0 (0) 49 (44.1)
2 41 (31.1) 6 (28.6) 35 (31.5)
3 27 (20.5) 8 (38.1) 19 (17.1)
4 12 (9.1) 6 (28.6) 6 (5.4)
5 3 (2.3) 1 (4.8) 2 (1.8)

MetS NCEP ATPIII, n (%) 42 (31.8) 15 (71.4) 27 (24.3) <0.001
Creatinine, mg/dl 0.76 [0.68–0.90] 0.89 [0.62–0.97] 0.76 [0.68–0.86] 0.378
eGFR, mL/min per 1.73 m2 100.9 ± 23.5 99.6 ± 28.8 101.1 ± 22.5 0.826
HbA1c, % 7.4 ± 0.9 7.6 ± 0.9 7.4 ± 0.9 0.265
HbA1c, mmol/mol 57 ± 10 60 ± 10 57 ± 10 0.265
Albumin, g/L 41.7 ± 3.1 42.2 ± 3.2 41.5 ± 3.1 0.385
AST, IU/L 24 [20–29] 27 [21–40] 24 [20–28] 0.025
ALT, IU/L 22 [16–31] 32 [20–50] 22 [15–29] 0.007
GGT, IU/L 20 [14–30] 30 [17–51] 19 [13–28] 0.007
TG, mg/dl 85 [ 64–109] 124 [94–249] 79 [62–95] <0.001
Total cholesterol, mg/dl 172 ± 35 158 ± 33 175 ± 35 0.048
HDL, mg/dl

Males 51 ± 12 45 ± 9 52 ± 13 0.038
Females 67 ± 18 44 ± 10 69 ± 18 0.003

LDL, mg/dl 102 [81–120] 99 [76–113] 102 [81–122] 0.383
Statin use, n (%) 64 (48.5) 11 (52.4) 53 (47.7) 0.697
US-NAFLD, n (%) 25 (18.9) 21 (100.0) 4 (3.6) <0.001
M probe, n (%) 106 (83.5) 14 (70.0) 92 (86.0) 0.100
CAP, dB/m† 254 ± 54 310 ± 44 244 ± 49 <0.001
CAP >275 dB/m, n (%)† 43 (33.9) 16 (80.0) 27 (25.2) <0.001
FLI 37 [12–62] 68 [47–86] 33 [9–56] <0.001
FLI categories, n (%) 0.003

Low risk 55 (41.7) 3 (15.0) 52 (46.4)
Medium risk 43 (32.6) 6 (30.0) 37 (33.0)
High risk 34 (25.8) 11 (55.0) 23 (20.5)

LSM, kPa† 5.3 [4.4–6.1] 5.9 [5.3–7.1] 5.1 [4.3–6.0] 0.008
LSM >−8.0 kPa, n (%)† 5 (3.9) 3 (15.0) 2 (1.9) 0.010

Results are given as mean ± SD, median [IQR] or N (%). Comparison between groups with independent samples t test for normally distributed variables, Mann–Whitney U test
for skewed variables, and X2 test or Fisher’s exact test for categorical variables. The significance level was set at p <0.05. Values in bold denote significance.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CSII, continuous subcutaneous insulin infusion; CAP, controlled attenuation parameter; DBP, diastolic blood
pressure; eGFR, estimated glomerular filtration rate; FLI, fatty liver index; GGT, gamma-glutamyl transferase; GLP-1 RA, glucagon-like peptide receptor agonist; HbA1c,
haemoglobin A1c; LFC, liver fat content; LSM, liver stiffness measurement; MetS, metabolic syndrome; MRS, magnetic resonance spectroscopy; NAFLD, non-alcoholic fatty
liver disease; NCEP ATPIII, National Cholesterol Education Program Adult Treatment Panel III; SBP, systolic blood pressure; TDI, total daily dose of insulin; TG, triglycerides; Tot
Chol, total cholesterol; US-NAFLD, ultrasound-determined NAFLD; WC, waist circumference.
* TDI available in 105 individuals.
† VCTE results available in 127 individuals, 20 with NAFLD, 107 without.
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proportionally more prevalent in those with NAFLD (15.0 vs.
1.9%) (Table 1).

Multivariate regression analysis showed that MetS and TDI
were strongly associated with the presence of NAFLD, whereas
JHEP Reports 2023
age, sex, HbA1c or diabetes duration were not. When MetS was
broken down into its components, elevated TG levels and hy-
pertension were associated with NAFLD (Table 2, panel A). Liver
enzymes were not independently associated with NAFLD.
4vol. 5 j 100753



Table 2. Regression analysis of factors associated with NAFLD.

Panel A: MRS cohort

Variable B Odds ratio 95% CI p value

Model 1 (Nagelkerke R2 = 0.437)
Age, years 0.017 1.02 0.97–1.07 0.488
Male sex 0.477 1.61 0.31–8.29 0.568
HbA1c (%) 0.117 1.12 0.55–2.31 0.750
MetS 1.453 4.28 1.01–18.05 0.048
TDI (U/kg) 3.570 35.51 2.98–422.98 0.005
Diabetes duration, years −0.026 0.98 0.91–1.04 0.435
BMI, kg/m2 0.111 1.12 0.91–1.37 0.278

Model 2 (Nagelkerke R2 = 0.330)
Age, years 0.022 1.02 0.968–1.07 0.347
Male sex 0.833 2.30 0.70–7.59 0.172
HbA1c (%) 0.041 1.04 0.58–1.87 0.890
Increased WC 0.756 2.13 0.67–6.81 0.202
Increased TG 1.401 4.06 1.05–15.64 0.042
Decreased HDL 1.123 3.07 0.82–11.53 0.096
Hypertension 1.331 3.79 1.01–14.33 0.050
Diabetes duration, years −0.033 0.97 0.92–1.02 0.251

Panel B: US cohort

Model 1 (Nagelkerke R2 = 0.371)
Age, years 0.002 1.00 0.98–1.03 0.846
Male sex 0.104 1.11 0.57–2.15 0.757
HbA1c (%) −0.052 0.95 0.67–1.34 0.768
MetS 0.952 2.59 1.20–5.58 0.015
TDI, U/kg 1.825 6.20 2.13–18.05 <0.001
Diabetes duration, years −0.001 1.00 0.97–1.03 0.923
BMI, kg/m2 0.202 1.22 1.13–1.33 <0.001

Model 2 (Nagelkerke R2 = 0.317)
Age, years −0.003 1.000 0.97–1.02 0.828
Male sex 0.030 1.03 0.55–1.94 0.926
HbA1c (%) −0.120 0.89 0.64–1.24 0.481
Increased WC 1.95 7.05 3.55–13.99 <0.001
Increased TG 0.853 2.35 1.01–5.48 0.048
Decreased HDL −0.527 0.59 0.24–1.45 0.252
Hypertension 0.570 1.77 0.84–3.74 0.136
TDI, U/kg 1.969 7.16 2.45–20.90 <0.001
Diabetes duration, years −0.10 0.99 0.96–1.02 0.485

Model 3 (Nagelkerke R2 = 0.392)
Age, years 0.003 1.00 0.98–1.03 0.838
Male sex 0.021 1.02 0.51–2.03 0.953
HbA1c (%) −0.032 0.97 0.68–1.38 0.860
MetS 0.856 2.35 1.08–5.12 0.031
TDI, U/kg 1.901 6.70 2.20–20.42 <0.001
Diabetes duration, years −0.006 0.99 0.97–1.02 0.994
BMI, kg/m2 0.212 1.24 1.14–1.34 <0.001
ALT, IU/L −0.016 0.99 0.95–1.02 0.423
AST, IU/L 0.039 1.04 0.98–1.10 0.173
GGT, IU/L 0.014 1.01 1.00–1.03 0.043

Logistic regression analysis to determine factors associated with the presence of NAFLD. The significance level was set at p <0.05. Values in bold denote significance. Panel A:
Model includes all significant covariates derived from univariate analyses and variables based on clinical reasoning. Increased WC: men >−102 cm, women >−88 cm; increased
TG: >− 150 mg/dl [1.7 mmol/L] or fibrate use; decreased HDL: men <40 mg/dl [1.03 mmol/L], women < 50 mg/dl [1.29 mmol/L]; hypertension: blood pressure >−130/85 mmHg or
antihypertensive drug use. TDI was not included in the second model because of missing data and thus lack of power in the MRS cohort. BMI was not included in the second
model because of multicollinearity with WC. Liver enzymes are not included in panel A, since panel A aims to identify risk factors. Panel B: Models 1 and 2 include the same
factors as the MRS model. Model 3 includes liver enzymes AST, ALT, and GGT to explore their potential as first-line biomarkers. ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma-glutamyl transferase; HbA1c, haemoglobin A1c; MetS, metabolic syndrome; TDI, total daily dose of insulin; TG, triglycerides; WC, waist
circumference.
Validation of NITs compared with MRS in the MRS cohort
Results including predictive values and likelihood ratios are
summarised in Table 3. US yielded an excellent AUROC of 0.98
(0.95–1.00), with a sensitivity of 1.00 and a specificity of 0.96 for
>−S1. CAP yielded an AUROC of 0.85 (0.77–0.93). The optimal CAP
threshold to detect >−S1, regardless of the probe, was >−270 dB/m,
(sensitivity 0.90, specificity 0.74). FLI had an AUROC of 0.83
(0.74–0.91). Youden cut-off was >−45 (sensitivity 0.91, specificity
0.64). The conventional cut-off (>−60) had a sensitivity of 0.62 and
a specificity of 0.78. FLI <30 resulted in a sensitivity of 0.95 and a
JHEP Reports 2023
specificity of 0.47. DeLong pairwise comparisons showed that the
AUROC of US was significantly different from both CAP and FLI (p
<0.001), whereas the difference in AUROC between CAP and FLI
was not significant (p = 0.684). Combining US + CAP or US + FLI
did not increase diagnostic accuracy.

Prevalence and characteristics of NAFLD according to NITs in
the overall cohort
The acquired cut-offs from the accuracy analysis described above
were used to further investigate the epidemiology of NAFLD in
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Table 3. Diagnostic accuracy results of NITs compared with MRS.

MRS US Conventional
CAP according

to EASL

CAP determined
by Youden index

Conventional
FLI

FLI determined by
Youden index

US + CAP US + FLI

N 132 132 127 127 132 132 131* 132
AUROC Ref. 0.98 0.85 0.85 0.83 0.83 0.93 0.93
Cut-off Ref. >−1 criterion >275 dB/m >−270 dB/m >−60 >−45 US >−1 criterion and

CAP >−270 dB/m
US >−1 criterion

and FLI >−45
NAFLD prevalence, N (%) 21 (15.9) 25 (18.9) 43 (33.9) 46 (36.2) 37 (28.0) 59 (44.7) 21 (16.0) 23 (17.4)
Sensitivity Ref. 1.00 0.80 0.90 0.62 0.91 0.91 0.91
Specificity Ref. 0.96 0.75 0.74 0.78 0.64 0.98 0.96
PPV Ref. 0.84 0.37 0.39 0.35 0.32 0.91 0.83
NPV Ref. 1.00 0.95 0.98 0.92 0.97 0.98 0.98
+LR Ref. 25 3.20 3.46 2.81 2.53 45.5 22.8
-LR Ref. 0.001† 0.27 0.14 0.48 0.14 0.91 0.09

Accuracy analysis of NITs compared with MRS >5.56%. Conventional CAP and FLI cut-offs according to current EASL guidelines. Prevalence shown as N (%). Cut-off determined
by Youden’s index (sensitivity + specificity - 1). Diagnostic indices shown as percentages. The significance level was set at p <0.05.
AUROC, area under receiver-operator curve; CAP, controlled attenuation parameter; FLI, fatty liver index; +LR, positive likelihood ratio; -LR, negative likelihood ratio; MRS, (1H)
magnetic resonance spectroscopy; NITs, non-invasive tests; NPV, negative predictive value; PPV, positive predictive value; US, ultrasound.
* One subject had a positive US, but failed VCTE.
† Equation performed with sensitivity of 0.999.
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the overall cohort. The median age of the overall cohort (n = 530)
was 47 (31–59) years, with a diabetes duration of 26 ± 14 years
(Table 4). The majority of individuals were Caucasian (92.1%), and
55.8% were males. Mean BMI was 26.2 ± 4.7 kg/m2, 20.6% were
obese. MetS was present in 30%. Mean HbA1c level was 7.5 ± 1.0%
or 58.0 ± 10.4 mmol/mol. Median TDI was 0.59 U/kg per 24 h.
VCTE exams data were successful in 505 individuals. VCTE failed
in 3.0% of men compared with 6.8% of women (p = 0.041). BMI
was higher, for both sexes, in people with failed VCTE, but fe-
males with failed VCTE had distinctively higher BMI compared
with their male equivalents (36.1 ± 5.8 vs. 25.4 ± 4.7 [females],
31.9 ± 5.0 vs. 26.2 vs. 3.8 kg/m2 [males], p <0.001 for both). Sig-
nificant fibrosis according to LSM was present in 19 individuals
(3.8%).

We stratified the individuals in our main cohort according to
US (Table 4). Additional analyses according to CAP and the
combination of US + CAP can be found in the Supplementary
material.

US-based NAFLD prevalence was 16.2%. Those with NAFLD
were older and more often obese with larger WC, higher TDI, and
a higher rate of hypertension. Furthermore, HbA1c, liver en-
zymes, and TG were higher, whereas HDL levels were lower.
There were no significant differences in sex distribution, creati-
nine, or LDL levels. The prevalence of MetS and the percentage of
individuals treated with antihypertensive or statins was higher
in the NAFLD group. Urinary albuminuria rate and prevalence of
clinical microalbuminuria were higher in those with NAFLD.
Thirty-nine percent of people with MetS presented with NAFLD,
whereas only 6.5% of people without MetS had NAFLD (p <0.001).
Regression analysis (Table 2, panel B) confirmed the associations
found in the MRS subcohort, with NAFLD being associated with
MetS, BMI, and TDI. GGT was associated with NAFLD, whereas
AST and ALT were not.

Evaluation of fibrosis based on LSM
As mentioned, 19 persons in the overall cohort had LSM >−8.0 kPa.
Furthermore, elevated LSM was more prevalent in the NAFLD
group (US), with an in-group prevalence of 13.2% (Table 4).

Individuals with elevated LSM had a larger WC (98.3 ± 13.4 vs.
90.1 ±13.3 cm, p = 0.008) and more often MetS (52.6 vs. 26.5%, p =
0.013). CAP, FLI, and FIB-4 were significantly higher (270 ± 78 vs.
229 ± 56 dB/m, p = 0.033; 49 ± 29 vs. 31 ± 27, p = 0.004; 0.94
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[0.70–1.41] vs. 0.73 [0.48–1.08]), p = 0.036). Half of people with
significant fibrosis had a CAP above threshold. Age, diabetes
duration, HbA1c, TDI, systolic blood pressure and diastolic blood
pressure were not different. BMI, liver enzymes and lipids were
higher, while thrombocytes and HDL were lower, but this failed
to reach statistical significance. Logistic regression showed an OR
for significant fibrosis of 7.07 (2.77–18.05, p <0.001) when NAFLD
was present. No other variables showed an association with
fibrosis. Only five of the 19 individuals (sensitivity: 0.26) with
elevated LSM had a FIB-4 score >−1.3 (2.0 for elderly). However,
415 of 485 (specificity: 0.86) without elevated LSM values were
correctly ruled out by the FIB-4.

Screening proposal for people with T1D
We provided an algorithm to screen for NAFLD in people with
T1D with MetS and/or obesity, based on our data and the Eu-
ropean management guideline for NAFLD.2 We recommend
screening based on US, with referral to more advanced imaging
based on the combination of steatosis and fibrosis assessment by
VCTE, to detect those individuals at risk for NAFLD-fibrosis.
People with steatosis should be rescreened on a regular basis,
to intercept progression towards advanced fatty liver disease
(Fig. 2).
Discussion
In this prospective cohort study we report a NAFLD prevalence of
16.2% in people with T1D. The prevalence of significant fibrosis
according to an increased LSM >−8.0 kPa in people with
concomitant NAFLD was 13.2% whereas the general prevalence
was low (3.2%). MetS was strongly associated with NAFLD, with
associations found with its individual components. BMI, TDI, and
GGT were also associated with NAFLD. This study is the first to
validate commonly used NITs for NAFLD in T1D using MRS as the
reference standard, and demonstrates that US has excellent ac-
curacy and outperforms other NITs. We thus propose to use US
for screening. When unavailable, CAP or FLI are alternatives,
bearing in mind the higher rate of false positives. Although
AUROCs where similar, FLI seems to be less able to identify true
positives compared with CAP. Furthermore, the ability of FLI to
rule in steatosis was lower in people with T1D compared with
reports in other populations.24,26
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Table 4. Baseline characteristics of the overall cohort and stratification by presence/absence of US-determined NAFLD.

Overall cohort NAFLD No NAFLD p value

N 530 86 444

Age, years 47 [31–59] 52 [35–62] 45 [30–58] 0.029
Male sex, n (%) 296 (55.8) 52 (59.8) 244 (55.1) 0.420
Caucasian, n (%) 488 (92.1) 75 (87.2) 413 (93.0) 0.068
Alcohol abstinence, n (%) 177 (33.4) 27 (31.4) 150 (33.8) 0.667
Active smoking, n (%) 53 (10.0) 15 (17.4) 38 (8.6) 0.038
Diabetes duration, years 26 ± 14 27 ± 13 26 ± 14 0.307
CSII, n (%) 122 (23.0) 17 (19.8) 105 (23.6) 0.434
TDI, U/kg per 24 h* 0.59 [0.46–0.77] 0.77 [0.56–1.03] 0.56 [0.45–0.73] <0.001
Biguanide use, n (%) 43 (8.2) 15 (17.6) 28 (6.3) <0.001
GLP-1 RA use, n (%) 11 (2.1) 4 (4.7) 7 (1.6) 0.086
BMI, kg/m2 26.2 ± 4.7 30.1 ± 4.5 25.3 ± 4.1 <0.001
Obesity, n (%) 109 (20.6) 51 (59.3) 58 (13.1) <0.001
WC, cm

Males 95.4 ± 12.9 108.2 ± 11.2 92.7 ± 11.6 <0.001
Females 86.7 ± 14.6 105.1 ± 15.6 83.5 ± 11.9 <0.001

Blood pressure, mm Hg
SBP 127 ± 13 133 ± 13 126 ± 13 <0.001
DBP 74 ± 9 75 ± 9 74 ± 9 0.136

Antihypertensive drug use, n (%) 5.1 ± 1.6 45 (52.3) 148 (33.3) <0.001
Hypertension, n (%) 303 (57.1) 66 (75.9) 237 (53.5) <0.001
MetS # elements NCEP ATPIII, n (%) <0.001

1 167 (31.5) 4 (4.7) 163 (36.7)
2 204 (38.5) 20 (23.3) 184 (41.4)
3 111 (20.9) 40 (46.5) 71 (16.0)
4 36 (6.8) 17 (19.8) 19 (4.3)
5 12 (2.3) 5 (5.8) 7 (1.6)

MetS, N (%) 159 (30.0) 62 (72.1) 97 (21.8) <0.001
Creatinine, mg/dl 0.76 [0.67–0.86] 0.78 [0.56–1.03] 0.76 [0.66–0.86] 0.222
eGFR, mL/min per 1.73 m2 104 [92–119] 99 [88–115] 107 [93–119] 0.057
HbA1c, % 7.5 ± 1.0 7.6 ± 0.9 7.4 ± 1.0 0.045
HbA1c, mmol/mol 58 ± 10 60 ± 10 58 ± 11 0.045
Albumin, g/L 41.9 ± 3.1 41.0 ± 3.2 42.0 ± 4.1 0.044
AST, IU/L 21 [17–26] 23 [18–28] 21 [16–25] 0.018
ALT, IU/L 22 [16–29] 27 [19–36] 21 [16–28] <0.001
GGT, IU/L 21 [15–30] 94 [73–138] 20 [15–28] <0.001
TG, mg/dl 75 [58–99] 94 [73–138] 73 [56–93] <0.001
Total cholesterol, mg/dl 172 ± 33 175 ± 34 172 ± 33 0.386
HDL, mg/dl

Males 55 ± 14 50 ± 11 56 ± 14 0.001
Females 69 ± 18 62 ±18 71 ± 17 0.008

LDL, mg/dl 95 [79–117] 100 [82–120] 94 [78–115] 0.122
Statin use, n (%) 27 ± 22 49 (57.0) 162 (36.6) <0.001
Use of M probe, n (%) 405 (78.6) 41 (51.2) 364 (83.7) <0.001
CAP, dB/m† 230 ± 58 290 ± 58 220 ± 51 <0.001
FLI 34 ± 28 69 ± 24 28 ± 24 <0.001
LSM, kPa† 4.9 [4.0–5.9] 5.5 [4.2–6.6] 4.8 [4.0–5.8] 0.019
LSM >−8 kPa, n (%)† 19 (3.8) 10 (13.2) 9 (2.1) <0.001
FIB-4 0.74 [0.49–1.08] 0.78 [0.50–1.09] 0.73 [0.49–1.06] 0.802
FIB-4 <1.3 (<2.0 if >65 years) 488 (92.1) 78 (90.7) 410 (92.3) 0.605
Urinary albuminuria rate, lg/min 3.8 [2.1–8.0] 5.0 [2.5–11.1] 3.5 [2.0–7.0] 0.004
Microalbuminuria, n (%) 52 (9.9) 14 (16.5) 38 (8.6) 0.026

Results are given as mean ± SD, median [IQR] or N (%). Comparison between groups with independent samples t test for normally distributed variables, Mann–Whitney U test
for skewed variables, and X2 test or Fisher’s exact test for categorical variables. The significance level was set at p <0.05. Values in bold denote significance.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAP, controlled attenuation parameter; CSII, continuous subcutaneous insulin infusion; DBP, diastolic blood
pressure; eGFR, estimated glomerular filtration rate; FIB-4, Fibrosis-4; FLI, fatty liver index; GGT, gamma-glutamyl transferase; GLP-1 RA, glucagon-like peptide receptor
agonist; HbA1c, haemoglobin A1c; LFC, liver fat content; LSM, liver stiffness measurement; MetS, metabolic syndrome; MRS, magnetic resonance spectroscopy; NAFLD, non-
alcoholic fatty liver disease; NCEP ATPIII, National Cholesterol Education Program Adult Treatment Panel III; SBP, systolic blood pressure; TDI, total daily dose of insulin; TG,
triglycerides; Tot Chol, total cholesterol level; WC, waist circumference.
* Available in 415 individuals.
† VCTE available in 505 individuals, 76 with NAFLD, 429 without.
Our prevalence report aligns with a recent Dutch study in a
smaller, comparable cohort. That study found a prevalence of
20% with NAFLD defined as CAP >−274 dB/m.27 Prevalence of
JHEP Reports 2023
NAFLD in our study based on CAP >−270 dB/m was 22.4%
(Supplementary material). A Brazilian study reported a preva-
lence of 12.6% based on US, and 16.8% based on CAP >−248 dB/
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T1D + MetS and/or obesity

Evaluation and management of
secondary causes of fatty liver

disease

Ultrasound screening*

Rescreen every 5 years with
ultrasound if metabolic traits

remain present

LSM e.g. by VCTE on Fibroscan®
and steatosis assessment e.g. by

CAP on Fibroscan®

Biennial screening for disease
progression using LSM, preferably

combined with CAP

•  Obesity: BMI ≥30 kg/m2

•  CAP ≥270 dB/m
•  LSM ≥8.0 kPa

Cut-off values
Referral to and follow-up by

hepatologist

Fig. 2. Diagnostic flowchart to assess and monitor disease severity in the presence of type 1 diabetes combined with metabolic risk factors. Rescreening
intervals at level 1 (negative ultrasound) and level 2 (non-elevated LSM) are derived from the European Association for the Study of the Liver NAFLD management
guideline.2 *If screening is initially performed with combined ultrasound + VCTE imaging, proceeding immediately to level 2 is recommended. CAP, controlled
attenuation parameter; LSM, liver stiffness measurement; MetS, metabolic syndrome; MRS, magnetic resonance spectroscopy; NAFLD, non-alcoholic fatty liver
disease; NIT, non-invasive test; T1D, type 1 diabetes; VCTE, vibration controlled transient elastography.
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m.28 A Finnish study linking NAFLD based on MRI with body fat
distribution found a prevalence of 11.3%.29 These studies were all
prospective in design. One meta-analysis reported an overall
prevalence rate of NAFLD in T1D (22%). However, the majority of
included studies were retrospective analyses of US data with
hence selection/referral bias leading to high heterogeneity of the
included studies.16 Indeed, the included US studies reported a
pooled prevalence of 27.1%, compared with 8.6% in MRI studies,
the latter less prone to retrospective designs30–32 Our cohort was
older, had a higher BMI and had a longer diabetes duration,
whereas metabolic control (reflected by the mean HbA1c range
of 7.6–12.7%) was globally better compared with populations
described in prior studies. Furthermore, the largest MRI-based
study involved a post hoc analysis of people preselected for a
clinical trial of insulin, thus with restrictions on high HbA1c level
and BMI.27,32 Therefore, our study provides currently the largest,
unbiased estimate of the true prevalence of NAFLD in T1D.

Until now, accuracy of NITs to report NAFLD in T1D was
unproven. Our study is the first to combine several NITs, and
validate them to MRS, the gold standard to quantify LFC. Our
study compared NITs to diagnose an LFC >5.56%, indicating S >−
S1.25 The prevalence of NAFLD varies according to the used NIT,
JHEP Reports 2023
with US being the most accurate. It is known that the accuracy
of US is less in mild steatosis,19 but our study showed excellent
sensitivity and specificity to diagnose even S1. False positivity
for NAFLD on US encompassed four patients. This could be
explained by the technical difficulty in obtaining adequate
imaging of the liver vs. the kidney, leading to false hyper-
echogenicity. Indeed, these individuals were obese, rendering
imaging more difficult. Glycogenic hepatopathy is recognised as
a mimicker of hepatic steatosis on US, however, this is a rare
condition reserved for extremely poorly controlled T1D.33 This
was not the case. More importantly, US did not produce any
false negatives.

The AUROC and +LR of CAP were statistically lower compared
with US. Our CAP cut-offs, derived from our own MRS dataset,
aligned strongly with the proposed cut-off >275 dB/m for >−S1 of
the European guideline.20,21 In CAP-based analysis, contrasting
US-based analysis, males were more affected than females
(Supplementary material). As VCTE had a higher failure rate in
females than in males, possibly because of the distribution of
adipose tissue, we possibly missed more cases of females with
NAFLD leading to a male predominance in CAP-based
assessment.
8vol. 5 j 100753



The AUROC of FLI was significantly lower compared with US,
but not different from CAP. However, FLI produced a higher rate
of false positives compared to CAP. Our study showed that
the +LR for the conventional cut-off >−60 (+LR: 2.81), and the
alternative cut-off >− 45 (+LR: 2.53) are significantly lower in
people with T1D compared to the reported general population
(+LR: 4.3).24 The -LR of the alternative cut-off matches that of
CAP (-LR: 0.14). Globally, this makes FLI less useful for screening
directly compared to CAP, not only because of the lower +LR, but
also because CAP is part of VCTE thus providing a wider hepatic
assessment in a single investigation. We showed that BMI, WC,
TG, and GGT were all associated with NAFLD in multivariate
regression, whereas AST and ALT were not. The latter is known
and indicates that normal transaminase levels do not rule out
NAFLD.34,35

The prevalence of fibrosis based on LSM we found in T1D
resembles previous reports describing a prevalence of 1.8–6.7%,
although different cut-offs were used.27,28,36,37 The recent
Dutch study used >−8.2 kPa for >−F2 fibrosis, resulting in a cohort
prevalence of elevated LSM of 6.7%, and a prevalence of NAFLD-
fibrosis (defined as having both NAFLD and fibrosis) of 3.3%,
which is a lower rate of NAFLD-fibrosis compared to us.27 The
Brazilian study reported a NAFLD-fibrosis rate of >−F2 of 8.4%,
with cut-off >−7.0 kPa.28 Given the sample size and probable low
overall prevalence, our study has adequate power to estimate
overall and NAFLD-related fibrosis based on LSM.

The association of NAFLD with MetS, BMI, and TDI implies a
correlation with IR. Screening for NAFLD in individuals with co-
existing MetS, as a proxy for clinically relevant IR, could be
considered. IR is a pivotal driver for NAFLD, as it contributes to
hepatic fat accumulation directly by increasing de novo lipo-
genesis and indirectly by increasing free fatty acid (FFA) flux
towards the liver due to decreased inhibition of adipose tissue
lipolysis.38 As adipose tissue dysfunction leading to IR is the
pathophysiological driver of T2D, this can explain why NAFLD is
more prevalent in T2D compared with T1D. As insulin suppresses
peripheral lipolysis, insulin therapy leads to lower FFA avail-
ability. Indeed, one study compared people with T1D, insulin-
naive T2D, and insulin-treated T2D and documented that prev-
alence of NAFLD was lowest in those with T1D, but also
distinctively lower in those with insulin-treated T2D compared
with insulin-naive individuals.32 Furthermore, insulin dynamics
are altered in people with T1D, where insulin is administered
subcutaneously leading to an altered peripheral–portal insulin
gradient, which could also protect against hepatic steatosis.33

However, alterations associated with T1D can upregulate
several transcription factors such as sterol regulatory element-
binding proteins (SREBPs) affecting lipogenesis. Thus, the exact
mechanism behind NAFLD in T1D is largely unexplored, although
IR remains the most probable driver. It is important to notice that
the average BMI is increasing in people with T1D, which could
JHEP Reports 2023
lead to NAFLD rates in T1D closing in on prevalence rates in the
general population/T2D.9

Both NAFLD (especially in those with concomitant IR) and T1D
(evenwith tight glycaemic control) are strongly related to CVD.5,39

In addition, some studies have already linked NAFLD with CVD
and renal disease in T1D.38 We demonstrated that patients with
T1D and NAFLD have unfavourable cardiometabolic profiles with
higher BMI, larger WC and dyslipidaemia, regardless of associated
fibrosis, indicating that even early NAFLD reflects an unhealthy
metabolism. Whether NAFLD independently contributes to the
risk of CVD in people with T1D still needs further study. Never-
theless, given the unfavourable cardiometabolic profile, consid-
eration of more in-depth investigation of metabolic comorbidities
and treating them appropriately with comprehensive lifestyle
interventions in people with T1D and NAFLD should be advocated.
Adjuvant anti-diabetic therapies leading to weight loss, such as
GLP-1 receptor agonists or novel dual GIP/GLP-1 receptor agonists
are currently not registered for T1D.

Our study has strengths and limitations. This study is the
largest study to date using NITs and MRS prospectively in people
with T1D. The combined use allows for validation of NITs,
tailored to people with T1D. A first limitation is the represen-
tativity of the MRS cohort for the overall T1D population. How-
ever, this cohort featured comparable clinical characteristics
compared with the overall cohort, and the proportion of NAFLD
seen on US was similar in the MRS and the overall cohort, both
supporting that the MRS cohort was representative. A second
limitation is the unavailability of histology. MRS is considered
equally accurate as histology to assess steatosis, but it cannot
evaluate the presence of fibrosis.4 LSM is an adequate surrogate
for fibrosis assessment, but is not the gold standard, and the true
fibrosis rate is probably lower, owing to the number of false
positives that are seen with LSM compared with histology.2,20

Therefore, it is likewise that the overall presence of significant
fibrosis in people with T1D is low, but histological or magnetic
resonance elastography data are needed to address this question.
Nevertheless, we have shown that elevated LSM values indi-
cating significant fibrosis are present in one out of then cases
with concomitant NAFLD, prompting subsequent investigation of
fibrosis when steatosis is detected. Thirdly, as the study popu-
lation consisted mostly of Caucasian people, data cannot be
extrapolated to other ethnicities. Lastly, we could not explore the
added value of sequential screening by VCTE or risk scores after
performing US to reduce the rate of type I errors, owing to the
small sample size of false positives.

In conclusion, this study showed that NAFLD is present in
approximately one-sixth of people with T1D, with one-tenth of
cases showing elevated LSM. We suggest screening people with
T1D and co-existent MetS, preferably with US. Further assess-
ment could benefit from the addition of VCTE, to co-evaluate
steatosis and possible fibrosis.
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