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Abstract 

Background: Obesity, non-alcoholic fatty liver disease (NAFLD) and insulin resistance are three pathological con-
ditions highly correlated, but this relationship is not fully elucidated. Hence, we aimed to assess the association of 
hepatic steatosis and fibrosis with different measures of insulin sensitivity in patients with severe obesity and type 2 
diabetes mellitus (T2DM).

Methods: A cross-sectional study (Oseberg trial) including patients with T2DM referred for bariatric surgery at Vest-
fold Hospital Trust, Norway. Magnetic resonance imaging (MRI) and the enhanced liver fibrosis (ELF) test was used for 
estimation of liver fat fraction (LFF) and degree of fibrosis, respectively. Oral and intravenous glucose tolerance tests 
were applied for estimation of insulin sensitivity (HOMA2S, Matsuda ISI and MinMod SI).

Results: A total of 100 patients (mean [SD] age 47.5 [9.7] years, 65% women, BMI 42.0 [5.3] kg/m2 and 98% with 
metabolic syndrome) were included in the analyses. The mean (SD) LFF in the total population was 19.1 (11.5), and 
the mean (SD) ELF score was 8.46 (0.84), a value representing moderate fibrosis. LFF was inversely associated with 
HOMA2S and Matsuda ISI, and both measures were significantly higher in the no or low-grade steatosis group com-
pared with the medium-to-high grade steatosis group (mean difference [95% CI] 5.9 [2.2-9.6]%, Cohen’s d = 0.75), and 
(0.7 [0.3-1.1], Cohen’s d = 0.80, respectively). There was no association between LFF, as a categorical or continuous 
variable, and MinMod SI. The proportions of patients with none to mild fibrosis, moderate fibrosis and severe fibrosis 
were 14, 78 and 6%, respectively, and there were no significant associations between level of fibrosis and measures of 
insulin sensitivity.

Conclusions: Patients with morbid obesity and T2DM demonstrated high levels of liver fat fraction, and we showed 
that hepatic steatosis, but not the degree of liver fibrosis, was associated with different measures of insulin sensitiv-
ity in patients with severe obesity and T2DM. Further, our results might indicate that the LFF is primarily associated 
with hepatic, and not peripheral insulin sensitivity. To improve the diagnosis of NAFLD and the prediction of its 
progression, more studies are needed to reveal the pathological mechanistic pathways involved in NAFLD and insulin 
sensitivity.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, 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:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  uxseek@siv.no

1 Morbid Obesity Centre, Vestfold Hospital Trust, Tønsberg, Norway
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-022-02550-0&domain=pdf


Page 2 of 12Seeberg et al. BMC Gastroenterology          (2022) 22:448 

Background
As the obesity epidemic soars, the prevalence of 
associated medical problems such as type 2 diabetes 
mellitus (T2DM), cardiovascular diseases, dyslipi-
demia and non-alcoholic fatty liver disease (NAFLD) 
increases steadily, and add to a solid rise of the health-
care costs worldwide [1, 2]. NAFLD, which includes 
hepatic steatosis, steatohepatitis, fibrosis and cirrho-
sis, is the most frequent chronic liver disorder with a 
global prevalence of 25% [3]. Thus, NAFLD renders 
a serious health issue as it may progress into adverse 
conditions such as liver failure and hepatocellular car-
cinoma [2, 4].

The pathogenesis of NAFLD may be explained by 
the liver’s restricted capacity to handle large amounts 
of carbohydrates and fatty acids. Increased dietary 
intake of fat and carbohydrates may lead to increased 
levels of blood free fatty acids from the adipose tis-
sue and increased de novo lipogenesis leading to toxic 
lipids caused by oxidative stress and inflammation. 
Hence, this could cause hepatocellular injury, fibrosis, 
cirrhosis and hepatocellular carcinoma [5]. Reduced 
insulin sensitivity, which is often observed in persons 
with NAFLD, may boost hepatic fat accumulation by 
increasing free fatty acid release from adipose tissue, 
and by the effect of hyperinsulinemia on anabolic pro-
cesses [6]. However, the complete underlying mecha-
nisms of the progression from hepatic steatosis to 
steatohepatitis and fibrosis are not fully understood 
[7, 8]. NAFLD has been shown to double the risk of 
incident T2DM [9, 10], and NAFLD is present in 60 to 
90% of patients with obesity and T2DM [2]. Patients 
with T2DM and NAFLD have more severe hyperin-
sulinemia, dyslipidemia and lower insulin sensitivity 
in hepatic and adipose tissue, compared with patients 
without NAFLD [11]. Advanced liver fibrosis is also 
common in patients with T2DM, affecting at least one 
out of six patients with T2DM [12]. Altogether, obe-
sity, T2DM, NAFLD and insulin resistance are patho-
logical conditions highly linked to each other and 
possible to be considered part of a general metabolic 
dysregulation, but this relationship is not fully elu-
cidated. Hence, we aimed to assess the association of 
hepatic steatosis and fibrosis with different measures 
of hepatic and peripheral insulin sensitivity in patients 
with severe obesity and T2DM.

Methods
Study design and participants
This is a cross-sectional analysis of baseline data from 
the Oseberg study, an ongoing single center, randomized 
controlled trial (NCT01778738) designed to compare 
the effects of Roux-en-Y gastric bypass and sleeve gas-
trectomy on remission of T2DM and β-cell function. The 
study was conducted at the Morbid Obesity Centre at 
Vestfold Hospital Trust, a tertiary care obesity center in 
Southern Norway between January 2013 and February 
2018. A protocol article describing the study design and 
setting has been published [13]. The study was approved 
by the Regional Committees for Medical and Health 
Research Ethics in Norway (2012/1427/REK sør-øst B). In 
brief, patients with T2DM scheduled for bariatric surgery 
were screened for study eligibility according to the fol-
lowing criteria: age 18 years or older; current body mass 
index (BMI) of 33.0 kg/m2 or higher with previously veri-
fied BMI of 35.0 kg/m2 or higher; and T2DM (HbA1c of 
≥6.5% [48 mmol/mol] or use of antidiabetic medications 
with HbA1c of ≥6.1% [43 mmol/mol]). The key exclusion 
criteria were previous major abdominal surgery, cancer, 
severe medical conditions associated with increased risk of 
complications, drug or alcohol addiction, pregnancy, and 
severe gastro-esophageal reflux disease. All patients were 
screened for hepatitis B and C through serological testing.

Variables and data measurement
Hepatic steatosis
Hepatic steatosis was assessed by measuring the liver 
fat fraction (LFF) and by calculating the fatty liver index 
(FLI). To quantify the LFF we applied magnetic reso-
nance imaging (MRI) (Siemens AERA 1.5 T) and chemi-
cal shift imaging [14], giving two groups of images in 
the same spatial domain with the water and fat spins in-
phase or out-of-phase, thus being able to produce sepa-
rate water and fat images. To quantify the fat content we 
used the modified Dixon method [15]. The fat signal per-
centage (FSP) in the liver was calculated as; FSP = [(SIT1 
IP - SIT1 OP)/2(SIT1 IP)] * 100, where SIT1 IP is the 
ratio of hepatic signal intensity to splenic signal inten-
sity on in-phase T1-weighted images, and SIT1 OP is the 
ratio of hepatic signal intensity to splenic signal intensity 
on out-of-phase T1-weighted images. The signal intensity 
in liver was normalized to spleen. A normal liver usually 
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has a fat content of less than 5% histologically [16]. Based 
on reported studies, MRI has a sensitivity of 77-100% 
and a specificity of 87-91% for detection of any degree 
of hepatic steatosis (histologic grade > 5%) [17]. Imaging-
based methods as the modified Dixon, allow detection of 
a fat percentage of 10-15 or more [18]. Two independent 
experienced consultant radiologists (NPK and JOG) per-
formed the MRI analyses. They were unaware of all clini-
cal and biochemical parameters of the study subjects. 
No or low- grade hepatic steatosis was defined as values 
below the  25th percentile at baseline, which corresponded 
to a LFF ≤10%.

Fatty liver index (FLI) is an algorithm developed to 
predict fatty liver in the general population. Based on 
BMI, waist circumference (WC), triglycerides (TG) and 
gamma-glutamyl-transferase (GGT) this algorithm has 
an accuracy of 0.84 (95%CI 0.81- 0.87) in detecting fatty 
liver [19]. It was initially validated against ultrasonogra-
phy. The score is calculated using the following formula:

FLI = (e^[0.953 × ln(TG) + 0.139 × BMI + 0.718 × ln(GG
T) + 0.053 × WC - 15.745] / (1 + e^[0.953 × ln (TG) + 0.13
9 × BMI + 0.718 × ln(GGT) + 0.053 × WC - 15.745]) × 100, 
with TG measured in mg/dl (1 mg/dl = 0.01129 mmol /l), 
GGT in U/l, and WC in cm. The FLI score range is 0–100. 
Applying cutoffs proposed by Bedogni et  al., a FLI < 30 
rules out and a FLI ≥60 rules in fatty liver [19]. The algo-
rithm has also been validated against proton magnetic res-
onance spectroscopy [20].

Liver fibrosis
To estimate the level of liver fibrosis, we used the 
enhanced liver fibrosis (ELF) test and calculated the 
NAFLD fibrosis score. The enhanced liver fibrosis (ELF) 
test is a proven and less invasive direct marker for evalu-
ating liver fibrosis [21, 22]. Serum biomarkers of hepatic 
matrix metabolism including hyaluronic acid (HA), pro-
collagen III amino terminal peptide (PIIINP) and tissue 
inhibitor of metalloproteinase 1 (TIMP1) are measured. 
A higher concentration of individual biomarkers leads to 
a higher ELF score and indicates a greater likelihood of 
more severe fibrosis. The ELF test has shown to corre-
late with the level of liver fibrosis assessed by liver biopsy 
[23]. The ELF score is calculated by the formula: ELF sco
re = 2.278 + 0.851 × ln(HA) + 0.751 × ln(PIIINP) + 0.394 
× ln(TIMP-1), all expressed in ng/ml [24]. A commercial 
kit from Siemens Healthineers was applied, ADVIA Cen-
taur® XP Immunoassay System, and the analyses were 
performed at Unilabs Laboratoriemedisin, Oslo, Norway. 
The interpretation of the ELF score is as follows: < 7.7 
(none to mild fibrosis), ≥7.7 to < 9.8 (moderate fibrosis) 
and ≥ 9.8 (severe fibrosis) [21, 23].

NAFLD fibrosis score was calculated using the follow-
ing formula: − 1.675 + 0.037 × Age (yrs) + 0.094 × BMI 

(kg/m2) + 1.13× impaired fasting glucose/diabetes 
(yes = 1, no = 0) + 0.99 × Aspartate transaminase (AST)/ 
Alanine aminotransferase (ALT) ratio − 0.013 × Plate-
let(×  109/L) − 0.66 × Albumin (g/dl). The interpretation 
of NAFLD fibrosis score is as follows: <− 1.455 = F0-F2 
(no fibrosis to moderate fibrosis), − 1.455 – 0.675 = inde-
terminant score and > 0.675 = F3-F4 (severe fibrosis to 
cirrhosis) [25].

Insulin sensitivity
Insulin sensitivity was calculated in three different ways. 
First, the Homeostasis Model Assessment 2 (HOMA2S) 
calculate insulin sensitivity from fasting C-peptide and 
glucose levels using the HOMA2 calculator [26, 27]. 
HOMA2S estimates insulin sensitivity as percentage of a 
normal reference population. Second, the Matsuda insu-
lin sensitivity index (Matsuda ISI) calculate insulin sen-
sitivity from fasting and stimulated insulin and glucose 
levels obtained from the 3 h oral glucose tolerance test 
(OGTT) [28]. Finally, an insulin-modified intravenous 
glucose tolerance test (IGTT) was done as previously 
described [13]. Insulin sensitivity was derived using the 
MinMod Millennium Program version 6.02.16. For the 
calculations, a specific weighting algorithm was adopted 
for improving the fit of the model to the data [29].

Laboratory tests
Laboratory analyses were performed at the Central 
Laboratory, Vestfold Hospital Trust, which is accredited 
according to NS-EN ISO 15189 and serves as the main 
analytical facility in the hospital. General clinical chem-
istry and immunochemistry were analyzed on Cobas 
8000 with modules ISE, c702 and e801 (Roche Diagnos-
tics, Basel, Switzerland). Insulin were analyzed at Oslo 
University Hospital using established methods. A more 
detailed description of the laboratory analyses has pre-
viously been described [13]. Whole blood HbA1c was 
analyzed on a Tosoh high-performance liquid chroma-
tography G8 analyser (Tosoh Corporation, Tokyo, Japan) 
with reagents from supplier. Hepatitis serology was ana-
lyzed on Cobas 8000 on module e801 with reagents from 
the supplier (Roche Diagnostics, Mannheim, Germany).

Study size
The sample size was calculated according to the pri-
mary outcomes [29], and the study sample was set 
to 125 participants given a 5% significance level and 
80% power. Of the 125 patients enrolled at baseline 
examination, 109 were randomized with 100 of these 
patients undergoing MRI.
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Statistical analyses
Between-group comparisons of demographic and clini-
cal characteristics were performed using independent-
samples t-test, Mann-Whitney Wilcoxon test, ANOVA 
or Chi-square tests as appropriate. The results were 
reported as means (standard deviation [SD]), median 
(interquartile ranges [IQRs] or counts [percentages]). 
Estimation of effect sizes were performed by using 
Cohen’s d. Comparison of groups with different sample 
size was calculated by adjusting the pooled standard devi-
ation with weights for the sample sizes. Cohen’s d values 
between 0.2 and 0.3 were considered to be a small effect 
size, medium effects were assumed for values around 0.5 
and values larger than 0.8 would depict large effects. The 
statistical analyses were performed using SPSS Statistics 
26 or STATA SE version 16.0.

Results
Participant flow and baseline characteristics
Between October 2012 and September 2017, 319 con-
secutive patients with severe obesity and T2DM were 
assessed for eligibility, of whom 194 were ineligible or 
declined participation. Thus, 125 patients were initially 
enrolled and underwent a baseline examination between 
January 2013 and February 2018. Of these patients, 16 
were excluded mainly due to severe gastroesophageal 

reflux disease or medical conditions with high risk of 
surgical complications, leaving 109 patients scheduled 
for bariatric surgery in the Oseberg trial. Nine patients 
did not go through MRI due to claustrophobia or metal 
implants at baseline, leaving 100 patients to be included 
in the current cross-sectional analysis (Fig. 1). The results 
of the ELF test were available in 98 of the 100 patients. 
There were two fallouts due to analysis failure.

The participants (97% of White ethnicity, 65% female) 
had a mean (standard deviation [SD]) age of 47.5 (9.7) 
years, a BMI of 42.0 (5.3) kg/m2 and a WC of 128 (12) cm. 
Ninety-eight percent had metabolic syndrome with 89 
and 65% using antidiabetic and antihypertensive medica-
tion, respectively. The mean (SD) alcohol intake was 1.0 
(1.4) units a week. The mean LFF, as measured by MRI, 
was 19.1 (11.5) %, and the mean FLI-value was 53 (26), 
close to the cut-off ≥60 ruling in fatty liver. The mean 
(SD) ELF score was 8.46 (0.84), a value indicating moder-
ate fibrosis.

Measures of insulin sensitivity and clinical characteristics 
by level of hepatic steatosis
The mean LFF was 5 (4) % and 24 (9) % in the no or 
low-grade steatosis group and medium-to-high grade 
steatosis group, respectively (Table 1). The mean fasting 
C-peptide was significantly lower in the no or low-grade 

Fig. 1 Schematic overview of selection of participants included in the current study
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steatosis group compared with the medium-to-high 
grade steatosis group (mean difference [95% confi-
dence interval (CI)]: − 422 [− 641 to − 204] pmol/L, 

p  < 0.001, [Cohen’s d] = 0.92). HOMA2S and Matsuda 
ISI were significantly higher in the no or low-grade stea-
tosis group compared with the medium-to-high grade 

Table 1 Clinical characteristics according to grade of steatosis based on liver fat fraction measured by MRI

Data are presented as n (%) and mean (SD). Liver fat fraction (LFF) was estimated with the modified Dixon method calculating the percentage of liver fat using 
magnetic resonance imaging (MRI). No or low grade hepatic steatosis was defined in patients with values below or equal to the 25th percentile (≤10%) of LFF at 
baseline. Two-sample t-test with equal variance for continues variables and Pearson Chi-squared for categorical variables. MinMod SI, n = 83; ELF, n = 98; Matsuda ISI, 
n = 96; C-peptide, n = 98

FFM Fat free mass, FM Fat mass
a No or low grade hepatic steatosis was defined in patients with values below or equal to the 25th percentile (≤ 10%) of LFF at baseline, while medium to high grade 
steatosis was defined as > 10%

All No or low grade 
 steatosisa

Medium to high  gradea P-value

N (%) 100 (100) 25 (25) 75 (75)

Liver fat fraction, % (range) 19.1 (−5.5–43.3) 4.7 (− 5.5–9.9) 24.2 (10.7–43.3) < 0.001

Age, years 47.5 (9.7) 49.3 (8.8) 46.9 (10.0) 0.297

Gender, female (%) 65 19 (76) 46 (61) 0.183

Metabolic syndrome, n (%) 98 (98) 25 (100) 73 (97) 0.409

White ethnicity, n (%) 97 (97) 24 (96) 73 (97) 0.735

Alcohol consumption, units a week 1.0 (1.4) 0.7 (1.0) 1.1 (1.5) 0.229

Antropometrics
 BMI, kg/m2 42.0 (5.3) 41.6 (5.8) 42.1 (5.1) 0.688

 FFM, kg 66.7 (13.9) 64.5 (11.9) 67.4 (14.5) 0.364

 FM, kg 58.7 (12.7) 58.4 (13.6) 58.8 (12.5) 0.886

 Waist circumference, cm 127.8 (11.9) 126.3 (13.4) 128.2 (11.4) 0.489

Glucose homeostasis
 Fasting glucose, mmol/L 12.1 (4.6) 12.8 (5.2) 11.8 (4.4) 0.329

 HbA1c, mmol/mol 66.2 (18.7) 65.5 (13.0) 66.5 (20.4) 0.831

 Fasting insulin, pmol/L 199 (133) 159 (129) 212 (132) 0.079

 Fasting C-peptide, pmol/L 1600 (493) 1277 (554) 1700 (430) < 0.001

 HOMA2S, % 21.8 (8.2) 26.3 (11.0) 20.4 (6.6) 0.002

 Matsuda ISI 1.6 (0.9) 2.2 (1.3) 1.5 (0.7) < 0.001

 MinMod SI, (mu/l)−1 x  min− 1 0.86 (0.90) 0.87 (0.69) 0.86 (0.95) 0.981

 Diabetes duration, years 6.7 (6.1) 10.4 (7.5) 5.5 (5.1) < 0.001

 Antidiabetic medication, n (%) 89 (89) 23 (92) 66 (88) 0.580

Liver status
 Alanine aminotransferase (U/L) 38.5 (20.6) 26.2 (13.0) 42.6 (21.1) < 0.001

 Aspartate aminotransferase (U/L) 27.7 (12.5) 21.8 (8.8) 29.7 (12.9) 0.006

 AST/ALT ratio 0.79 (0.26) 0.89 (0.27) 0.75 (0.24) 0.027

 ƴ-Glutamyltransferase (U/L) 56.1 (37.8) 43.1 (28.7) 60.4 (39.6) 0.048

 ELF-score 8.46 (0.84) 8.37 (1.04) 8.49 (0.77) 0.551

 Fatty Liver Index 52.6 (25.8) 43.5 (27.1) 55.6 (24.8) 0.041

 NAFLD Fibrosis score −0.025 (0.922) 0.082 (0.966 −0.061 (0.911) 0.505

Cardiovascular risk factors
 Total cholesterol, mmol/L 4.4 (0.9) 4.3 (0.7) 4.5 (0.9) 0.421

 LDL cholesterol, mmol/L 2.5 (0.8) 2.4 (0.6) 2.5 (0.8) 0.482

 HDL cholesterol, mmol/L 1.0 (0.2) 1.1 (0.2) 1.0 (0.2) 0.007

 Triglycerides, mmol/L 2.1 (1.3) 1.7 (0.7) 2.3 (1.4) 0.065

 Systolic BP, mmHg 132.3 (14.9) 136.8 (19.8) 130.7 (12.6) 0.078

 Diastolic BP, mmHg 84.5 (7.1) 84.9 (7.0) 84.4 (7.2) 0.766

 Antihypertensives, n (%) 65 (65) 20 (80) 45 (60) 0.069

 Lipid-lowering drugs, n (%) 46 (46) 15 (60) 31 (41) 0.105
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steatosis group (mean difference [95% CI] 5.9 [2.2 to 
9.6] %, Cohen’s d = 0.75), and (0.7 [0.3 to 1.1], Cohen’s 
d = 0.80, respectively). LFF was inversely associated with 
HOMA2S (Fig.  2A) and Matsuda ISI (Fig.  2B), and for 
every 1% increase in LFF, the HOMA2S was reduced 
with 0.5% and Matsuda ISI reduced with 0.03. There was 
no association between LFF, as a categorical or continu-
ous variable, and MinMod SI (Table 1, Fig. 2C).

The duration of diabetes was longer in the no or low-
grade steatosis group compared with the medium-to-
high grade steatosis group (10.4 (7.5) versus 5.5 (5.1) 
years, p  < 0.001). Other clinical characteristics did not 
differ significantly between the groups (Table 1).

We observed significantly lower mean (SD) values 
of AST and ALT in the no or low-grade steatosis group 
compared with the medium-to-high grade steatosis 
group (Table 1). Comparing the no or low-grade steato-
sis group with the medium-to-high grade steatosis group 
(Table  1), there were no difference in degree of fibrosis 
using the ELF test or the NAFLD fibrosis score.

High density lipoprotein levels were higher (1.1 [0.2] ver-
sus 1.0 [0.2] mmol/L, p = 0.007) and the TG levels tended 
to be lower (1.7 [0.7] versus 2.3 [1.4] mmol/L, p = 0.065) 
in the no or low-grade steatosis group compared with the 
medium-to-high grade steatosis group (Table 1).

Measures of insulin sensitivity and clinical characteristics 
by level of liver fibrosis
The proportions of patients with none to mild fibrosis, 
moderate fibrosis and severe fibrosis were 14, 78 and 6%, 
respectively (Table  2). Insulin sensitivity measured by 
HOMA2S, Matsuda ISI and MinMod SI did not differ 
between the groups. There were no significant associa-
tions between the ELF-score and the different measures 
of insulin sensitivity (Fig. 3, panel A-C).

The mean (SD) age for the patients with none to mild 
fibrosis, moderate fibrosis and severe fibrosis were 
39.8 (8.3), 48.4 (9.2) and 54.3 (12.0) years, respectively 
(p  = 0.002). Patients with severe fibrosis had a longer 
duration of T2DM (13.7 [8.3] years) compared with those 
with moderate fibrosis (6.5 [5.5]) and none or mild fibro-
sis (5.6 [7.2], p = 0.016). Patients with severe fibrosis also 
presented lower LFF (8 [9] %, p = 0.066) compared with 
none to mild fibrosis and moderate fibrosis (19 [12] and 
20 [11] respectively p = 0.066, Table 2).

The mean (SD) NAFLD fibrosis score for patients with 
none to mild fibrosis, moderate fibrosis and severe fibrosis 
were − 0.65 (1.2), 0.02 (0.84) and 0.79 (0.39), respectively 
(p = 0.003), all values corresponding to the categories of 
moderate to severe fibrosis. Patients with none to mild 
fibrosis had lower mean (SD) values of AST 22.9 (11.7) 
compared with patients with moderate (27.4 (10.4) and 

severe fibrosis (41.3 (27.5), (p = 0.009), but there were no 
significant difference between the fibrosis-groups with 
regards to ALT values or AST/ALT ratio (Table 2).

Discussion
The clinical and pathophysiological connections between 
NAFLD, insulin resistance, obesity and T2DM have been 
widely explored [30]. However, few studies, if any, have 
applied three different measures of insulin sensitivity in 
combination with MRI and the ELF-test for estimation of 
liver fat fraction and liver fibrosis, respectively, to assess 
the relationship between levels of hepatic steatosis and 
fibrosis with insulin sensitivity in patients with severe 
obesity and T2DM. Our data show that most (> 75%) of 
the patients with severe obesity and T2DM had mod-
erate-to-high grade of liver steatosis, and there was a 
high proportion (80%) of patients with moderate fibro-
sis. With increasing LFF, we observed reduced insulin 
sensitivity measured by HOMA2S and Matsuda ISI. On 
the contrary, there was no association between LFF and 
intravenous glucose tolerance test-derived insulin sensi-
tivity. Notably, the grade of fibrosis was independent of 
LFF, and we observed no associations between grade of 
fibrosis and the different measures of insulin sensitivity.

Similar to our study, a vast number of papers have 
reported a high prevalence of NAFLD in patients with 
both T2DM and obesity [1, 31]. The degree of hepatic 
steatosis is tightly linked to obesity and patients with 
obesity are simultaneously at increased risk of associ-
ated medical problems such as T2DM, dyslipidemia and 
hypertension, a cluster of metabolic conditions influ-
encing the susceptibility for development of NAFLD. 
In a Finnish study of 140 patients, of which half of the 
patients had T2DM, patients with T2DM had 80% more 
liver fat compared with those without T2DM, when 
matched for age, sex and weight [32]. Several meta-anal-
yses have also shown that NAFLD increases the risk the 
of incident T2DM [9, 33], and there is some evidence 
suggesting that patients with T2DM are at higher risk of 
developing liver fibrosis [31, 34, 35]. Thus, the high pro-
portion of patients with steatosis and moderate to severe 
fibrosis in our cohort of patients with severe obesity and 
T2DM was a predictable finding.

Unfavourable fat distribution, adipose tissue dysfunc-
tionality and insulin resistance constitute the basis of 
metabolic disturbances such as NAFLD [30]. Current lit-
erature suggests that the pathogenic drivers are not iden-
tical among all patients and includes multiple metabolic, 
genetic and microbiome related factors [22], thus the 
pathophysiological mechanisms behind the development 
of NAFLD seems to be best explained by the “multi-hit 
hypothesis” [36]. Insulin resistance within the liver and in 
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Fig. 2 Scatterplots with fitted linear regression line with 95% CI, showing the association between measures of insulin sensitivity and levels of liver 
fat fraction (%) estimated by MRI. A HOMA2S, B Matsuda ISI and C MinMod SI
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the extra-hepatic tissue is implicated in the pathogenesis, 
and recent data indicate that hyperinsulinemia could be 
seen as both a consequence and a cause of NAFLD [37]. 
Hyperinsulinemia may cause increased de novo lipogen-
esis in the liver, and results in accumulation of ectopic fat 
in peripheral tissues, generating macrophage infiltration 

and a pro-inflammatory state that promotes insulin resist-
ance [5, 22, 30, 38]. In line with this notion, HOMA2S 
which reflects the balance between hepatic glucose output 
and insulin secretion in the basal state and is a measure 
of mostly hepatic insulin sensitivity [39], was moderately 
associated with LFF. Similarly, Matsuda ISI which also 

Table 2 Clinical characteristics according to level of fibrosis based on the Enhanced Liver Fibrosis (ELF™) test

Data are presented as n (%) and mean (SD). Between group difference were performed using analysis of variance (ANOVA). MinMod SI, n = 83; ELF, n = 98; Matsuda ISI, 
n = 96; C-peptide, n = 98

FFM Fat free mass, FM Fat mass

None to Mild Moderate Severe P-value
ELF-score < 7.7 ELF-score ≥ 7.7 to ≤ 9.8 ELF score > 9.8

N (%) 14 (14) 78 (80) 6 (6)

ELF-score 7.28 (0.39) 8.52 (0.54) 10.41 (0.67) na

Age, years 39.8 (8.3) 48.4 (9.2) 54.3 (12.0) 0.002

Gender, female (%) 14 (100%) 46 (59%) 4 (67%) 0.012

Metabolic syndrome, n (%) 14 (100%) 76 (97%) 6 (100%) 0.77

White ethnicity, n (%) 14 (100%) 75 (96%) 6 (100%) 0.672

Alcohol consumption, units a week 0.3 (0.8) 1.1 (1.5) 0.9 (0.9) 0.155

Antropometrics
 BMI, kg/m2 43.3 (5.3) 41.3 (4.5) 44.5 (9.7) 0.15

 FFM, kg 58.9 (6.4) 67.7 (14.4) 67.7 (17.0) 0.088

 FM, kg 61.1 (11.6) 57.6 (11.4) 62.5 (22.4) 0.432

 Waist circumference, cm 122.7 (11.8) 127.8 (10.6) 133.7 (18.8) 0.122

Glucose homeostasis
 HbA1c, mmol/mol 70.6 (18.8) 65.5 (19.3) 64.0 (15.4) 0.627

 Fasting insulin, pmol/L 160 (92) 206 (143) 136 (75) 0.276

 Fasting C-peptide, pmol/L 1313 (472) 1658 (475) 1370 (655) 0.04

 HOMA2S, % 24.7 (12.9) 23.4 (11.2) 30.6 (16.7) 0.478

 Matsuda ISI 1.83 (1.17) 1.55 (0.79) 2.42 (2.07) 0.134

 MinMod SI, (mu/l)−1 x  min−1 1.03 (0.65) 0.85 (0.93) 0.85 (1.15) 0.864

 Diabetes duration, years 5.6 (7.2) 6.5 (5.5) 13.7 (8.3) 0.016

 Antidiabetic duration, n (%) 12 (86) 69 (88) 6 (100) 0.638

Liver status
 ALAT, U/L 30.6 (19.7) 39.3 (20.1) 43.2 (29.1) 0.297

 ASAT, U/L 22.9 (11.7) 27.4 (10.4) 41.3 (27.5) 0.009

 AST/ALT ratio 0.80 (0.25) 0.78 (0.25) 0.97 (0.37) 0.168

 GammaGT, 52.4 (42.4) 55.5 (36.1) 68.2 (54.2) 0.691

 Liver fat fraction, % 19.2 (11.9) 19.7 (11.4) 8.3 (9.2) 0.066

 Fatty Liver Index 49.2 (28.6) 51.5 (24.6) 61.2 (29.2) 0.617

 NAFLD Fibrosis score −0.65 (1.2) 0.02 (0.84) 0.79 (0.39) 0.003

Cardiovascular risk factors
 Total cholesterol, mmol/L 4.9 (1.3) 4.4 (0.8) 4.5 (0.5) 0.084

 LDL cholesterol, mmol/L 2.9 (0.9) 2.5 (0.7) 2.5 (0.7) 0.163

 HDL cholesterol, mmol/L 1.1 (0.2) 1.0 (0.2) 1.2 (0.2) 0.048

 Triglycerides, mmol/L 2.2 (1.2) 2.0 (1.0) 2.0 (0.7) 0.856

 Systolic BP, mmHg 129 (11) 132 (14) 147 (27) 0.034

 Diastolic BP, mmHg 85 (7) 85 (7) 85 (8) 0.952

 Antihypertensive medications, n (%) 8 (57) 50 (64) 5 (83) 0.532

 Lipid-lowering drugs; n (%) 5 (36) 36 (46) 4 (67) 0.443
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Fig. 3 Scatterplots with fitted linear regression line with 95% CI, showing the association between measures of insulin sensitivity and levels of 
fibrosis assessed by ELF-score. A HOMA2S, B Matsuda ISI and C MinMod SI
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includes fasting measurements, correlated well with LFF. 
In contrast, MinMod SI, which includes measurements 
20 min after rise in glucose levels and reflects mostly glu-
cose disposal in the skeletal muscles, did not correlate with 
LFF. Due to the cross-sectional design of this study, no cas-
uality between liver fat content and insulin sensitivity can 
be established. However, our findings indicate that LFF is 
primarily associated with hepatic, and not peripheral insu-
lin sensitivity. The clear differences in insulin sensitivity, 
observed in our study, between patients with medium-
to-high grade steatosis and patients with no or low-grade 
steatosis, are comparable with a study by Lomonaco and 
colleagues [11]. Among 154 patients with obesity with or 
without T2DM, the suppression of free fatty acids during a 
euglycemic-hyperinsulinemic clamp, a measure of hepatic 
insulin sensitivity, was negatively correlated with intrahe-
patic TG content.

An interesting finding in our study was the significant 
difference in duration of T2DM between the groups of 
steatosis, with a shorter duration in the medium-to-high 
grade steatosis group compared with the no or low-grade 
group. In line with this observation, a shorter duration 
of T2DM was found to be an independent predictor of 
NAFLD in a large cohort study from Scotland [40]. The 
association of shorter duration of T2DM and NAFLD 
is assumed to be caused by a greater degree of hyperin-
sulinemia in early TD2M as the hyperinsulinemia may 
drive the uptake of free fatty acids in the hepatocytes 
[41]. In addition, long duration of T2DM may also reflect 
earlier diabetes debut or high age, which both indicate 
impaired beta cell function. It is therefore possible that 
patients with no or low-grade steatosis have a higher 
degree of hepatic insulin sensitivity, but a greater degree 
of beta cell dysfunction.

In patients with both severe obesity and T2DM, the co-
existence of these conditions increases the risk of liver 
fibrosis due to the imbalance in the lipid metabolism and 
the formation of lipotoxic lipids, cellular stress, inflam-
mation and cell death. Published data among patients 
with T2DM suggest a prevalence of biopsy proven 
advanced fibrosis globally of 17% [31]. With non-inva-
sive methods the prevalence is estimated to be up to 37% 
[34]. Several studies have described association between 
T2DM and liver fibrosis, and to some extent, predictive 
factors associated with the development of fibrosis [34]. 
A study by Petta et  al. reported that the risk of severe 
fibrosis, discriminated by age, was driven by low HDL, 
impaired fasting glycemia/diabetes and obesity at lower 
age, while impaired fasting glycemia/diabetes and low 
HDL were predictors of severe fibrosis at older age [42]. 
The major part of patients in our study were reported 
to have moderate fibrosis and there were no difference 
between the groups of fibrosis regarding HDL levels. We 

observed that patients with severe fibrosis were older, had 
longer duration of T2DM and had higher levels of AST. 
Both AST and ALT showed linkage to liver fat content, 
presenting higher values in the medium to high-grade 
steatosis group, but only AST demonstrated a signifi-
cant difference between the different groups of fibrosis. 
Patients with advanced fibrosis may have normal range 
of liver enzymes [43]. Our findings supports the study by 
Mansour et al. [34] showing that AST, but not ALT and 
the AST/ALT ratio, was positively associated with fibro-
sis. However, it is important to note that normal values of 
liver function enzymes do not rule out the possibility of a 
significant stage of fibrosis [43, 44].

In addition to the ELF test, which is a proprietary 
fibrosis panel based on extracellular matrix proteins, we 
also applied the non-invasive NAFLD fibrosis score for 
assessment of fibrosis, a score developed specifically for 
NAFLD considering the parameters age, hyperglycemia, 
BMI, platelet count, albumin, and AST/ALT ratio. The 
ELF test has shown to be a better tool for assessment 
of fibrosis stage in NAFLD compared with the NAFLD 
fibrosis score [45], but the NAFLD fibrosis score largely 
matched the results of the ELF test in our study.

Our study had some limitations. Most patients were of 
White ethnicity (97%), thus the results may not be gen-
eralizable to other ethnicities. There is a moderate num-
ber of participants in the study. MRI with the modified 
Dixon method for estimation of LFF have demonstrated 
reduced accuracy when there is a low degree of steato-
sis in the liver. LFF values may even be negative as the 
signal intensity in liver is normalized to spleen. Hence, 
our study would have benefited from liver biopsy proven 
validation of the LFF values, especially for those in the no 
or low-grade steatosis group. Nevertheless, compared to 
a liver biopsy, MRI is non-invasive, without risk of pain, 
bleeding or risk of infection. The strength in our find-
ings regarding hepatic steatosis and insulin sensitivity is 
the use of several insulin sensitivity indices, recognizing 
that HOMA2S primarily is an insulin sensitivity-surro-
gate evaluating NAFLD for patients without T2D [46]. 
The European Liver Fibrosis study group has validated 
the ELF score. By now it is an expensive test, but it has 
shown good performance in differentiating fibrosis stages 
in NAFLD, with a better accuracy when combined with 
the NAFLD fibrosis score (over 90% in distinguishing 
severe fibrosis) [47]. However, the performance can be 
influenced by age and gender [48].

Conclusion
Our results showed that hepatic steatosis, but not the 
degree of liver fibrosis, was associated with different 
measures of insulin sensitivity in patients with mor-
bid obesity and T2DM. The observed discrepancy 
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between IGTT derived insulin sensitivity and measures 
of insulin sensitivity based on OGTT might indicate 
that the LFF is primarily associated with hepatic, and 
not peripheral insulin sensitivity. Patients with short 
duration of T2DM tended to have more steatosis while 
those with longer duration were more frequently pre-
sented with higher levels of fibrosis. To improve the 
diagnosis of NAFLD and the prediction of its progres-
sion, more studies are needed to reveal the pathological 
mechanistic pathways involved in NAFLD and insulin 
sensitivity in patients with obesity and T2DM.

Abbreviations
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body 
mass index; CI: Confidence interval; ELF: Enhanced liver fibrosis; FLI: Fatty 
liver index; GGT : Gamma-glutamyl-transferase; HDL: High density lipoprotein; 
HOMA2S: Homeostasis Model Assessment 2; IGTT : Intravenous glucose toler-
ance test; LFF: Liver fat fraction; MRI: Magnetic resonance imaging; NAFLD: 
Non-alcoholic fatty liver disease; OGTT : Oral glucose tolerance test; OSEBERG: 
Obesity Surgery in Tønsberg; SD: Standard deviation; T2DM: Type 2 diabetes 
mellitus; TG: Triglycerides; WC: Waist circumference.

Acknowledgements
We express our sincere gratitude to the participants, the patient representa-
tive, and to the study personnel at the Morbid Obesity Centre, Department 
of radiology and Department of surgery. In addition, we will express a special 
thanks to Linda Mathisen, Berit Mossing Bjørkås, Andreas Aarvik, Heidi Omre 
Fon, Hanna Lakso, and Karina Bautz, for their continuous efforts, enthusiasm, 
and patient care, thereby ensuring the collection of high-quality data in the 
Oseberg study.

Authors’ contributions
Conception and design: D.H., J.K.H., J.H. Analysis and interpretation of the 
data: K.A.S., D.H., H.B., J.O.G., F.F., L.T.S., N.P.K., M.S., J.K.H., J.H. Drafting of the 
article: K.A.S., D.H., H.B., J.K.H., J.H. Critical revision for important intellectual 
content: K.A.S., D.H., H.B., F.F., L.T.S., M.S., J.K.H., J.H. Provision of study materials 
or patients: D.H., L.T.S., M.S., J.K.H, J.H. Statistical expertise: K.A.S., D.H., H.B., 
J.K.H., J.H. Obtaining of funding: J.K.H., J.H. Administrative, technical, or logistic 
support: D.H., H.B., J.K.H., J.H. Collection and assembly of data: K.A.S., D.H., 
J.O.G., F.F., L.T.S., N.P.K., M.S., J.K.H., J.H. All authors reviewed the manuscript. The 
author(s) read and approved the final manuscript.

Funding
Vestfold Hospital Trust. Educational grant (PhD-fellow) from the South-Eastern 
Norway Regional Health Authority (KAS).

Availability of data and materials
Access to data collected from this study, including anonymized individual-
participant data, will be made available following publication upon e-mail 
request to the corresponding author (Kathrine Aglen Seeberg, UXSEEK@ siv. 
no). After approval of a proposal, data will be shared with investigators whose 
proposed use of the data has been approved by the Oseberg steering com-
mittee, according to the consent given by the participants and Norwegian 
laws and legislations.

Declarations

Ethics approval and consent to participate
The study was approved by the Regional Committees for Medical and Health 
Research Ethics in Norway (2012/1427/REK sør-øst B). All patients provided a 
written informed consent. All methods were carried out in accordance with 
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Morbid Obesity Centre, Vestfold Hospital Trust, Tønsberg, Norway. 2 Depart-
ment of Medicine, Vestfold Hospital Trust, Tønsberg, Norway. 3 Institute of Clini-
cal Medicine, University of Oslo, Oslo, Norway. 4 Department of Radiology, 
Vestfold Hospital Trust, Tønsberg, Norway. 5 Department of Surgery, Vestfold 
Hospital Trust, Tønsberg, Norway. 6 Department of Endocrinology, Morbid 
Obesity and Preventive Medicine, Institute of Clinical Medicine, University 
of Oslo, Oslo, Norway. 

Received: 29 April 2022   Accepted: 20 October 2022

References
 1. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al. Global 

burden of NAFLD and NASH: trends, predictions, risk factors and preven-
tion. Nat Rev Gastroenterol Hepatol. 2018;15(1):11–20.

 2. Petroni ML, Brodosi L, Bugianesi E, Marchesini G. Management of non-
alcoholic fatty liver disease. BMJ. 2021;372:m4747.

 3. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. 
Global epidemiology of nonalcoholic fatty liver disease-meta-analytic 
assessment of prevalence, incidence, and outcomes. Hepatology. 
2016;64(1):73–84.

 4. Pais R, Barritt AS, Calmus Y, Scatton O, Runge T, Lebray P, et al. NAFLD and 
liver transplantation: current burden and expected challenges. J Hepatol. 
2016;65(6):1245–57.

 5. Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mecha-
nisms of NAFLD development and therapeutic strategies. Nat Med. 
2018;24(7):908–22.

 6. Utzschneider KM, Kahn SE. Review: the role of insulin resistance in nonal-
coholic fatty liver disease. J Clin Endocrinol Metab. 2006;91(12):4753–61.

 7. Diehl AM, Day C. Cause, pathogenesis, and treatment of nonalcoholic 
steatohepatitis. N Engl J Med. 2017;377(21):2063–72.

 8. Sheka AC, Adeyi O, Thompson J, Hameed B, Crawford PA, Ikramuddin S. 
Nonalcoholic steatohepatitis: a review. JAMA. 2020;323(12):1175–83.

 9. Ballestri S, Zona S, Targher G, Romagnoli D, Baldelli E, Nascimbeni F, et al. 
Nonalcoholic fatty liver disease is associated with an almost twofold 
increased risk of incident type 2 diabetes and metabolic syndrome. 
Evidence from a systematic review and meta-analysis. J Gastroenterol 
Hepatol. 2016;31(5):936–44.

 10. Billeter AT, Senft J, Gotthardt D, Knefeli P, Nickel F, Schulte T, et al. 
Combined non-alcoholic fatty liver disease and type 2 diabetes mellitus: 
sleeve gastrectomy or gastric bypass?-a controlled matched pair study of 
34 patients. Obes Surg. 2016;26(8):1867–74.

 11. Lomonaco R, Bril F, Portillo-Sanchez P, Ortiz-Lopez C, Orsak B, Biernacki D, 
et al. Metabolic impact of nonalcoholic steatohepatitis in obese patients 
with type 2 diabetes. Diabetes Care. 2016;39(4):632–8.

 12. Lomonaco R, Godinez Leiva E, Bril F, Shrestha S, Mansour L, Budd J, et al. 
Advanced liver fibrosis is common in patients with type 2 diabetes 
followed in the outpatient setting: the need for systematic screening. 
Diabetes Care. 2021;44(2):399–406.

 13. Borgeraas H, Hjelmesaeth J, Birkeland KI, Fatima F, Grimnes JO, Gulseth 
HL, et al. Single-centre, triple-blinded, randomised, 1-year, parallel-group, 
superiority study to compare the effects of Roux-en-Y gastric bypass and 
sleeve gastrectomy on remission of type 2 diabetes and beta-cell func-
tion in subjects with morbid obesity: a protocol for the Obesity surgery in 
Tonsberg (Oseberg) study. BMJ Open. 2019;9(6):e024573.

 14. Cassidy FH, Yokoo T, Aganovic L, Hanna RF, Bydder M, Middleton MS, et al. 
Fatty liver disease: MR imaging techniques for the detection and quantifi-
cation of liver steatosis. Radiographics. 2009;29(1):231–60.

 15. Ma X, Holalkere NS, Kambadakone RA, Mino-Kenudson M, Hahn PF, 
Sahani DV. Imaging-based quantification of hepatic fat: methods and 
clinical applications. Radiographics. 2009;29(5):1253–77.

 16. Firneisz G. Non-alcoholic fatty liver disease and type 2 diabetes mellitus: 
the liver disease of our age? World J Gastroenterol. 2014;20(27):9072–89.

UXSEEK@siv.no
UXSEEK@siv.no


Page 12 of 12Seeberg et al. BMC Gastroenterology          (2022) 22:448 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 17. Esterson YB, Grimaldi GM. Radiologic imaging in nonalcoholic 
fatty liver disease and nonalcoholic steatohepatitis. Clin Liver Dis. 
2018;22(1):93–108.

 18. Xiao G, Zhu S, Xiao X, Yan L, Yang J, Wu G. Comparison of laboratory tests, 
ultrasound, or magnetic resonance elastography to detect fibrosis in 
patients with nonalcoholic fatty liver disease: a meta-analysis. Hepatol-
ogy. 2017;66(5):1486–501.

 19. Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione 
A, et al. The fatty liver index: a simple and accurate predictor of hepatic 
steatosis in the general population. BMC Gastroenterol. 2006;6:33.

 20. Cuthbertson DJ, Weickert MO, Lythgoe D, Sprung VS, Dobson R, Shoajee-
Moradie F, et al. External validation of the fatty liver index and lipid accu-
mulation product indices, using 1H-magnetic resonance spectroscopy, to 
identify hepatic steatosis in healthy controls and obese, insulin-resistant 
individuals. Eur J Endocrinol. 2014;171(5):561–9.

 21. Day J, Patel P, Parkes J, Rosenberg W. Derivation and performance of 
standardized enhanced liver fibrosis (ELF) test thresholds for the detec-
tion and prognosis of liver fibrosis. J Appl Lab Med. 2019;3(5):815–26.

 22. Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet. 
2021;397(10290):2212–24.

 23. Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A, Schuppan D, et al. 
Serum markers detect the presence of liver fibrosis: a cohort study. 
Gastroenterology. 2004;127(6):1704–13.

 24. Polyzos SA, Slavakis A, Koumerkeridis G, Katsinelos P, Kountouras J. Non-
invasive liver fibrosis tests in patients with nonalcoholic fatty liver disease: 
an external validation cohort. Horm Metab Res. 2019;51(2):134–40.

 25. Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, et al. The 
NAFLD fibrosis score: a noninvasive system that identifies liver fibrosis in 
patients with NAFLD. Hepatology. 2007;45(4):846–54.

 26. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. 
Diabetes Care. 2004;27(6):1487–95.

 27. HOMA2 Calculator Oxford, uk,: University of Oxford, Diabetes Trials Unit; 
2019. Available from: https:// www. dtu. ox. ac. uk/ homac alcul ator. Accessed 
31 Aug 2021.

 28. Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from oral 
glucose tolerance testing: comparison with the euglycemic insulin 
clamp. Diabetes Care. 1999;22(9):1462–70.

 29. Hofso D, Fatima F, Borgeraas H, Birkeland KI, Gulseth HL, Hertel JK, et al. 
Gastric bypass versus sleeve gastrectomy in patients with type 2 diabetes 
(Oseberg): a single-centre, triple-blind, randomised controlled trial. 
Lancet Diabetes Endocrinol. 2019;7(12):912–24.

 30. Godoy-Matos AF, Silva Júnior WS, Valerio CM. NAFLD as a continuum: 
from obesity to metabolic syndrome and diabetes. Diabetol Metab Syndr. 
2020;12:60.

 31. Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N, et al. The 
global epidemiology of NAFLD and NASH in patients with type 2 diabe-
tes: a systematic review and meta-analysis. J Hepatol. 2019;71(4):793–801.

 32. Kotronen A, Juurinen L, Hakkarainen A, Westerbacka J, Cornér A, Berg-
holm R, et al. Liver fat is increased in type 2 diabetic patients and under-
estimated by serum alanine aminotransferase compared with equally 
obese nondiabetic subjects. Diabetes Care. 2008;31(1):165–9.

 33. Mantovani A, Byrne CD, Bonora E, Targher G. Nonalcoholic fatty liver dis-
ease and risk of incident type 2 diabetes: a meta-analysis. Diabetes Care. 
2018;41(2):372–82.

 34. Mansour A, Mohajeri-Tehrani MR, Samadi M, Gerami H, Qorbani M, 
Bellissimo N, et al. Risk factors for non-alcoholic fatty liver disease-
associated hepatic fibrosis in type 2 diabetes patients. Acta Diabetol. 
2019;56(11):1199–207.

 35. Barb D, Repetto EM, Stokes ME, Shankar SS, Cusi K. Type 2 diabe-
tes mellitus increases the risk of hepatic fibrosis in individuals with 
obesity and nonalcoholic fatty liver disease. Obesity (Silver Spring). 
2021;29(11):1950–60.

 36. Buzzetti E, Pinzani M, Tsochatzis EA. The multiple-hit pathogenesis of non-
alcoholic fatty liver disease (NAFLD). Metabolism. 2016;65(8):1038–48.

 37. Vanni E, Bugianesi E, Kotronen A, De Minicis S, Yki-Järvinen H, Svegliati-
Baroni G. From the metabolic syndrome to NAFLD or vice versa? Dig Liver 
Dis. 2010;42(5):320–30.

 38. Hazlehurst JM, Woods C, Marjot T, Cobbold JF, Tomlinson JW. Non-alco-
holic fatty liver disease and diabetes. Metabolism. 2016;65(8):1096–108.

 39. Abdul-Ghani MA, Matsuda M, Balas B, DeFronzo RA. Muscle and liver 
insulin resistance indexes derived from the oral glucose tolerance test. 
Diabetes Care. 2007;30(1):89–94.

 40. Williamson RM, Price JF, Glancy S, Perry E, Nee LD, Hayes PC, et al. Preva-
lence of and risk factors for hepatic steatosis and nonalcoholic fatty liver 
disease in people with type 2 diabetes: the Edinburgh type 2 diabetes 
study. Diabetes Care. 2011;34(5):1139–44.

 41. Birkenfeld AL, Shulman GI. Nonalcoholic fatty liver disease, hepatic insulin 
resistance, and type 2 diabetes. Hepatology. 2014;59(2):713–23.

 42. Petta S, Eslam M, Valenti L, Bugianesi E, Barbara M, Cammà C, et al. Meta-
bolic syndrome and severity of fibrosis in nonalcoholic fatty liver disease: 
an age-dependent risk profiling study. Liver Int. 2017;37(9):1389–96.

 43. Mofrad P, Contos MJ, Haque M, Sargeant C, Fisher RA, Luketic VA, et al. 
Clinical and histologic spectrum of nonalcoholic fatty liver disease associ-
ated with normal ALT values. Hepatology. 2003;37(6):1286–92.

 44. Williamson RM, Price JF, Hayes PC, Glancy S, Frier BM, Johnston GI, et al. 
Prevalence and markers of advanced liver disease in type 2 diabetes. 
QJM. 2012;105(5):425–32.

 45. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The 
diagnosis and management of nonalcoholic fatty liver disease: practice 
guidance from the American Association for the Study of Liver Diseases. 
Hepatology. 2018;67(1):328–57.

 46. European Association for the Study of the Liver (EASL). EASL-EASD-EASO 
Clinical Practice Guidelines for the management of non-alcoholic fatty 
liver disease. J Hepatol. 2016;64(6):1388–402.

 47. Guha IN, Parkes J, Roderick P, Chattopadhyay D, Cross R, Harris S, et al. 
Noninvasive markers of fibrosis in nonalcoholic fatty liver disease: validat-
ing the European Liver Fibrosis Panel and exploring simple markers. 
Hepatology. 2008;47(2):455–60.

 48. Vilar-Gomez E, Chalasani N. Non-invasive assessment of non-alcoholic 
fatty liver disease: clinical prediction rules and blood-based biomarkers. J 
Hepatol. 2018;68(2):305–15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.dtu.ox.ac.uk/homacalculator

	Association between hepatic steatosis and fibrosis with measures of insulin sensitivity in patients with severe obesity and type 2 diabetes - a cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Study design and participants
	Variables and data measurement
	Hepatic steatosis
	Liver fibrosis
	Insulin sensitivity
	Laboratory tests
	Study size

	Statistical analyses

	Results
	Participant flow and baseline characteristics
	Measures of insulin sensitivity and clinical characteristics by level of hepatic steatosis
	Measures of insulin sensitivity and clinical characteristics by level of liver fibrosis

	Discussion
	Conclusion
	Acknowledgements
	References


