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Abstract
Purpose Metabolic dysfunction-associated steatotic liver disease (MASLD) may have distinctive pathophysiological features 
in type 1 diabetes (T1D). We evaluated the independent role of blood glucose control on MASLD in T1D.
Methods In a cross-sectional study on 659 T1D adult patients, MASLD was assessed by the Fatty Liver Index (FLI) and the 
Hepatic Steatosis Index (HSI). Anthropometric, biochemical, and clinical parameters were retrieved from electronic records. 
Blood glucose control status was evaluated by dividing participants into subgroups according to the median value of HbA1c 
[7.6% (60 mmol/mol)], and this analysis was repeated excluding overweight/obese patients.
Results Patients with HbA1c above 7.6% (60 mmol/mol) showed significantly higher MASLD indices (HSI 38 ± 6 vs. 36 ± 5, 
p < 0.001; FLI 26 ± 26 vs.19 ± 19, p < 0.001), and higher proportions of MASLD identified by HSI (57 vs. 44%, p < 0.001) 
and FLI (14 vs. 7%, p < 0.001) than patients with HbA1c below 7.6% (60 mmol/mol). Similar results were obtained for HSI 
after the exclusion of overweight/obese patients. Stepwise linear regression analysis confirmed that HbA1c was indepen-
dently associated with HSI (r = 0.496, p = 0.009) and FLI (r = 0.722, p = 0.007); waist circumference with HSI (r = 0.492, 
p < 0.001); and waist circumference (r = 0.700, p < 0.001), HDL cholesterol (r = 0.719, p < 0.001), and LDL cholesterol 
(r = 0.712, p < 0.001) with FLI.
Conclusions Blood glucose control is a main factor associated with MASLD in adults with T1D, also independently of 
overweight and obesity. Appropriate therapeutic strategies focused on tight blood glucose control may also be needed for 
the prevention and treatment of MASLD in T1D.

Keywords Metabolic dysfunction-associated steatotic liver disease · Glucose control · Type 1 diabetes · Fatty liver index · 
Hepatic steatosis index

Abbreviations
AST  Aspartate aminotransferase
ALT  Alanine aminotransferase
BMI  Body mass index
eGDR  Estimated glucose disposal rate
GGT   Gamma glutamyl transpeptidase

HbA1c  Glycated hemoglobin
FLI  Fatty liver index
HSI  Hepatic steatosis index
MASH  Metabolic dysfunction-associated 

steatohepatitis
MASLD  Metabolic dysfunction-associated steatotic 

liver disease
T1D  Type 1 diabetes

Introduction

Metabolic dysfunction-associated steatotic liver disease 
(MASLD) formerly named non-alcoholic fatty liver disease 
or NAFLD [1] is the most common liver disease world-
wide, affecting 20–30% of the general population [2]. It 
includes different histopathological abnormalities ranging 
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from triglyceride accumulation in the hepatocytes (liver 
steatosis) to metabolic dysfunction-associated steatohepatitis 
(MASH), liver fibrosis, and advanced cirrhosis [3].

MASLD shares with type 2 diabetes (T2D) a strict asso-
ciation with insulin-resistance and all components of the 
metabolic syndrome, such as overweight/obesity, dyslipi-
daemia and hypertension [4, 5]. Consistent with this com-
mon pathophysiological milieu, almost the totality of peo-
ple with T2D have MASLD [6, 7]. However, it appears to 
exist a bidirectional relationship between MASLD and T2D. 
Indeed, MASLD may act as a trigger for glucose metabolism 
disruption, and hyperglycaemia may in turn sustain ectopic 
fat accumulation [8].

Obesity and related metabolic alterations are a grow-
ing concern also in people with type 1 diabetes (T1D) [9], 
being a risk factor for MASLD also in this population [10]. 
However, MASLD in T1D seems to have pathophysiologi-
cal peculiarities whose understanding could help in disen-
tangling the complex relationship between diabetes and 
MASLD. One of these factors is hyperglycaemia not asso-
ciated with endogenous hyperinsulinemia and /or insulin 
resistance. The hyperglycaemic status may play a relevant 
role by acting on the onset and progression of MASLD 
through different mechanisms [11, 12]. Few studies have 
addressed this specific aspect suggesting that blood glucose 
control may play a role [13–16], but it has not been investi-
gated whether this role is independent of other confounding 
factors, in particular overweight/obesity that are increasing 
in adult people with T1D.

From a clinical point of view, the identification of the 
main factors associated with MASLD in T1D, particularly 
the early forms that are potentially reversible (i.e. liver stea-
tosis), would be of great interest and could aid patients to 
benefit from therapeutic intervention such as lifestyle modi-
fication or tight glucometabolic control [17], considering 
also that the presence of MASLD in T1D is associated with 
a poorer metabolic profile and a higher prevalence of micro-
vascular and macrovascular complications [10, 18, 19].

Therefore, the aim of our study was to assess the pos-
sible association of glucose control independently of other 
confounding factors with MASLD, evaluated by indirect 
indices, in a large population of adult patients with T1D.

Materials and methods

Study design and population

We performed a cross-sectional, single-center study on 
patients with T1D who carried out the yearly diabetes com-
plications’ assessment at the Diabetes Unit of Federico 
II University of Naples from 2010 to 2021. The medical 
records of each patient’s most recent visit were reviewed 

to collect clinical and biochemical variables. Adult patients 
(18–80 years old) with T1D of both genders and a diabetes 
duration of at least 1 year were included in the present analy-
sis. We have excluded patients with any acute or chronic 
hepatic disease, and a history of alcohol intake exceeding 
30 g/day in men and 20 g/day in women. T1D was defined 
by the use of insulin in combination with either the pres-
ence of anti-GAD or anti-islet cell auto-antibodies, and/or a 
clearly documented diagnosis of T1D [17].

The study protocol—performed in accordance with the 
Declaration of Helsinki—was approved by the Ethics Com-
mittee of Federico II University. All participants provided 
written informed consent to using their clinical and labora-
tory data and being included in the study.

Measurements

Body weight, height, and waist circumference were meas-
ured by standard procedures, and body mass index (BMI) 
was calculated as weight (kg) / height  (m2). All participants 
underwent a complete screening of chronic complications 
according to a standardized protocol including clinical 
examination and dilated eye exam for diabetic retinopathy 
screening. Nephropathy was assessed by urinary albumin 
excretion rate, serum creatinine, and estimated glomeru-
lar filtration rate (eGFR). Autonomic nerve function was 
assessed by cardiovascular reflex tests: parasympathetic 
function by heart rate variability through a deep breathing 
test (beat-to-beat variation), and sympathetic function by 
blood pressure response to standing. Peripheral neuropa-
thy was assessed by bilateral vibration perception, tactile 
perception (Semmes–Weinstein monofilament), and ankle 
reflex.

Blood samples were obtained in the morning after an 
overnight fast. All biochemical analyses were performed 
at the outpatient laboratory of the Federico II University 
of Naples, using standard procedures. Total and HDL-cho-
lesterol were measured by standard methods. LDL-choles-
terol was calculated according to the Friedewald equation 
only for triglyceride values < 400 mg/dl. Glycated hemo-
globin (HbA1c) was measured by high liquid performance 
chromatography standardized according to IFCC. Liver 
enzymes—i.e., aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and gamma-glutamyl-transpepti-
dase (GGT)—were measured by colorimetric methods. 
Daily insulin dose was calculated as the sum of all insulin 
doses injected per day divided by body weight.

Indirect indices of MASLD were calculated according to 
the following formulas:

– Hepatic Steatosis Index (HSI): 8 × ALT/AST ratio + BMI 
(+ 2, if diabetes mellitus; + 2, if female), with values < 30 
ruling out and values > 36 ruling in steatosis [20].



2373Journal of Endocrinological Investigation (2024) 47:2371–2378 

– F a t t y  L i v e r  I n d e x  ( F L I ) :  ( e 
0.953 × log (triglycerides) + 0.139 × BMI + 0.718 × log (GGT) + 0.053 ×  

waist circumference − 15.745) / (1 + e 0.953 × log (triglycerides) + 0.139 × 

BMI + 0.718 × log (GGT) + 0.053 × waist circumference − 15.745) × 100, 
with values < 30 ruling out and values ≥ 60 ruling in stea-
tosis [21].

Insulin sensitivity was evaluated as the estimated glucose 
disposal rate (eGDR):

– e G D R  =  2 1 . 1 5 8  −  ( 0 . 0 9  ×  wa i s t  c i r c u m fe r -
e n c e )  −  ( 3 . 4 0 7  ×  h y p e r t e n s i o n  ( y e s  =  1 /
no = 0) − (0.551 × HbA1c) [22], where hypertension is 1 
if blood pressure ≥ 140/90 mm Hg and/or patient takes 
antihypertensive drugs. Lower eGDR values correspond 
to higher insulin resistance, with a cut off value < 9.65 
considered suggestive of insulin resistance syndrome.

Statistical analysis

Data are presented as mean ± standard deviation for continu-
ous variables or frequencies and percentages for categori-
cal variables. Continuous variables were compared between 
groups using the t-test for normally distributed variables, 
Mann–Whitney-U test for skewed variables, and χ2 test or 
Fisher’s exact test for categorical variables. Due to base-
line differences in gender distribution between groups, the 
characteristics of the participants were compared using 
ANCOVA general linear model taking the variable of inter-
est (i.e., age, BMI, waist circumference, etc.) as depend-
ent variable, MASLD-status as fixed factor, and gender as 
covariate. To explore the possible impact of blood glucose 
control status, participants were divided into subgroups 
according to the median value of HbA1c and this analysis 
was repeated excluding overweight/obese patients. A step-
wise linear regression analysis was performed to assess the 
association between variables of interest and HSI and FLI. 
A p value < 0.05 was considered statistically significant. Sta-
tistical analysis was performed using SPSS software 26.0 
(SPSS/PC; IBM, Armonk, NY, USA).

Results

Characteristics of the participants according to 
MASLD status

Anthropometric, biochemical, and clinical parameters of 
the whole population (n = 659 patients) are summarized 
in Table 1. On average, age was 37 years, BMI 25.4 kg/
m2, HbA1c 7.8% (62 mmol/mol), and duration of diabetes 
20 years. In Table 2, data are reported according to MASLD 
status. As for HSI, 51% of the participants were above the 

cut off value of 36. These patients were older, more likely 
to be male, overweight/obese and with a higher waist cir-
cumference, and had a longer duration of diabetes than par-
ticipants with HSI < 30. They also had higher plasma LDL-
cholesterol, lower insulin sensitivity, a moderately lower 
eGFR, and more use of lipid lowering drugs (23 vs. 0.04%) 
and retinopathy (26 vs. 7%). An FLI above the cut off value 
of 60 was present in 10% of the participants. These patients 
were older, more likely to be male, overweight/obese and 
with a higher waist circumference, and had a longer dura-
tion of diabetes than participants with FLI < 30. They also 
had a worse glucose control and plasma lipid profile, lower 
insulin sensitivity, lower eGFR, and more use of lipid low-
ering drugs (37 vs. 12%) and microvascular complications. 

Characteristics of the participants and MASLD status 
according to blood glucose control

Anthropometric, biochemical, clinical parameters, and 
MASLD status of the patients according to the median value 
of HbA1c [above or below 7.6% (60 mmol/mol)] are shown 
in Table 3.

Table 1  Anthropometric, clinical, and biochemical data of the T1D 
study participants

Data are means (SD) or frequency (percentage)
BMI body mass index; HbA1c glycated hemoglobin; HDL high den-
sity lipoproteins; LDL low density lipoproteins

n = 659

Women/men n (%) 319/340 (48/52)
Age (years) 37 ± 13
BMI (kg/m2) 25.4 ± 4
Participants with BMI ≥ 30 n (%) 68 (10)
Waist circumference (cm) 86 ± 13
Duration of diabetes (years) 20 ± 12
HbA1c (%) 7.8 ± 1.2
HbA1c (mmol/mol) 62 ± 13
Plasma triglycerides (mg/dl) 81 ± 54
HDL-cholesterol (mg/dl) 61 ± 16
LDL-cholesterol (mg/dl) 103 ± 30
Uric acid (mg/dl) 4.1 ± 3.9
Gamma glutamyl transpeptidase (U/l) 19 ± 19
C-reactive protein (mg/dl) 0.4 ± 0.5
Estimated Glomerular Filtration Rate (ml/min/1.73 

 m2)
96 ± 19

Daily insulin dose (IU/body weight) 0.60 ± 0.25
Estimated glucose disposal rate (mg/kg/min) 8.3 ± 2.3
Lipid lowering drugs users n (%) 118 (18)
Nephropathy n (%) 79 (12)
Retinopathy n (%) 138 (21)
Neuropathy n (%) 84 (13)
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Patients with HbA1c above 7.6% (60 mmol/mol) were 
more likely to be female, overweight/obese, and had a higher 
waist circumference, a higher values of plasma triglycerides 
and LDL-cholesterol. In these patients, HSI values and the 
proportion of patients with MASLD identified by HSI (57 
vs. 44%) were significantly higher. Similarly, FLI values and 
the proportion of patients with MASLD identified by FLI 
(14 vs. 7%) were significantly higher in patients with HbA1c 
above 7.6% (60 mmol/mol).

MASLD according to blood glucose control 
in the normal‑weight participants

To evaluate the association of glucose control with MASLD 
independently of overweight/obesity, analyses were per-
formed in the subgroup of patients with BMI < 25 kg/m2 
divided according to the median value of HbA1c (Table 4). 
HSI levels and the proportion of patients with MASLD 
(22 vs. 13%) were significantly higher in the patients with 
HbA1c above 7.6% (60 mmol/mol) than those with HbA1c 
below 7.6% (60 mmol/mol), with no significant differences 

in the other anthropometric and metabolic parameters 
between the two groups. No significant differences in FLI 
were observed, likely due to its low levels in both groups 
(Table 4). Stepwise linear regression analysis confirmed that 
HbA1c was independently associated with MASLD values 
identified by HSI (r = 0.496; p = 0.009) and FLI (r = 0.722; 
p = 0.007). Moreover, HSI was associated with waist cir-
cumference (r = 0.492; p < 0.001) and FLI with waist cir-
cumference (r:0.700; p < 0.001), HDL-cholesterol (r = 0.719; 
p < 0.001), and LDL cholesterol (r = 0.712; p < 0.001).

Discussion

The main novel finding of this large cross-sectional study 
is that, in patients with T1D, a better blood glucose con-
trol was associated with lower MASLD indices and a lower 
prevalence of MASLD. This association was independent 
of other anthropometric and metabolic determinants, was 
confirmed by both indices utilized (HSI and FLI), and was 
independent of obesity/overweight as it was also observed 

Table 2  Anthropometric, clinical, and biochemical data of the T1D study population according to MASLD status identified by HSI and FLI cut-
offs

Data are means (SD) or frequency (percentage)
Significant p values are reported in bold
BMI body mass index; HbA1c glycated hemoglobin; HDL high density lipoproteins; LDL low density lipoproteins
† Adjusted by gender

HSI < 30
(n = 28; 4%)

HSI > 36
(n = 337; 51%)

p† FLI < 30
(n = 474; 72%)

FLI ≥ 60
(n = 68; 10%)

p†

Women/men n (%) 17/11 (61/39) 139/198 (41/59) 0.049 264/210 (56/34) 22/46 (32/68)  < 0.001
Age (years) 31 ± 11 39 ± 13  < 0.001 35 ± 12 44 ± 13  < 0.001
BMI (kg/m2) 19.8 ± 1.4 27.9 ± 3.5  < 0.001 24 ± 3 32 ± 4  < 0.001
BMI ≥ 30 n (%) 0 (0) 68 (20) 0.004 5 (1) 43 (63)  < 0.001
Waist circumference (cm) 69 ± 13 93 ± 12  < 0.001 80 ± 9 107 ± 11  < 0.001
Duration of diabetes (years) 15 ± 10 22 ± 12 0.006 19 ± 11 23 ± 11 0.001
HbA1c (%) 7.5 ± 1.6 7.9 ± 1.2 0.084 7.6 ± 1.2 8.3 ± 1.5  < 0.001
HbA1c (mmol/mol) 58 ± 18 63 ± 13 0.084 60 ± 13 67 ± 17  < 0.001
Plasma triglycerides (mg/dl) 72 ± 30 90 ± 58 0.194 67 ± 27 158 ± 98  < 0.001
HDL-cholesterol (mg/dl) 63 ± 15 58 ± 16 0.296 63 ± 16 52 ± 13  < 0.001
LDL-cholesterol (mg/dl) 92 ± 26 106 ± 30 0.022 100 ± 29 116 ± 30  < 0.001
Uric acid (mg/dl) 3.7 ± 1.2 4.2 ± 2.1 0.486 3.9 ± 4.3 4.6 ± 1.4 0.387
Gamma glutamyl transpeptidase (U/l) 15 ± 10 21 ± 19 0.196 15 ± 14 36 ± 34  < 0.001
C-reactive protein (mg/dl) 0.3 ± 0.1 0.4 ± 0.5 0.388 0.4 ± 0.4 0.5 ± 0.4 0.112
Estimated glomerular filtration rate (ml/min/1.73  m2) 102 ± 19 94 ± 19 0.020 97 ± 18 89 ± 23  < 0.001
Daily insulin dose (IU/kg body weight) 0 .63 ± 0.29 0.59 ± 0.23 0.383 0.6 ± 0.2 0.6 ± 0.3 0.278
Estimated glucose disposal rate (mg/kg/min) 10.6 ± 1.5 7.4 ± 2.3  < 0.001 9.2 ± 1.7 5.1 ± 2.3  < 0.001
Lipid lowering drugs users n (%) 1 (0.04) 78 (23) 0.017 55 (12) 25 (37)  < 0.001
Nephropathy n (%) 2 (7) 46 (14) 0.321 49 (10) 19 (28)  < 0.001
Retinopathy n (%) 2 (7) 89 (26) 0.029 81 (17) 33 (49)  < 0.001
Neuropathy n (%) 2 (7) 60 (18) 0.113 39 (8) 30(44)  < 0.001
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in the subgroup of participants with normal weight. Fur-
thermore, the association was clinically relevant because the 
normal-weight patients with T1D with worse blood glucose 
control showed almost double the risk of MASLD compared 
to those with better glucose control.

From a clinical point of view, the identification of glu-
cose control as an independent factor associated with liver 
fat accumulation, a potentially reversible manifestation of 
MASLD, could further motivate clinicians and patients to 
pursue a tighter glucose control, as both MASLD and scarce 
blood glucose control may independently lead to a higher 
prevalence of microvascular and macrovascular complica-
tions [10, 18, 19].

The determinants of MASLD in T1D might differ from 
those typical of obesity, metabolic syndrome, and T2D. Our 
results show that in adults with T1D a primary role in the 
onset and progression of MASLD might be blood glucose 
control. Literature data concerning the independent role of 
glucose control are few, and performed in populations with 
different anthropometric characteristics, age, and sample 
size.

In epidemiological studies, the presence of MASLD in 
adults with T1D was associated with poor blood glucose 

control together with other factors, such as age, duration 
of diabetes, modalities of subcutaneous insulin administra-
tion, and microvascular complications [10, 13, 18, 19, 23]. 
In children with T1D only glucose control significantly 
correlated with MASLD, and the improvement in glycated 
hemoglobin over 6 months promoted a reduction in liver 
fat in 60% of patients [16]. In young individuals with T1D, 
poor glucose control was the major risk factor for MASLD 
evaluated by ultrasonography [24]; while, in a similarly 
young cohort, the major determinants of MASLD, evalu-
ated by FibroScan, were glycated haemoglobin, gender, 
BMI, and HDL-cholesterol [25].

Glucose control might impact MASLD by favouring 
the accumulation of triglycerides within the hepatocytes 
through the activation and upregulation by hyperglycaemia 
of key transcriptional factors involved in de novo lipo-
genesis, such as carbohydrate responsive element binding 
protein and sterol regulatory element binding protein-1c 
[11, 12]; furthermore, in animal models, hyperglycaemic 
conditions over-express glucose transporter 2 that may 
contribute to liver fat accumulation by an overflow of glu-
cose in the hepatocyte [26].

Table 3  Anthropometric, 
clinical, and biochemical data, 
and MASLD status of the T1D 
study population stratified 
according to the median HbA1c

Data are means (SD) or frequency (percentage)
Significant p values are reported in bold
BMI body mass index; HbA1c glycated hemoglobin; HDL high density lipoproteins; LDL low density lipo-
proteins; HSI hepatic steatosis index; FLI fatty liver index
† Adjusted by gender

HbA1c < 7.6%
(n = 304)

HbA1c ≥ 7.6%
(n = 350)

p†

Women/men n (%), 131/173 (43/57) 187/163 (53/47) 0.010
Age (years) 37 ± 13 37 ± 13 0.792
BMI (kg/m2) 25 ± 4 26 ± 4 0.001
BMI ≥ 30 n (%) 19 (6) 48 (14) 0.001
Waist circumference (cm) 85 ± 12 87 ± 14 0.003
Duration of diabetes (years) 20 ± 12 20 ± 12 0.795
HbA1c (%) 6.8 ± 0.5 8.5 ± 1.0  < 0.001
HbA1c (mmol/mol) 51 ± 5.6 69 ± 11  < 0.001
Plasma triglycerides (mg/dl) 74 ± 41 88 ± 63 0.001
HDL-cholesterol (mg/dl) 61 ± 15 61 ± 17 0.285
LDL-cholesterol (mg/dl) 99 ± 28 107 ± 31 0.001
Uric acid (mg/dl) 4.1 ± 1.2 4.2 ± 5.3 0.667
HSI 36 ± 5 38 ± 6  < 0.001
  < 30 n (%) 17 (6) 11 (3) 0.032

  > 36 n (%) 136 (44) 200 (57)  < 0.001
FLI 19 ± 19 26 ± 26  < 0.001
  < 30 n (%) 238 (78) 232 (66)  < 0.001
  ≥ 60 n (%) 20 (7) 48 (14)  < 0.001
Gamma glutamyl transpeptidase (U/l) 18 ± 21 19 ± 17 0.236
C-reactive protein (mg/dl) 0.3 ± 0.3 0.4 ± 0.6 0.155
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Beyond the independent role of blood glucose control, in 
our study we confirmed the association between MASLD 
and different features of metabolic syndrome [4]. This rela-
tionship, likely driven by insulin resistance [8], is clinically 
relevant considering that in the last decade the prevalence 
of features of metabolic syndrome has also increased in 
T1D [27]. In line with this, in our population, patients with 
MASLD showed a higher prevalence of dyslipidemia or use 
of lipid lowering drugs [18, 19, 28], and also confirmed the 
association of MASLD with age, duration of diabetes, and 
microvascular complications [18, 19, 28].

While the prevalence of MASLD in T2D is well esti-
mated, ranging from 55 to 70% [7], in T1D it widely ranges 
from 5 to 55% according to different diagnostic tools and 
population characteristics [29]. A comprehensive meta-
analysis found a prevalence of 22% in adults with T1D [30]. 
In our cohort, MASLD prevalence was different according 
to using HSI or FLI. When detected by HSI, it was 51%, 
which is in line with epidemiological data coming from 
Italian cohorts of patients with T1D and MASLD detected 
by ultrasonography [28, 31]; it was, instead, 10%, when 
detected by FLI. This difference could reflect the presence 
of diabetes status as a component of the HSI algorithm, pos-
sibly overestimating the contribution of insulin resistance to 

MASLD. On the other hand, it should be considered that FLI 
may identify more severe degrees of fatty liver [32], and its 
lower sensitivity [21] might have led to an underestimation 
of the MASLD prevalence.

Our study had some limitations. First, the relationship 
between blood glucose control and MASLD in normal-
weight patients, as well as the association with all the other 
factors, cannot be considered causal because of the cross-
sectional study design. Therefore, the possible bidirectional 
relationship where hyperglycemia promotes liver fat accu-
mulation and, conversely, MASLD contributes to worsening 
glycemic control should be considered [33]. Second, poten-
tial confounding factors, such as dietary habits and physical 
activity level, were not examined. Furthermore, although 
being a large sample size cohort, the study population was 
from a tertiary care center, which makes it difficult to rule 
out selection bias. Finally, MASLD was detected by indirect 
indices. In this regard, although liver biopsy represents the 
gold standard for the diagnosis of MASLD, it is not feasible 
in epidemiological studies. Among several indices, based 
on non-invasive measures and easily performed in clinical 
practice, proposed for the diagnosis of MASLD [34, 35], 
HSI and FLI were used in several epidemiological studies 
investigating the presence of MASLD in patients with T1D 

Table 4  Anthropometric, 
clinical, and biochemical data, 
and MASLD status according 
to the median  HbA1c in the 
normal-weight subgroup of 
T1D participants

Data are means (SD) or frequency (percentage)
Significant p values are reported in bold
HbA1c glycated hemoglobin; HDL high density lipoproteins; LDL low density lipoproteins; HSI hepatic 
steatosis index; FLI fatty liver index
† Adjusted by gender

HbA1c < 7.6%
(n = 160)

HbA1c ≥ 7.6%
(n = 157)

p†

Women/men n (%) 79/81 (49/51) 95/62 (61/39) 0.030
Age (years) 35 ± 13 35 ± 12 0.816
Body mass index (kg/m2) 22 ± 2 22 ± 2 0.565
Waist circumference (cm) 78 ± 8 77 ± 9 0.429
Duration of diabetes (years) 17 ± 11 17 ± 11 0.951
HbA1c (%) 6.8 ± 0.5 8.5 ± 1.1  < 0.001
HbA1c (mmol/mol) 51 ± 5.5 69 ± 12  < 0.001
Plasma triglycerides (mg/dl) 67 ± 35 70 ± 29 0.381
HDL-cholesterol (mg/dl) 63 ± 15 62 ± 18 0.836
LDL-cholesterol (mg/dl) 97 ± 28 102 ± 32 0.191
Uric acid (mg/dl) 3.8 ± 1.0 4.2 ± 7.0 0.509
HSI 33 ± 3 34 ± 3 0.010
 < 30 n (%) 17 (12) 11 (6) 0.074

  > 36 n (%) 21 (13) 34 (22) 0.025
FLI 8.7 ± 8.5 9.2 ± 9.0 0.272
  < 30 n (%) 154 (96) 150 (96) 0.826
  ≥ 60 n (%) 1 (0.7) 0 (0) 0.330
Gamma glutamyl transpeptidase (U/l) 18 ± 22 18 ± 13 0.900
C-reactive protein (mg/dl) 0.3 ± 0.3 0.4 ± 0.4 0.788
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[32, 36–39]. With this regard, these indices were also vali-
dated against Magnetic Resonance Imaging in patients with 
T1D, showing a good sensitivity [31]. Of note, HSI has been 
used in a very recent study performed in a large Italian popu-
lation of adult patients with T1D showing similar features 
to our population [39].

These limitations are compensated by several strengths: 
a large sample size, a well-defined population of patients 
with T1D routinely observed in clinical practice, the col-
lection of clinical data according to standard methods, and 
the biochemical measurements performed in a centralized 
laboratory.

Conclusions

In our study, we show that blood glucose control is a main 
factor associated with MASLD in adults with T1D, also 
independently of overweight and obesity. This finding 
strongly indicates that appropriate therapeutic strategies 
focused on tight blood glucose control are needed in T1D 
even for the prevention and treatment of the early stages of 
MASLD.

Acknowledgements We are indebted and thankful to all participants 
of the study and the staff of the Diabetes Unit.

Author contributions GDP: data curation, formal analysis, investiga-
tion, methodology, software, writing—original draft. RL: data curation, 
investigation, methodology. MM: data curation, investigation, meth-
odology. RB: data curation, formal analysis, methodology. SG: data 
curation, formal analysis, methodology, software. RP, CR, and RDA: 
data curation. AAR: data interpretation, supervision, writing—review 
and editing. GA: data interpretation, supervision, writing—review and 
editing. LB: data curation, formal analysis, investigation, design of the 
manuscript, data interpretation, methodology, visualization, software, 
writing—original draft, writing—review and editing. All co-authors 
contributed to critically revising the manuscript for important intel-
lectual content and approved the final manuscript.

Funding Open access funding provided by Università degli Studi di 
Napoli Federico II within the CRUI-CARE Agreement.

 Data availability The data associated with the study are available from 
the corresponding author on reasonable request.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval All procedures performed in the study were in accord-
ance with the ethical standards of the institutional committee and with 
the Declaration of Helsinki and its later amendments. The study pro-
tocol was approved by the Ethics Committee of Federico II University.

Research involving human participants and/or animals The present 
study was approved by the Ethics Committee of Federico II University 
and complies with the guidelines for studies involving human partici-
pation.

Informed consent Informed consent was obtained from all participants 
in this study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ, Kan-
wal F et al (2023) A multi-society Delphi consensus statement on 
new fatty liver disease nomenclature. Ann Hepatol. https:// doi. 
org/ 10. 1016/j. aohep. 2023. 101133

 2. Cotter TG, Rinella M (2020) Nonalcoholic fatty liver disease 
2020: the state of the disease. Gastroenterology 158:1851–1864. 
https:// doi. org/ 10. 1053/j. gastro. 2020. 01. 052

 3. Lazarus JV, Colombo M, Cortez-Pinto H, Huang TTK, Miller V, 
Ninburg M et al (2020) NAFLD—sounding the alarm on a silent 
epidemic. Nat Rev Gastroenterol Hepatol 17:377–379. https:// doi. 
org/ 10. 1038/ s41575- 020- 0315-7

 4. Targher G, Corey KE, Byrne CD, Roden M (2021) The complex 
link between NAFLD and type 2 diabetes mellitus—mechanisms 
and treatments. Nat Rev Gastroenterol Hepatol 18:599–612. 
https:// doi. org/ 10. 1038/ s41575- 021- 00448-y

 5. Della Pepa G, Russo M, Vitale M, Carli F, Vetrani C, Masulli M 
et al (2021) Pioglitazone even at low dosage improves NAFLD in 
type 2 diabetes: clinical and pathophysiological insights from a 
subgroup of the TOSCA.IT randomised trial. Diabetes Res Clin 
Pract. https:// doi. org/ 10. 1016/j. diabr es. 2021. 108984

 6. Targher G, Byrne CD, Tilg H (2020) NAFLD and increased risk 
of cardiovascular disease: clinical associations, pathophysiologi-
cal mechanisms and pharmacological implications. Gut 69:1691–
1705. https:// doi. org/ 10. 1136/ gutjnl- 2020- 320622

 7. Stefan N, Cusi K (2022) A global view of the interplay between 
non-alcoholic fatty liver disease and diabetes. Lancet Diabetes 
Endocrinol 10:284–296. https:// doi. org/ 10. 1016/ S2213- 8587(22) 
00003-1

 8. Cusi K (2020) Time to include nonalcoholic steatohepatitis in 
the management of patients with type 2 diabetes. Diabetes Care 
43:275–279. https:// doi. org/ 10. 2337/ dci19- 0064

 9. Alderisio A, Bozzetto L, Franco L, Riccardi G, Rivellese AA, 
Annuzzi G (2019) Long-term body weight trajectories and meta-
bolic control in type 1 diabetes patients on insulin pump or multi-
ple daily injections: a 10-year retrospective controlled study. Nutr 
Metab Cardiovasc Dis 29:1110–1117. https:// doi. org/ 10. 1016/j. 
numecd. 2019. 06. 008

 10. Muzurović E, Rizzo M, Mikhailidis DP (2022) Obesity and non-
alcoholic fatty liver disease in type 1 diabetes mellitus patients. 
J Diabetes Complicat. https:// doi. org/ 10. 1016/j. jdiac omp. 2022. 
108359

 11. Rojano-Toimil A, Rivera-Esteban J, Manzano-Nuñez R, Bañares 
J, Selva DM, Gabriel-Medina P et al (2022) When sugar reaches 
the liver: phenotypes of patients with diabetes and NAFLD. J Clin 
Med. https:// doi. org/ 10. 3390/ jcm11 123286

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.aohep.2023.101133
https://doi.org/10.1016/j.aohep.2023.101133
https://doi.org/10.1053/j.gastro.2020.01.052
https://doi.org/10.1038/s41575-020-0315-7
https://doi.org/10.1038/s41575-020-0315-7
https://doi.org/10.1038/s41575-021-00448-y
https://doi.org/10.1016/j.diabres.2021.108984
https://doi.org/10.1136/gutjnl-2020-320622
https://doi.org/10.1016/S2213-8587(22)00003-1
https://doi.org/10.1016/S2213-8587(22)00003-1
https://doi.org/10.2337/dci19-0064
https://doi.org/10.1016/j.numecd.2019.06.008
https://doi.org/10.1016/j.numecd.2019.06.008
https://doi.org/10.1016/j.jdiacomp.2022.108359
https://doi.org/10.1016/j.jdiacomp.2022.108359
https://doi.org/10.3390/jcm11123286


2378 Journal of Endocrinological Investigation (2024) 47:2371–2378

 12. Mertens J, Van Gaal LF, Francque SM, De Block C (2021) 
NAFLD in type 1 diabetes: overrated or underappreciated? Ther 
Adv Endocrinol Metab. https:// doi. org/ 10. 1177/ 20420 18821 
10555 57

 13. Stadler M, Bollow E, Fritsch M, Kerner W, Schuetz-Fuhrmann 
I, Krakow D et al (2017) Prevalence of elevated liver enzymes in 
adults with type 1 diabetes: a multicentre analysis of the German/
Austrian DPV database. Diabetes, Obes Metab 19:1171–1178. 
https:// doi. org/ 10. 1111/ dom. 12929

 14. Serdarova M, Dimova R, Chakarova N, Grozeva G, Todorova A, 
Tsarkova P et al (2022) Metabolic determinants of NAFLD in 
adults with type 1 diabetes. Diabetes Res Clin Pract. https:// doi. 
org/ 10. 1016/j. diabr es. 2022. 109819

 15. Atwa H, Gad K, Hagrasy H, Elkelany A, Azzam M, Bayoumi 
N et al (2018) Is subclinical atherosclerosis associated with 
visceral fat and fatty liver in adolescents with type 1 diabetes? 
Arch Med Sci 14:1355–1360. https:// doi. org/ 10. 5114/ aoms. 
2018. 74226

 16. Al-Hussaini AA, Sulaiman NM, AlZahrani MD, Alenizi AS, Khan 
M (2012) Prevalence of hepatopathy in type 1 diabetic children. 
BMC Pediatr. https:// doi. org/ 10. 1186/ 1471- 2431- 12- 160

 17. Holt RIG, DeVries JH, Hess-Fischl A, Hirsch IB, Kirkman MS, 
Klupa T et al (2021) The management of type 1 diabetes in adults. 
a consensus report by the American Diabetes Association (ADA) 
and the European Association for the Study of Diabetes (EASD). 
Diabetes Care 44:2789–25. https:// doi. org/ 10. 2337/ dci21- 0043

 18. Mantovani A, Mingolla L, Rigolon R, Pichiri I, Cavalieri V, 
Zoppini G et al (2016) Nonalcoholic fatty liver disease is inde-
pendently associated with an increased incidence of cardiovas-
cular disease in adult patients with type 1 diabetes. Int J Cardiol 
225:387–391. https:// doi. org/ 10. 1016/j. ijcard. 2016. 10. 040

 19. Targher G, Mantovani A, Pichiri I, Mingolla L, Cavalieri V, 
Mantovani W et al (2014) Nonalcoholic fatty liver disease is 
independently associated with an increased incidence of chronic 
kidney disease in patients with type 1 diabetes. Diabetes Care 
37:1729–1736. https:// doi. org/ 10. 2337/ dc13- 2704

 20. Lee JH, Kim D, Kim HJ, Lee CH, Yang JI, Kim W et al (2010) 
Hepatic steatosis index: a simple screening tool reflecting nonal-
coholic fatty liver disease. Dig Liver Dis 42:503–508. https:// doi. 
org/ 10. 1016/j. dld. 2009. 08. 002

 21. Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, 
Castiglione A et al (2006) The fatty liver index: a simple and 
accurate predictor of hepatic steatosis in the general population. 
BMC Gastroenterol. https:// doi. org/ 10. 1186/ 1471- 230X-6- 33

 22. Williams KV, Erbey JR, Becker D, Arslanian S, Orchard TJ (2000) 
Can clinical factors estimate insulin resistance in type 1 diabetes? 
Diabetes 49:626–632. https:// doi. org/ 10. 2337/ diabe tes. 49.4. 626

 23. Della Pepa G, Lupoli R, Masulli M, Boccia R, De Angelis R, 
Gianfrancesco S et al (2023) Insulin pump therapy in type 1 dia-
betes is associated with lower indices of non-alcoholic fatty liver 
in non-obese women but not men. Diabetes Res Clin Pract. https:// 
doi. org/ 10. 1016/j. diabr es. 2023. 110816

 24. Aydln F, Gerenli N, Dursun F, Atasoy TÖ, Kalln S, Klrmlzlbek-
mez H (2019) Hepatopathies in children and adolescents with type 
1 diabetes. J Pediatr Endocrinol Metab 32:121–126. https:// doi. 
org/ 10. 1515/ jpem- 2018- 0255

 25. Tas E, Bai S, Mak D, Diaz EC, Dranoff JA (2022) Obesity, but 
not glycemic control, predicts liver steatosis in children with type 
1 diabetes. J Diabetes Complicat. https:// doi. org/ 10. 1016/j. jdiac 
omp. 2022. 108341

 26. Mertens J, De Block C, Spinhoven M, Driessen A, Francque SM, 
Kwanten WJ (2021) Hepatopathy associated with type 1 diabetes: 
distinguishing non-alcoholic fatty liver disease from glycogenic 
hepatopathy. Front Pharmacol. https:// doi. org/ 10. 3389/ fphar. 2021. 
768576

 27. der Schueren B, Van Ellis D, Faradji RN, Al-Ozairi E, Rosen J, 
Mathieu C (2021) Obesity in people living with type 1 diabe-
tes. Lancet Diabetes Endocrinol. https:// doi. org/ 10. 1016/ S2213- 
8587(21) 00246-1

 28. Mantovani A, Rigolon R, Mingolla L, Pichiri I, Cavalieri V, Sal-
votelli L et al (2017) Nonalcoholic fatty liver disease is associated 
with an increased prevalence of distal symmetric polyneuropa-
thy in adult patients with type 1 diabetes. J Diabetes Complicat 
31:1021–1026. https:// doi. org/ 10. 1016/j. jdiac omp. 2017. 01. 024

 29. Li TT, Wang AP, Lu JX, Chen MY, Zhao CC, Tang ZH et al 
(2018) Prevalence and clinical characteristics of non-alcoholic 
fatty liver disease in newly diagnosed patients with ketosis-onset 
diabetes. Diabetes Metab 44:437–443. https:// doi. org/ 10. 1016/j. 
diabet. 2018. 03. 002

 30. De Vries M, Westerink J, Kaasjager KHAH, De Valk HW (2020) 
Prevalence of nonalcoholic fatty liver disease (NAFLD) in 
patients with type 1 diabetes mellitus: a systematic review and 
meta-analysis. J Clin Endocrinol Metab. https:// doi. org/ 10. 1210/ 
clinem/ dgaa5 75

 31. Targher G, Bertolini L, Padovani R, Rodella S, Zoppini G, Pichiri 
I et al (2010) Prevalence of non-alcoholic fatty liver disease and 
its association with cardiovascular disease in patients with type 
1 diabetes. J Hepatol 53:713–718. https:// doi. org/ 10. 1016/j. jhep. 
2010. 04. 030

 32. Sviklāne L, Olmane E, Dzērve Z, Kupčs K, Pīrāgs V, Sokolovska 
J (2018) Fatty liver index and hepatic steatosis index for prediction 
of non-alcoholic fatty liver disease in type 1 diabetes. J Gastroen-
terol Hepatol 33:270–276. https:// doi. org/ 10. 1111/ jgh. 13814

 33. Targher G, Lonardo A, Byrne CD (2018) Nonalcoholic fatty liver 
disease and chronic vascular complications of diabetes mellitus. 
Nat Rev Endocrinol 14:99–114. https:// doi. org/ 10. 1038/ nrendo. 
2017. 173

 34. Marchesini G, Day CP, Dufour JF, Canbay A, Nobili V, Ratziu V 
et al (2016) EASL-EASD-EASO clinical practice guidelines for 
the management of non-alcoholic fatty liver disease. J Hepatol 
64:1388–1402. https:// doi. org/ 10. 1016/j. jhep. 2015. 11. 004

 35. Castera L, Friedrich-Rust M, Loomba R (2019) noninvasive 
assessment of liver disease in patients with nonalcoholic fatty 
liver disease. Gastroenterology 156:1264-1281.e4. https:// doi. org/ 
10. 1053/j. gastro. 2018. 12. 036

 36. Popa SG, Simion AM, Soare M, Arcomita D (2023) Insulin resist-
ance and hepatic steatosis in type 1 diabetes mellitus and their 
association with diabetic chronic complications. Min Endocrinol 
48:27–34

 37. Singh A, Le P, Lopez R, Alkhouri N (2018) The utility of noninva-
sive scores in assessing the prevalence of nonalcoholic fatty liver 
disease and advanced fibrosis in type 1 diabetic patients. Hepatol 
Int 12:37–43. https:// doi. org/ 10. 1007/ s12072- 017- 9840-z

 38. Tripolino C, Irace C, Cutruzzolà A, Parise M, Barone M, Scic-
chitano C et al (2019) Hepatic steatosis index is associated with 
type 1 diabetes complications. Diabetes, Metab Syndr Obes 
12:2405–2410. https:// doi. org/ 10. 2147/ DMSO. S2219 69

 39. Csermely A, Mantovani A, Morieri ML, Palmisano L, Masulli 
M, Cossu E et al (2023) Association between different modalities 
of insulin administration and metabolic dysfunction-associated 
fatty liver disease in adults with type 1 diabetes mellitus. Diabetes 
Metab. https:// doi. org/ 10. 1016/j. diabet. 2023. 101477

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1177/20420188211055557
https://doi.org/10.1177/20420188211055557
https://doi.org/10.1111/dom.12929
https://doi.org/10.1016/j.diabres.2022.109819
https://doi.org/10.1016/j.diabres.2022.109819
https://doi.org/10.5114/aoms.2018.74226
https://doi.org/10.5114/aoms.2018.74226
https://doi.org/10.1186/1471-2431-12-160
https://doi.org/10.2337/dci21-0043
https://doi.org/10.1016/j.ijcard.2016.10.040
https://doi.org/10.2337/dc13-2704
https://doi.org/10.1016/j.dld.2009.08.002
https://doi.org/10.1016/j.dld.2009.08.002
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.2337/diabetes.49.4.626
https://doi.org/10.1016/j.diabres.2023.110816
https://doi.org/10.1016/j.diabres.2023.110816
https://doi.org/10.1515/jpem-2018-0255
https://doi.org/10.1515/jpem-2018-0255
https://doi.org/10.1016/j.jdiacomp.2022.108341
https://doi.org/10.1016/j.jdiacomp.2022.108341
https://doi.org/10.3389/fphar.2021.768576
https://doi.org/10.3389/fphar.2021.768576
https://doi.org/10.1016/S2213-8587(21)00246-1
https://doi.org/10.1016/S2213-8587(21)00246-1
https://doi.org/10.1016/j.jdiacomp.2017.01.024
https://doi.org/10.1016/j.diabet.2018.03.002
https://doi.org/10.1016/j.diabet.2018.03.002
https://doi.org/10.1210/clinem/dgaa575
https://doi.org/10.1210/clinem/dgaa575
https://doi.org/10.1016/j.jhep.2010.04.030
https://doi.org/10.1016/j.jhep.2010.04.030
https://doi.org/10.1111/jgh.13814
https://doi.org/10.1038/nrendo.2017.173
https://doi.org/10.1038/nrendo.2017.173
https://doi.org/10.1016/j.jhep.2015.11.004
https://doi.org/10.1053/j.gastro.2018.12.036
https://doi.org/10.1053/j.gastro.2018.12.036
https://doi.org/10.1007/s12072-017-9840-z
https://doi.org/10.2147/DMSO.S221969
https://doi.org/10.1016/j.diabet.2023.101477

	Blood glucose control and metabolic dysfunction-associated steatotic liver disease in people with type 1 diabetes
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and population
	Measurements
	Statistical analysis

	Results
	Characteristics of the participants according to MASLD status
	Characteristics of the participants and MASLD status according to blood glucose control
	MASLD according to blood glucose control in the normal-weight participants

	Discussion
	Conclusions
	Acknowledgements 
	References




