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Abstract
Objective  This study aimed to investigate the correlation between metabolic dysfunction-associated steatotic liver 
disease (MASLD) and atherosclerotic cardiovascular disease (ASCVD) in individuals with type 1 diabetes (T1D).

Methods  Adults with T1D (n = 659) were consecutively screened for liver steatosis via abdominal ultrasound. The 
presence of macrovascular disease (including coronary artery disease [CAD], peripheral artery disease [PAD], or 
ischaemic stroke [CVA, cerebrovascular accident]) was identified via electronic medical records. The 5- and 10-year 
risks of fatal/nonfatal ASCVD were assessed via the Steno Type 1 Risk Engine. Insulin resistance was assessed via the 
estimated glucose disposal rate (eGDR).

Results  The MASLD prevalence was 16.8%. The prevalence of composite ASCVD (18.9 vs. 6.8%, p < 0.001), CAD (9.9 
vs. 4.7%, p = 0.031), PAD (9.0 vs. 2.2%, p < 0.001) and CVA (6.3 vs. 1.1%, p = 0.002) was greater in people with MASLD. 
The 5-year (7.8 [2.1–14.4] vs. 4.8 [1.6–12.0]%, p = 0.034) and 10-year (15.0 [4.1–26.8] vs. 9.4 [3.1–22.5]%, p = 0.035) risks 
of ASCVD were greater in those with MASLD. MASLD was associated with prevalent ASCVD (adjusted OR 4.26, 95% CI 
1.79–10.11, p < 0.001), independent of age, sex, diabetes duration, smoking, statin use, LDL-cholesterol, the glomerular 
filtration rate, albuminuria, and metabolic syndrome.

Conclusion  MASLD is associated with both an increased prevalence of ASCVD and an increased calculated risk of 
fatal/nonfatal ASCVD in people with T1D.
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Research insights
What is currently known about this topic?

Type 1 diabetes is associated with an increased risk of 
atherosclerotic cardiovascular disease (ASCVD), 
despite attaining optimal glycaemic control. 
Metabolic comorbidities might contribute to this 
ASCVD risk.

What is the key research question?

Is metabolic dysfunction-associated steatotic liver 
disease (MASLD) an ASCVD risk factor in people 
with type 1 diabetes?

What is new?

This study is the first to both link prevalence of 
atherosclerotic ASCVD with MASLD, and to link 
risk of fatal/non-fatal ASCVD with MASLD.

How might this study influence clinical practice?

MASLD guidelines have recommended to screen for 
MASLD in certain populations, but have explicitly 
mentioned lack of evidence in people with type 1 
diabetes. This study provides insights that can lead 
to improved management strategies for people with 
type 1 diabetes.

Background
The phenotype of “double diabetes” consisting of autoim-
mune-mediated insulin deficiency combined with insulin 
resistance (IR)/metabolic syndrome (MetS) is increasingly 
prevalent, likely due to the increasing rate of overweight 
in people with type 1 diabetes (T1D) [1, 2]. IR is closely 
linked to metabolic dysfunction-associated steatotic liver 
disease (MASLD), which is a subtype of steatotic liver dis-
ease (SLD), formerly referred to as non-alcoholic fatty liver 
disease (NAFLD) [3]. SLD is an overarching term of condi-
tions hallmarked by liver steatosis, encompassing not only 
MASLD, but also metALD (MASLD with moderate alco-
hol consumption), alcohol-related liver disease (ALD), and 
other causes of steatosis not inflicted by metabolism- or 
alcohol-related aetiologies [4]. In the general population, 
MASLD is considered an independent risk factor for ath-
erosclerotic cardiovascular disease (ASCVD) [3–7].

People with T1D have a lower but still notable NAFLD 
prevalence (12–20%) compared to prevalence rates 
observed in the general population (38%) [8–11]. A 
recently updated meta-analysis demonstrated a MASLD 
prevalence of 22% in people with T1D, based on the rein-
terpretation of NAFLD data as MASLD [12]. NAFLD 
has been linked to ASCVD in people with T1D, although 

the findings are limited by methodological inconsisten-
cies such as selection bias, publication bias and the use 
of unvalidated non-invasive tests [13–16]. As ASCVD is 
the leading cause of death in individuals with T1D, iden-
tifying at-risk individuals is crucial since cardiovascular 
mortality persists despite optimal glycaemic control [17–
19]. The aims of this study are to provide MASLD preva-
lence data and to investigate the correlation between 
MASLD and both prevalent and future ASCVD risk in 
people with T1D.

Methods
Study design & population
This cross-sectional study analysed ASCVD prevalence 
and the calculated future cardiovascular risk in a T1D 
cohort with/without MASLD. Prospective consecu-
tive screening for liver steatosis was conducted between 
2018 and 2023 at Antwerp University Hospital, Belgium 
(NCT04664036). All outpatient adults (≥ 18  years old) 
with T1D (American Diabetes Association definition) 
attending the diabetes clinic of our tertiary care centre 
were invited to participate, using folders, by telephone 
and by active recruitment during clinical visits [20]. The 
only exclusion criteria were pregnancy and substan-
tial residual beta-cell function (C-peptide > 0.2  nmol/L). 
A target sample of minimally 50% of the 987 outpa-
tients was set to reduce selection bias and to obtain an 
adequate representative sample of the outpatient popu-
lation. The study protocol was in accordance with the 
modified Declaration of Helsinki and approved by the 
local Ethics Committee (18/32/361). All participants pro-
vided informed consent. The manuscript adheres to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology guidelines [21].

Data collection
Demographics, diabetes duration, medication use, 
including total insulin dose (TDI), exercise habits using 
the International Physical Activity Questionnaire short 
form, alcohol consumption, smoking status, and comor-
bidities were ascertained through electronic medical 
records, [22]. Total daily insulin (TDI) was available in 
557 of 659 subjects. Missing data were due to absence 
of insulin pump readings in the medical files or the use 
of insulin-to-carbohydrate ratios without clarification 
of total prandial doses. Clinical assessments included 
anthropometry, including BMI and waist circumference 
(WC), systolic (SBP) and diastolic (DBP) blood pres-
sure, via an automated sphygmomanometer (lowest value 
from a minimum of three measurements), laboratory 
tests for HbA1c (using high-performance liquid chro-
matography), creatinine levels and estimated glomerular 
filtration rate (eGFR, using the Chronic Kidney Disease 
Epidemiology Collaboration [CKD-EPI] formula), total 
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cholesterol, high-density and low-density lipoprotein 
(HDL, LDL), triglycerides (TG), alanine and aspartate 
aminotransferase (ALT, AST), gamma-glutamyl transfer-
ase (GGT), and platelet count, and a screening panel for 
secondary liver disease, including viral hepatitis (hepati-
tis B surface antigen, hepatitis B core antigen antibodies, 
hepatitis C antibodies, alpha-1 antitrypsin assay, copper, 
ceruloplasmin and IgG. Twenty-four-hour urine collec-
tions were performed to determine the albumin excre-
tion rate. Data on 24 h urine collections were present in 
594 of 659 cases (10% missing) due to technical errors 
or failure to submit urine collections. IR was quantified 
via the eGDR (estimated glucose disposal rate, mg/kg/
min) = 21.158 + (−  0.09 * WC (cm)) + (−  3.407 * hyper-
tension) + ( − 0.551 * HbA1c (%)) [23]. The hypertension 
criterion for the eGDR was SBP/DPB > 140/90 mmHg or 
the use of antihypertensive treatment. The presence of 
MetS was based on the modified 2005 revised National 
Cholesterol Education Program Adult Treatment Panel 
III criteria (since all individuals already met the criterion 
of hyperglycaemia), and thus required the presence of 
two of the following four criteria: elevated WC (≥ 102 cm 
in men and ≥ 88  cm in women), hypertriglyceridaemia 
(≥ 1.7 mmol/l or ≥ 150 mg/dl), low HDL cholesterol level 
(< 1.03  mmol/l or < 40  mg/dl in men and < 1.3  mmol/l 
or < 50  mg/dl in women), high blood pressure (systolic 
blood pressure ≥ 130 mmHg and/or diastolic blood pres-
sure ≥ 85 mmHg and/or pharmacological treatment) [24].

Liver steatosis and fibrosis evaluation, definition of MASLD
Liver steatosis was assessed via ultrasound and vibra-
tion-controlled transient elastography (VCTE) via the 
FibroScan© 502 device (Echosens, Paris, France), which 
was supervised by a single experienced and Echosens-cer-
tified physician (JM). The full details of the used ultrasono-
graphic and VCTE quality criteria are described elsewhere 
[9]. VCTE data were present in 605 of 659 cases. Missing 
data were due to technical issues such as failure to obtain 
measurements or measurements not reaching quality 
restrictions. The controlled attenuation parameter as a 
steatosis marker (CAP™) and liver stiffness measurement 
(LSM) as a non-invasive marker of fibrosis were obtained 
from VCTE. We used an LSM < 8.0 kPa to rule out signifi-
cant fibrosis (≥ F2 fibrosis) [25]. The FIB-4 score was cal-
culated to estimate the risk of liver fibrosis [26]. MASLD 
is defined as the presence of liver steatosis with at least one 
metabolic risk factor: (1) BMI ≥ 25 kg/m2 or WC > 94/80 cm 
for males/females, (2) SBP/DBP ≥ 130/85 mmHg or antihy-
pertensive treatment, (3) hypertriglyceridaemia ≥ 150 mg/
dL/1.70  mmol/L or triglyceride-lowering treatment, 
and (4) HDL ≤ 40/50  mg/dL (1.0/1.3  mmol/L) for males/
females, in the absence of excessive alcohol consump-
tion, as proposed by the recently published guidelines [3, 
4]. The fifth cardiometabolic risk factor, hyperglycaemia, 

was discarded as a criterion in this study since we studied 
people with T1D. The absence of excessive alcohol intake 
(< 20 g/day in women, < 30 g/day in men) and the absence 
of secondary liver disease (viral hepatitis, Wilson’s disease, 
alpha-1 antitrypsin deficiency, drug-induced disease) were 
needed to differentiate MASLD from the other conditions 
that are encompassed by SLD; i.e., we studied MASLD as a 
single aetiology of steatosis.

Cardiovascular and renal assessment
Microvascular (nephropathy, retinopathy) and macrovas-
cular complications were evaluated. Chronic kidney dis-
ease (CKD) was defined as an eGFR < 60 mL/min/1.73 m2 
and/or albuminuria (albumin excretion rate > 30 mg/24 h) 
[27]. Retinopathy was evaluated via fundoscopy and 
scored positive if the abnormalities observed were more 
than simple background alterations (mild non-prolifer-
ative changes and absence of macular disease) or when 
laser intervention was needed [28]. Fundoscopy data 
were present in 636 of 659 cases. Missing data were due 
to failure to attend the ophthalmologist or unavailability 
of written reports. Prevalent ASCVD was defined as the 
presence of a history of coronary artery disease (CAD), 
ischaemic stroke (cerebrovascular accident (CVA)) or 
peripheral arterial disease (PAD). CAD was defined as 
myocardial infarction, coronary artery catheterization 
revealing significant (> 70%) stenosis requiring coronary 
revascularization, or documented ischaemic heart dis-
ease. CVA was defined as ischaemic stroke, carotid end-
arterectomy or transient ischaemic attack. Peripheral 
arterial disease (PAD) was defined as one or more sig-
nificant (> 70%) peripheral arterial stenotic lesions and/
or occlusions at one or more sites (i.e., femoral, popliteal 
and tibial arteries), diagnosed by duplex ultrasonography 
or angiography requiring revascularization, or diabetic 
foot ulcers requiring amputation.

The 5- and 10-year risks of fatal/nonfatal ASCVD com-
prising CAD, PAD, CVA and heart failure were calcu-
lated via the Steno Type 1 Risk Engine [29] on the basis of 
clinical data from the electronic health records of 4,306 
individuals with T1D treated at Steno Diabetes Centre 
Copenhagen in combination with data from the Danish 
National Patient Register and Cause of Death Register. 
The engine was then validated in 2,118 individuals with 
T1D from Denmark. The calculator is based on age, sex, 
diabetes duration, SBP, LDL, HbA1c, albuminuria, eGFR, 
smoking status, and exercise. People with a history of 
ASCVD were excluded from the ASCVD risk analysis 
since the Steno Type 1 Risk Engine is applicable only to 
people without prior ASCVD.

Statistical analysis
Continuous variables are summarized as the 
means ± standard deviations or medians [interquartile 
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ranges]. Comparisons between groups were performed 
using Student’s t tests, Mann‒Whitney U tests, or chi‒
square/Fisher’s exact tests as appropriate. We used one-
way analysis of variance (ANOVA) to compare means 
across multiple groups. Post-hoc least significant differ-
ence (LSD) tests were used to adjust for multiple compar-
isons. The independence of associations of MASLD and 
other variables with the dependent variable (ASCVD) 
was assessed by univariable and multivariable logistic 
regression and expressed as odds ratios (OR) and 95% 
confidence intervals (CI). As mentioned above, in these 
analyses, ASCVD was considered a composite endpoint 
of any significant event of CAD, CVA or PAD. We per-
formed unadjusted univariable logistic regression mod-
els, and forced-entry adjusted logistic regression models. 
Covariates included in these adjusted multivariable 
regression models were selected as potential confound-
ing factors based on their significance in univariable 
regression analyses or based on their clinical plausi-
bility (Suppl. Table 2). Model 1 included age and sex. 
Model 2 included age, sex and diabetes duration. Model 
3 included age, sex, diabetes duration, smoking status, 
LDL, the use of lipid-lowering medication, and HbA1c. 
Model 4a was composed of model 3 plus Mets as a cat-
egorical variable, model 4b was composed of model 3 
plus eGDR, but minus HbA1c (collinearity with eGDR). 
Model 5 was composed of model 3 plus WC, SBP, HDL, 
TG and lipid-lowering medication. Model 6 was com-
posed of model 3 plus eGFR and albuminuria as a cate-
gorical variable. To evaluate the effect of smoking on the 
prevalence of ASCVD, ex-smokers and active smokers 
were combined and dichotomously compared to people 
who never smoked. To compare the predictive models 
built with MASLD on one hand, and with MetS on the 
other hand, the Akaike information criterion (AIC) was 
calculated and compared as a means for model selection. 
A difference in AIC > 2 (ΔAIC) is indicative of a statisti-
cal superiority in predictive accuracy [30]. A two-sided 
p value < 0.05 was considered significant in all analy-
ses. To accommodate for significant (> 2% of variable) 
missing data (TDI, VCTE, albuminuria and fundoscopy 
results), we used Little’s MCAR (missing completely at 
random) test [31]. Albuminuria and fundoscopy missing 
data were, according to Little’s test missing completely 
at random, but TDI and VCTE data were not. Further 
analysis of missing data by using regression analysis and 
dichotomizing missingness of TDI/VCTE data, showed 
that missing data on TDI were inversely associated 
only with age, and missing data on VCTE were associ-
ated with BMI. No absence of data was associated with 
MASLD nor with ASCVD. Since this study is an explor-
atory descriptive study, we opted to use pairwise deletion 
in all correlation analyses [31]. All the statistical analyses 
were performed with the Statistical Package for Social 

Sciences (SPSS) 28.0 (IBM Corp., Armonk, N.Y., USA). 
Images were generated via GraphPad Prism software 
(GraphPad software, Boston, MA, USA).

Results
Study group characteristics
A total of 659 individuals with T1D (67% of outpatients) 
were screened and included (Fig. 1). The median age was 
47 [31–60] years, and the mean diabetes duration was 
26 ± 14  years. The median HbA1c was 7.4 [6.8–8.0]% 
or 57 [51–64] mmol/mol, the median eGDR was 6.02 
[4.71–8.33] mg/kg/min, and the median TDI was 0.57 
[0.45–0.76] IU/kg/24 h. BMI showed a left-skewed distri-
bution due to outliers, with a median of 25.3 [22.7–28.6] 
kg/m2, while obesity was present in 18.1% of individuals, 
and overweight was present in 35.7%. ASCVD was present 
in 8.8% (n = 58) of subjects. The details are listed in Table 1.

Steatosis (ultrasound) was detected in 17.9% (n = 118) 
of the patients, with 16.8% meeting the MASLD crite-
ria (94.1% of all steatosis patients). The mixed aetiolo-
gies included metALD (0.8%) and MASLD combined 
with other liver diseases (0.6%). MASLD-NAFLD over-
lap was 100% in our cohort (Fig. 1). The mean CAP™ was 
228 ± 56 dB/m, and the median LSM was 4.80 [4.00–5.90] 
kPa. An elevated LSM indicative of potentially signifi-
cant (> F2) fibrosis was observed in 3.8% (n = 23) of the 
patients.

MASLD characteristics
MASLD subjects had a higher BMI, higher obesity preva-
lence, and more MetS components, including truncal 
adiposity, hypertension, and dyslipidaemia (Table  1). 
These subjects had lower eGDR, indicating lower insulin 
sensitivity, higher ALT and GGT levels and higher LSM 
values. ASCVD prevalence was significantly greater in 
people with MASLD (18.9 vs. 6.8%, p < 0.001), CAD (9.9 
vs. 4.7%, p = 0.031), PAD (9.0 vs. 2.2%, p < 0.001) and CVA 
(6.3 vs. 1.1%, p = 0.002) (Fig. 2).

MASLD and MetS
Within the complete cohort, 11.7% (n = 77) of subjects 
featured both MASLD and MetS (M+MetS+), 18.1% 
(n = 119) met the criteria for MetS without featuring 
MASLD (M-MetS +), 5.2% (n = 34) met the criteria for 
MASLD without meeting the criteria for MetS (M + MetS-
), and 65.1% (n = 429) featured neither MASLD nor MetS 
(M-MetS-). ASCVD prevalence was highest (23.4%) in the 
M+MetS+ group, reached 16.0% in the M-MetS + group, 
8.8% in the M + MetS- group and 4.2% in the M-MetS- 
group. No significant difference in ASCVD was found in 
the subjects with MetS on the basis of the presence vs. the 
absence of MASLD (23.4% vs. 16.0%, p = 0.195).
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Stratification by ASCVD presence
Patients with ASCVD were older, had a longer diabetes 
duration, higher BMI, worse renal function, and higher 
SBP (p < 0.001). They had more MASLD (36.2 vs. 15.0%, 
p < 0.001) and MetS (63.8 vs. 26.5%, p < 0.001) and a lower 
eGDR (4.74 vs. 6.16  mg/kg/min, p < 0.001). LSM val-
ues and significant fibrosis rates did not differ, although 
FIB-4 was higher (p < 0.001) (Suppl. Table 1).

Correlation analysis
Univariable logistic regression revealed that MASLD 
was strongly associated with ASCVD (OR 3.22, 95% 
CI 1.80–5.76; p < 0.001). eGDR (OR 0.64, 95% CI 0.55–
0.75, p < 0.001) and MetS (OR 4.90, 95% CI 2.78–8.62, 
p < 0.001) were also associated with ASCVD but not 
LSM (as a continuous variable or dichotomized with a 
cut-off of 8.0  kPa). In multivariable logistic regression, 
we found that MASLD, age, eGFR, LDL and total choles-
terol, statin use, and microalbuminuria were associated 
with established ASCVD, whereas MetS and eGDR were 
not. After multiple adjustments, odds for ASCVD were 
fourfold in those with MASLD (adjusted OR 4.27, 95% CI 
1.80–10.14, p = 0.001). Among the multivariable models, 
MASLD (AIC = 89) outperformed MetS (AIC = 103) for 
ASCVD prediction (ΔAIC = 14), emphasizing MASLD’s 
predictive superiority (Suppl. Table 2).

Steno type 1 risk engine: predicted risk of ASCVD
Excluding patients with established ASCVD, the five- and 
10-year risks of future ASCVD in our cohort (n = 598) 
were 5.2 [1.6–12.5]% and 10.2 [3.3–23.4]%, respectively. 
ASCVD risks ≥ 5% were observed in 50.4% (5 years) and 
63.6% (10  years), whereas risks ≥ 10% were observed in 
30.8% (5 years) and 50.1% (10 years) of adults with T1D. 
People with MASLD had greater predicted risk (5-year: 
7.8% vs. 4.8%, p = 0.034; 10-year: 15.0% vs. 9.4%, p = 0.035) 
(Table 1).

Subgroup analysis revealed greater risks in 
M+MetS+ individuals than in M + MetS- individuals 
(5-year: 10.8 vs. 6.0%, p = 0.020; 10-year: 19.7 vs. 11.4%, 
p = 0.008), but the predicted risk in the M-MetS + group 
was even greater (5-year: 15.2 ± 14.3%, p = 0.003; 10-year: 
26.1 ± 20.5%, p = 0.008) (Fig. 3).

Analysis of the individuals components of the Steno 
Type 1 Risk Engine showed that the greater risk in the 
M-MetS + group compared to the M + MetS- group 
can be attributed to older age (53 ± 15 vs. 39 ± 14  years, 
p < 0.001), longer diabetes duration (32 ± 14 vs. 
20 ± 12  years, p < 0.001), lower eGFR (93 ± 14 vs. 
109 ± 15  ml/min/1.73m2, p < 0.001), and higher SBP 
(144 ± 20 vs. 131 ± 16 mm Hg, p = 0.001), while no differ-
ence was observed in sex, HbA1c, LDL, active smoking, 
nor albuminuria. The greater risk in the M-MetS + group 

Fig. 1  Study flowchart and distribution of steatotic liver disease subtypes across the cohort. T1D: type 1 diabetes, VCTE: vibration-controlled transient 
elastography, MASLD: metabolic dysfunction-associated steatotic liver disease, NAFLD: non-alcoholic fatty liver disease, metALD: MASLD with moderate 
alcohol consumption
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Overall cohort MASLD No MASLD p value
n (%) 659 111 (16.8) 548 (83.2)
Age, years 47 [31–60] 50 [34–61] 47 [30–59] 0.298
Male sex, n (%) 364 (55.2) 67 (60.4) 297 (54.2) 0.234
Active smoking, n (%) 68 (10.3) 18 (16.2) 50 (9.1) 0.025
Diabetes duration, years 26 ± 14 26 ± 15 26 ± 14 0.851
TDI, U/kg/24 h§ 0.56 [0.45–0.76] 0.69 [0.50–0.91] 0.55 [0.44–0.72]  < 0.001
Biguanide use, n (%) 52 (7.9) 18 (16.2) 34 (6.2)  < 0.001
GLP-1 RA use, n (%) 18 (2.7) 6 (5.4) 12 (2.2) 0.100
BMI, kg/m2 25.3 [22.7–28.6] 30.4 [27.9–32.9] 24.6 [22.3–27.1]  < 0.001
Obesity, n (%) 119 (18.1) 62 (55.9) 57 (10.4)  < 0.001
WC, cm
Males
Females

94.8 ± 13.3
86.4 ± 14.1

107.4 ± 12.3
104.1 ± 14.3

92.0 ± 12.3
83.3 ± 11.6

 < 0.001
 < 0.001

BP, mm Hg
Systolic
Diastolic

134 ± 17
79 ± 9

138 ± 16
80 ± 9

133 ± 17
78 ± 9

0.006
0.093

Antihypertensive drug use, n (%) 252 (38.5) 54 (49.1) 198 (36.4) 0.013
ACE-inhibition, n (%) 211 (32.4) 44 (40.4) 167 (30.8) 0.052
Hypertension, n (%) 373 (56.6) 76 (69.7) 297 (54.0) 0.002
MetS, n (%) 196 (29.7) 77 (69.4) 119 (21.7)  < 0.001
Creatinine, mg/dL 0.76 [0.67–0.86] 0.77 [0.67–0.88] 0.76 [0.66–0.86] 0.729
eGFR, mL/min/1.73m2 104 [91–119] 101 [90–116] 104 [91–119] 0.401
HbA1c, % 7.4 [6.8–8.0] 7.6 [7.0–8.2] 7.4 [6.7–7.9] 0.013
HbA1c, mmol/mol 57 [51–64] 60 [53–66] 57 [50–63] 0.013
AST, IU/L 21 [17–27] 23 [18–27] 21 [17–26] 0.076
ALT, IU/L 22 [16–29] 26 [19–35] 21 [16–28]  < 0.001
GGT, IU/L 21 [15–30] 26 [19–43] 20 [14–29] < 0.001
TG, mg/dL 77 [60—101] 95 [73—138] 74 [57—94]  < 0.001
Tot Chol, mg/dL 172 ± 34 175 ± 34 172 ± 33 0.315
HDL, mg/dL
Males
Females

56 ± 15
70 ± 18

50 ± 13
62 ± 16

57 ± 15
71 ± 18

 < 0.001
 < 0.001

LDL, mg/dL 95 [78–115] 99 [82–119] 94 [77–115] 0.076
Statin use, n (%) 281 (42.6) 59 (54.1) 222 (40.4) 0.008
Urinary albuminuria rate, µg/min+ 3.8 [2.1–8.0] 5.0 [2.4–10.3] 3.5 [2.1–7.9] 0.046
(Micro)albuminuria, n (%)+ 75 (11.6) 17 (15.9) 58 (10.7) 0.129
CKD, n (%)+ 97 (15.0) 21 (19.3) 76 (14.1) 0.170
eGDR (mg/kg/min) 6.03 [4.73–8.36] 4.26 [3.19–5.30] 6.34 [5.23–8.86]  < 0.001
CAP™, dB/m* 228 ± 56 285 ± 58 217 ± 50  < 0.001
LSM, kPa* 4.8 [4.0–5.9] 5.4 [4.1–6.6] 4.8 [4.0–5.8] 0.006
LSM ≥ 8.0 kPa, n (%)* 27 (4.4) 10 (10.5) 17 (3.3) 0.002
FIB-4 score 0.77 [0.50–1.04] 0.76 [0.50–1.05] 0.77 [0.50–1.16] 0.357
FIB-4 score > 1.3, n (%) 70 (10.6) 7 (6.3) 63 (11.5) 0.106
Retinopathy, n (%)Δ 277 (43.1) 53 (49.1) 224 (41.9) 0.168
ASCVD, n (%) 58 (8.8) 21 (18.9) 37 (6.8)  < 0.001
CAD, n (%) 37 (5.6) 11 (9.9) 26 (4.7) 0.031
PAD, n (%) 22 (3.3) 10 (9.0) 12 (2.2) < 0.001
CVA, n (%) 13 (2.0) 7 (6.3) 6 (1.1) 0.002
5-year ASCVD risk, % 5.2 [1.6–12.5] 7.8 [2.1–14.4] 4.8 [1.6–12.0] 0.034
10-year ASCVD risk, % 10.2 [3.3–23.4] 15.0 [4.1–26.8] 9.4 [3.1–22.5] 0.035
5-year risk ≥ 5%, n (%) 303 (50.4) 52 (57.8) 251 (49.1) 0.130
5-year risk ≥ 10%, n (%) 185 (30.8) 37 (41.1) 148 (29.0) 0.021

Table 1  Cohort characteristics + stratification between MASLD/non-MASLD
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compared to the M+MetS+ could also be attributed to 
older age (53 ± 15 vs. 47 ± 15  years, p = 0.034), longer 
diabetes duration (32 ± 14 vs. 25 ± 13  years, p = 0.003), 
and lower eGFR (93 ± 24 vs. 102 ± 22  ml/min/1.73m2, 
p = 0.021) while no difference was observed in sex distri-
bution, HbA1c, LDL, SBP, active smoking, nor albumin-
uria. However, we also noticed that the rate of regular 
exercise was higher in the M-MetS + group both com-
pared to the M + MetS- group (19.0 vs. 3.2%, p = 0.033) 
as compared to the M+MetS+ group (19.0 vs 3.5%, 
p = 0.005), potentially attenuating the effect on the calcu-
lated risk.

Discussion
Our study demonstrated a 16.8% prevalence of MASLD in 
adults with T1D, based on ultrasonographic detection of 
liver steatosis. This finding aligns with a previous report 
from our study group on NAFLD prevalence in individu-
als with T1D [9]. It is important for future meta-analyses 
to note that the cohort described in this study largely 
overlaps with that of our earlier publication. However, 
the current cohort is larger and as such should be consid-
ered the primary dataset for inclusion in meta-analyses. 
A recent meta-analysis reported a MASLD prevalence of 
22% in T1D overall and 26% based on ultrasound, ana-
lysing 13,006 individuals across 23 studies. MASLD was 
more common in older, more overweight individuals with 
longer diabetes duration, higher TDI, and more metabolic 
dysfunction, consistent with our findings. Importantly, 
quality assessment concluded to a moderate overall risk 
of bias. Only one study in the meta-analysis used biopsy, 
the rest relied on non-invasive methods like ultrasound, 
risk scores, or MRI [12]. We observed a limited propor-
tion (3.8%) with LSM ≥ 8 kPa, indicating potential signifi-
cant fibrosis. Similarly, the abovementioned meta-analysis 
showed low fibrosis rates across various non-invasive mea-
sures (13.25%), with advanced fibrosis being rare (5.12%), 
based on 5 studies including ours [12].

We showed that MASLD was significantly associated 
with prevalent ASCVD (including CAD, PAD, and CVA) 
in T1D. A 2016 retrospective study showed increased 
ASCVD risk (adjusted hazard ratio 6.73) in T1D with 

Fig. 3  Subgroup analysis of the Steno Type 1 Risk Engine derived 5- and 
10-year risk factors for ASCVD. The figure shows a bar plot of the Steno Type 
1 Risk Engine derived 5- and 10-year risks of atherosclerotic cardiovascular 
disease (ASCVD). P values of post hoc comparisons (LSD) are shown above 
the bar plots. The numbers above the bar plots represent individual risk 
percentages per subgroup. M+MetS+: MASLD and metabolic syndrome, 
M+MetS-: MASLD without metabolic syndrome, M-MetS+: metabolic syn-
drome without MASLD, M-MetS-: no MASLD, no metabolic syndrome

 

Fig. 2  Distribution of micro- and macrovascular events in people with/
without MASLD. The figure shows the distribution of microvascular (mi-
croalbuminuria and retinopathy) and macrovascular events. P values are 
shown numerically above each bar graph. P values were derived from the 
chi-square test or Fisher’s exact test when appropriate. MASLD: metabolic 
dysfunction-associated steatotic liver disease, CKD: chronic kidney disease 
defined as eGFR < 60 mL/min/1.73 m2 and/or albuminuria (albumin excre-
tion rate > 30 mg/24 h) in the absence of other readily available diagnoses 
other than diabetes, CAD: coronary artery disease, PAD: peripheral arterial 
disease, CVA: cerebrovascular disease, ASCV: cardiovascular disease

 

Overall cohort MASLD No MASLD p value
10-year risk ≥ 5%, n (%) 382 (63.6) 64 (71.1) 318 (62.2) 0.107
10-year risk ≥ 10%, n (%) 301 (50.1) 52 (57.8) 249 (48.7) 0.113
The results are presented as the means ± SDs, medians [IQRs] or n (%). Comparisons between groups were performed with independent samples t tests for normally 
distributed variables, Mann‒Whitney U tests for nonnormally distributed variables, and chi‒square tests or Fisher’s exact tests for categorical variables. MASLD: 
metabolic dysfunction-associated steatotic liver disease, TDI: total daily dose of insulin, GLP-1 RA: glucagon-like peptide receptor agonist, WC: waist circumference, 
BP: blood pressure, ACE: angiotensin-converting enzyme, sum of ACE-inhibitors or angiotensin receptor blockers, MetS: metabolic syndrome, eGFR: estimated 
glomerular filtration rate, HbA1c: haemoglobin A1c, AST: aspartate aminotransferase, ALT: alanine aminotransferase, GGT: gamma-glutamyl transferase, TG: 
triglyceride, Tot Chol: total cholesterol level, HDL: high-density lipoprotein, LDL: low-density lipoprotein, CKD: chronic kidney disease defined as eGFR < 60 mL/
min/1.73 m2 and/or albuminuria (albumin excretion rate > 30 mg/24 h) in the absence of other readily available diagnoses other than diabetes, eGDR: estimated 
glucose disposal rate, CAP™: controlled attenuation parameter, LSM: liver stiffness measurement, ASCVD: cardiovascular disease defined as a compound of any of 
the following major cardiovascular events: coronary artery disease (CAD), peripheral arterial disease in need of intervention (PAD), or ischemic cerebrovascular event 
(CVA). §TDI available for 557 subjects. *VCTE available for 605 subjects, +24 h urine collection available for 594 subjects, Δ fundoscopy data available for 636 subjects

Table 1  (continued) 
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NAFLD, despite similar baseline features except for 
shorter diabetes duration (median 17 years) [14]. Higher 
NAFLD prevalence in that study (52.4%) likely reflects 
selection bias. Two additional cohorts from the same 
group confirmed this association, even after adjusting for 
common risk factors such as sex, BMI, HbA1c, diabetes 
duration, lipid profile, albuminuria, smoking and fam-
ily history of ASCVD [13, 15]. Odds in those two studies 
were remarkably higher compared to ours (adjusted OR 
7.6, 95% CI 3.6–24.0, p < 0.001, and 7.36, 95% CI 1.60–
34.3, p < 0.001 compared to 4.27, 95% CI 1.80–10.14, 
p = 0.001). NAFLD prevalence rates in those two studies 
were again remarkably higher (44 to 52%). Both these 
cohorts were similar to ours, with the exception that 
their HbA1c values were higher on average. Those studies 
included both non-stenotic and asymptomatic macrovas-
cular disease, whereas we only studied hard endpoints, 
which might explain their stronger associations.

Importantly, the MASLD-ASCVD association in our 
study persisted after adjusting for eGDR and MetS. 
While both were individually associated with ASCVD 
in univariable analyses, only MASLD remained signifi-
cant in the final model. When we adjusted the model for 
common ASCVD risk factors, MASLD showed a stron-
ger predictive association with ASCVD than did a simi-
lar model where MASLD was replaced by MetS. Owing 
to the strong collinearity of MASLD with MetS, we per-
formed further sensitivity analyses, substituting MASLD 
with liver steatosis, which yielded similar results, rein-
forcing its independent or additive contribution to 
ASCVD. Furthermore, a study by Zhang et al. found an 
association between NAFLD and carotid intima-media 
thickness, independent of MetS [32]. Serra-planas et al. 
found similar results showing that carotid intima-media 
thickness was greater in T1D subjects with NAFLD in 
100 adult participants [33]. Evidently, the design of asso-
ciation studies, including ours, does not allow to assess 
causality, and further research is needed to disentangle 
both entities.

We also found that individuals with MASLD had 
higher predicted 5- and 10-year ASCVD risks using 
the Steno Type 1 Risk Engine [29]. The 5-year risk rose 
from 5.2% in the cohort to 7.8% in those with MASLD. 
A study by Shah et al. showed an incidence of ASCVD of 
3.7% after 4.6  years of follow-up, which aligns with our 
results, highlighting the increased risk in individuals with 
MASLD [34]. At 10-year level, risk increased from 10.2% 
to 15.0% with MASLD. Paliares et al. compared Steno 
Type 1 Risk Engine predicted risks with 5- and 10-year 
follow-up data [35]. Among 435 T1D patients of mixed 
genetic and ethnic populations (median age 25 years, dia-
betes median duration 13 years, median BMI 23.5 kg/m2, 
median WC 86.0  cm, median HbA1c 8.6%), the 5-year 
estimated risk versus the observed event rate was 3.4 

vs 3.5%, and 6.8 vs. 9.9% at 10-years, respectively. Com-
pared to our cohort, subjects in their study were younger, 
leaner, and had worse glycaemic control. Mantovani et al. 
did a large study on MASLD and calculated risk accord-
ing to the Steno Type 1 Risk Engine, illustrating that 43% 
of the 1254 subjects had a calculated risk lower than 10% 
[36]. They did not publish the numerical risk at cohort 
level, making comparison between our cohorts difficult. 
The Steno Type 1 Risk Engine is composed of 10 clini-
cal parameters: age, sex, diabetes duration, DBP, LDL, 
HbA1c, albuminuria, eGFR, smoking, and regular exer-
cise. It does not account for IR-related markers like BMI, 
WC, TDI, or MASLD, nor for modifiers such as antihy-
pertensive or lipid-lowering therapy. In our cohort, differ-
ences in visceral adiposity, TDI, and statin use—known 
to have pleiotropic effects—may have attenuated the 
impact of MASLD on predicted risk [37]. By not includ-
ing these IR-related factors, it remains difficult to disen-
tangle MASLD from MetS. Subgroup analyses showed 
that those with both MASLD and MetS (M+MetS+) had 
higher risk than those with MASLD alone (M + MetS-), 
but lower than MetS alone (M-MetS +). The latter group 
was significantly older, had a longer diabetes duration, 
a lower eGFRs and a higher SBP, all age-related factors 
heavily weighted in the risk calculator. Long-term studies 
are needed to elucidate the potential independent role of 
MASLD in cardiovascular risk in T1D.

We found no association between liver fibrosis sever-
ity (LSM) and ASCVD. LSM, while non-invasive, cannot 
determine steatohepatitis and lacks validation in T1D. 
Evidence linking fibrosis to ASCVD in MASLD exists, 
but not in T1D due to lack of biopsy data [4, 5]. The 
guidelines indicate that non-invasive tests can play a role 
in determining the risk of liver fibrosis, but validation 
studies are absent in people with T1D [4]. Mantovani 
and colleagues recently studied the link between MASLD 
with/without fibrosis based on both non-invasive tests 
for steatosis (hepatic steatosis index) and fibrosis (FIB-
4), both of which have shown discrepancies compared to 
other tests for their respective results [36]. For instance, 
our previous epidemiological study provided robust data 
on non-invasive tests for fibrosis and showed an impor-
tant discrepancy in prevalence rates based on LSM ver-
sus FIB-4, while other studies have shown discrepancy 
between NAFLD fibrosis score, and FIB-4 in T1D pop-
ulations [9, 38]. Furthermore, although being a recom-
mended screening tool, there are studies questioning the 
accuracy of FIB-4 [39–41]. The low prevalence of signif-
icant fibrosis in our cohort, and by extension in people 
with T1D, limits statistical power to evaluate its link to 
ASCVD.

A major knowledge gap persists regarding the natural 
history and cardiometabolic effects of MASLD in T1D. 
Given the already high cardiovascular burden in T1D 
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[17, 18], even with optimal glycaemic control [42], there 
is a pressing need to explore underrecognized contribu-
tors like MASLD. While the link between MASLD and 
ASCVD is likely interchangeable with that of NAFLD 
and ASCVD, confirmation is needed. IR, commonly 
present in T1D, independently raises ASCVD risk [43]. 
In people with T1D, IR may increase ASCVD risk on its 
own [19, 44–46]. The eGDR, derived from the hyperin-
sulinaemic-euglycaemic clamp, is widely used as a proxy 
for IR because of the impracticality of the latter gold 
standard in clinical settings, but its components (hyper-
tension, HbA1c, and WC) may confound ASCVD risk 
assessment [23]. An important limitation of the eGDR 
is that the potentially significant effect of IR in younger 
individuals without hypertension can be underestimated, 
as they may already feature important IR, but not yet its 
symptoms. MetS, driven by IR, is linked to ASCVD and 
may benefit from inclusion of features like inflammation, 
microalbuminuria, and steatosis [47–49]. The pathophys-
iological link between IR and NAFLD/MASLD is tied 
to the role of the liver in glucose homeostasis and insu-
lin clearance. IR increases de novo lipogenesis and fatty 
acid flux to the liver due to impaired lipolysis inhibition, 
creating a reciprocal relationship with liver steatosis that 
amplifies both conditions [50]. Thus, mechanistic and 
longitudinal studies are needed to disentangle the causal 
effects of MetS, its components, and MASLD.

Our study has several strengths and limitations. This 
is a large cohort with minimal exclusion criteria, reduc-
ing selection bias. We used a strict definition of ASCVD, 
focusing on major events and excluding patients with 
atherosclerosis but no significant stenosis. We assessed 
future ASCVD risk via the validated Steno Type 1 Risk 
Engine, although it may underestimate risk in individuals 
with MASLD because of the increased use of antihyper-
tensive and lipid-lowering agents in that subgroup. Our 
regression models controlled for MetS/eGDR, support-
ing an independent association between MASLD and 
ASCVD. However, due to overlapping parameters, we 
could not adjust for IR in the Steno model.

Limitations include its cross-sectional design, preclud-
ing causal inference, and reliance on ultrasound rather 
than biopsy for steatosis detection. While ultrasound 
is validated for moderate-to-severe steatosis, it cannot 
differentiate from steatohepatitis. Biopsy remains the 
gold standard but is unsuitable for population screen-
ing. Absence of biopsy studies also limits validation of 
LSM and FIB-4 in T1D. Family history of ASCVD was 
not collected, limiting adjustment. Finally, changes in 
lifestyle, metabolic control, or medication use over time 
may explain the lack of significance for some variables 
(e.g., smoking) or the lower LDL levels in subjects with 
ASCVD.

Conclusion
MASLD is common in T1D patients and strongly corre-
lates with established ASCVD and increased future risk. 
This association appears to be independent of traditional 
cardiovascular risk factors, including IR. Identifying 
MASLD in patients with T1D may aid in risk stratification 
and management. Longitudinal studies are needed to clar-
ify the causal relationship between MASLD and ASCVD.
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