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Elevated glucagon and
postprandial hyperglycemia

in fatty liver indicate early
glucose intolerance in metabolic
dysfunction associated steatotic
liver disease

Rieko Oikawa'"“, Yumiko Nakanishi', Keiji Fujimoto?, Asako Wakasa®, Mizuho Iwadare?,
Haruka Kawanami Iwao?, Ryoko Ishida® & Kunimitsu lwai!

In Japan, fatty liver cases with elevated body mass index are increasing. Because of being non-
malignant, these are often neglected unless accompanied by diabetes. This study investigated the risk
of glucose intolerance in individuals with non-alcoholic fatty liver. We included 165 men (mean age
56.3 years; range 29-75 years) who underwent an overnight 2-day physical examination at our Health
Evaluation Center. All patients underwent abdominal ultrasonography to examine fatty liver. Fasting
blood glucose and 75-g glucose tolerance test (OGTT) were conducted. alanine aminotransferase (ALT)
(p <0.01) and triglyceride (p < 0.001) levels were significantly higher in the fatty liver group (FL) than in
the non-fatty liver group. HbA1c, fasting blood glucose, and blood glucose level at OGTT (0 and 30 min)
did not show significant differences. In the FL, OGTT was significantly elevated at 60 min(p < 0.01)and
120 min (p < 0.001), insulin level was significantly elevated at 0 and 30 min (p < 0.001), and glucagon
level was significantly elevated at 0 min (p <0.05) and 30 min (p < 0.01), with no significant differences
between the groups at 60 and 120 min. This is the first study to demonstrate elevated glucagon levels
after OGTT. Metabolic dysfunction-associated steatotic liver disease (MASLD) requires treatment for
insulin resistance with glucagon dysregulation likely associated with its pathogenesis.
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In Japan, many people undergo annual health check-ups at their workplaces or by local governments. Although
the number of fatty liver cases with increased body mass index (BMI) and abnormal alanine aminotransferase
levels has been increasing in Japan since the outbreak of COVID-19!, fatty liver disease is often overlooked unless
complicated by diabetes or hyperlipidemia, as it is not considered malignant. Fatty liver disease can be divided
into alcoholic and non-alcoholic forms. The individuals in this study had Metabolic Dysfunction-Associated
Steatotic Liver Disease (MASLD), which is a fatty liver disease without a history of alcohol consumption (20 g/
day or less in men and 10 g/day or less in women). Liver diseases caused by other factors, such as viral hepatitis,
were excluded. The prevalence of MAFLD is approximately 24% worldwide and approximately 25% in Japan?.
The majority of MAFLD cases are nonalcoholic fatty liver (NAFL), of which 2-3% are Metabolic Dysfunction
Associated Steatohepatitis (MASH). MAFLD is a common cause of MASH, which may progress to cirrhosis
or liver cancer®. NAFL is becoming the most important cause of cirrhosis and liver cancer in the future, as
viral hepatitis is decreasing and the obese population is increasing. Systemic insulin resistance increases
lipolysis, leading to an influx of free fatty acids into the liver and promoting triglyceride synthesis in hepatocytes
(aggravation of NAFL). Additionally, Kupfter cells are activated to phagocytose hepatocytes, which accumulate
fat and undergo apoptosis, leading to chronic inflammation and fibrosis (progression to MASH). In fact, the
degree of insulin resistance, as determined by glucose tolerance test results in patients with NAFL without
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diabetes, correlates with the degree of fibrosis on liver biopsy histology, as determined by the glucose tolerance
test results. Furthermore, diabetes has been reported as a risk factor for the progression of NAFL to MASH.
Conversely, the presence of NAFL doubles the risk of developing type 2 diabetes®. Therefore, early intervention
and treatment of impaired glucose tolerance are necessary to detect NAFL at an early stage and prevent its
progression to MASH.

However, as mentioned above, simply noting NAFL without abnormal blood sampling data during a physical
examination is not sufficient to warrant therapeutic intervention under the current circumstances, as the patient
is treated as a healthy individual. The Kanazawa Medical University Health Evaluation Center conducts physical
examination for approximately 4,000 patients every year, and many of them are diagnosed with fatty liver on
abdominal ultrasound examination. In fact, 265 men (2,710 in total) diagnosed with an NAFL underwent
abdominal ultrasound in 2019. Moreover, most patients had fasting plasma glucose (FPG) and HbAlc levels
in the normal range, with no data suggesting diabetes. Although a 75 g oral glucose tolerance test (OGTT) is
useful to detect insulin resistance in MAFLD cases®, the relationship between NAFL and 75 g OGTT results
has not been studied in patients undergoing health check-ups. Furthermore, glucagon, along with insulin, is a
hormone involved in blood glucose regulation that is suppressed after meals. In MAFLD, the plasma glucagon
concentration increases, possibly indicating hepatic glucagon resistance’. To investigate the relationship between
MAFLD and glucose intolerance, we divided the health check-up patients into two groups, one with fatty liver
and the other without fatty liver, by abdominal ultrasonography and examined the glucose and glucagon level
variation in the 75 g OGTT.

Methods

This study included 165 male patients, mean age 56.3 years (29-75 years), who underwent an overnight 2-day
physical examination course at our Health Evaluation Center from October 2021 to March 2023. Approval for
this study was obtained from the Institutional Review Board of Kanazawa Medical University (approval number:
1634). The study was performed in accordance with relevant guidelines and regulations, and written informed
consent was obtained from all participants. The patients were not treated for diabetes or hyperlipidemia. They
were hepatitis B antigen-negative and hepatitis C antibody-negative and were not complicated by other liver
diseases such as viral hepatitis autoimmune hepatitis, drug-induced hepatitis, or liver cancer. Abdominal
ultrasound revealed a fatty liver, including hyperintense liver parenchyma, positive hepatorenal contrast,
obscured intrahepatic vasculature, and deep echogenic attenuation of the liver. Daily net al.cohol intake was
<30 g (criteria for NAFLD). Blood samples were collected to measure platelets, fasting blood glucose, HbAlc,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), y-Glutamyl Trans Peptidase (yGTP),
triglycerides, LDL cholesterol, non-HDL cholesterol, and 1,5 anhydro-D glucitol (1,5 AG)3as indicators reflecting
postprandial hyperglycemia. A 75 g oral glucose tolerance test was performed under fasting conditions for at
least 10 h, and blood glucose and glucagon (ELISA)? were measured at 0, 30, 60, and 120 min. Insulin was
measured by ELISA at 0 and 30 min. Homeostatic Model Assessment for Insulin Resistance (HOMA-IR (fasting
insulin x fasting blood glucose/405)) was calculated. FIB-4 index (age x AST (IU/1)/(platelets (10°/1) x VALT
(ID/1))!° was calculated for scoring liver fibrosis. Patients were divided into four groups: (1) no fatty liver and
FIB-4 index of < 1.3; (2) no fatty liver and FIB-4 index of >1.3; (3) fatty liver and FIB-4 index of <1.3; and (4)
fatty liver and index of > 1.3. Significant difference tests for patient background, liver function, lipid, and glucose
metabolism between the groups were performed using the median and Kruskall-Wallis tests. The risk factors
related to lipid and glucose metabolism and a fatty liver were further examined by univariate logistic regression
analysis. To examine the usefulness of the FIB-4 index, non-parametric multiple comparisons (Dunn’s test) were
performed to determine significant differences between (1) and (2), (3), and (4).

Results

Table 1 presents the background characteristics of the 165 patients. Of the total number of patients, 88 had
no fatty livers (FIB4 index:1.3>/n=61 and 1.3</n=27) and 77 had fatty livers (FIB4 index:1.3>/n=59 and
1.3</n=18). The group with fatty liver had significantly higher age (p <0.001), body weight (p <0.001) and
BMI (p <0.001) than the non-fatty liver group, suggesting a tendency toward older individuals and obesity in
the group with a fatty liver. Table 2 displays the results of blood sampling. AST(p <0.001), ALT(p <0.01), and
YGTP(p <0.01) levels were significantly higher in the fatty liver group. The platelet count and triglyceride levels

Fatty liver(-) Fatty liver(+)
FIB-4 index | 1.3> 132 1.3> 132 p-value
N 61 27 59 18
51 66" 50" 68"
Age (years) <0.001
(33-72) (56-75) (29-75) (57-74)
67.4 66.5 74.9" 73.5
Weight (kg) <0.001
(53.2-95.7) | (44.6-82.1) | (58.3-101.2) | (61.8-99.0)
22.8 22.9 24.8" 25.67"
BMI <0.001
(17.6-27.8) | (18.2-28.0) | (20.4-31.8) | (21.9-32.7)

Table 1. Clinical characteristics. Upper: Median; lower: range(maximum-minimum); p-value: Kruskall-Wallis
test. *vs. FL(-)/1.3>,**vs. FL(-)/1.3<. BMI, Body Mass Index.
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Fatty liver(-) Fatty liver(+)

FIB-4 index 1.3> 135 1.3> 135 p-value
19 21 21 27"

AST(U/L) <0.001
(13-41) (16-50) (14-51) (19-76)
20 19 27 327"

ALT(U/L) <0.01
(7-43) (13-52) (10-125) | (11-132)
26 25 36 45

YGTP(U/L) <0.01
(11-189) | (12-82) (10-704) | (19-112)
258 208 268" 224"

Platelets <0.001
(170-395) | (133-331) | (208-462) | (145-265)
92 90 129" 153"

Triglycerides <0.001
(35-290) | (37-217) | (51-785) | (42-930)
122 120 127 126

LDL-C 0.3178
(65-182) | (63-190) | (49-190) | (73-194)
62 62" 53 54

HDL-C <0.01
(34-100) | (38-103) | (33-88) (39-94)

Table 2. Clinical characteristics. Upper: Median; lower: range (maximum-minimum); p-value: Kruskall-
Wallis test. *vs. FL(-)/1.3>, **vs. FL(-)/1.3<. ALT, alanine aminotransferase; AST, aspartate aminotransferase;
YGTP, y-Glutamyl Trans Peptidase; LDL-C, Low Density Lipoprotein cholesterol; HDL-C, High Density
Lipoprotein cholesterol.

were significantly elevated in the fatty liver group (P<0.001); however, HbAlc levels showed no significant
difference. The results of the association analysis between fatty liver disease and glucose metabolism-related
parameters are shown in Table 3. Fasting blood glucose and 75 g glucose tolerance test at 0 min and 30 min were
not significantly different between the two groups, but the values at 60 min (p <0.01) and 120 min (p <0.001)
were significantly elevated in the group with fatty liver. The immunoreactive insulin (IRI) level was significantly
elevated in the fatty liver group at 0 min (p <0.001) and 30 min (p <0.001). HOMA-IR was significantly elevated
in the fatty liver group (p <0.001). Glucagon levels measured during the glucose tolerance test were significantly
elevated in the fatty liver group at 0 min (p < 0.05) and 30 min (p < 0.01); however, no significant differences were
observed between the four groups at 60 and 120 min. 1.5 AG levels were not significantly different between the
two groups (Table 3). The risk factors for fatty liver disease were examined using univariate logistic regression
analysis (Table 4). The results showed that the 60- and 120-min glucose tolerance test, 0- and 30-min insulin,
and 0-min glucagon were risk factors, with odds ratios (95% confidence interval) of 1.008 (1.001-1.015), 1.015
(1.006-1.024), 1.329 (1.177-1.502), 1. 019 (1.007-1.031), and 1.042 (1.010-1.074), respectively. HbAlc and
1.5 AG levels were not considered risk factors (Table 4). The association between fatty liver disease and lipid
levels was examined using univariate logistic regression analysis (Table 5). The results showed that triglycerides,
HDL cholesterol, and non-HDL cholesterol were associated with fatty liver with odds ratios (95% confidence
intervals) of 1.013 (1.007-1.015), 1.018 (1.007-1.028), and 0.959 (0.936-0.982), respectively. LDL cholesterol
levels were not significantly associated (Table 5). Finally, the FIB-4 index was calculated, and its relevance to
fatty liver was examined. Patients with and without fatty livers were further divided into two groups according
to the FIB-4 index value. These consisted of: (1) a non-fatty liver group: FIB4 < 1.3:61 cases; (2) a non-fatty liver
group: FIB4>1.3:27 cases; (3) a fatty liver group: FIB4 < 1.3:59 cases; and (4) a fatty liver group: FIB4 >1.3:18
cases. Nonparametric multiple comparisons (Dunn’s test) were performed to see if groups (2), (3), and (4) were
significantly different from group (1). No significant differences were found in fasting blood glucose, HbAlc,
and 1,5 AG between groups (2), (3), and (4) compared to group (1). The 120-min glucose tolerance test values
were considerably higher in the fatty liver groups (3) and (4) than in the fatty liver group (1). IRI levels before
the glucose tolerance test were markedly higher in groups (3) and (4) than in group (1). Glucagon levels were
considerably higher in groups (3) and (4) than in group (1) 30 min after the glucose tolerance test (Fig. 1). In
conclusion, compared to healthy individuals without fatty liver and with an FIB-4 index of < 1.3, those with
fatty liver showed postprandial hyperglycemia, elevated insulin levels and elevated glucagon levels after glucose
loading. It suggests that these factors are involved in fatty liver.

Discussion

The study results from individuals undergoing physical check-ups showed that the group with fatty liver detected
by abdominal ultrasonography was more frequently complicated by abnormal glucose metabolism compared
to the non-fatty liver group, even in the absence of a formal diagnosis of diabetes. In particular, postprandial
hyperglycemia, which is a high 120-min value in a glucose tolerance test, is strongly associated with a fatty liver,
even if fasting blood glucose and HbA 1c levels are not elevated. In addition, IRI was markedly higher in the fatty
liver group in the 0- and 30-min glucose tolerance tests, and HOMA-IR was also elevated, suggesting that the
fatty liver group was at a risk of insulin resistance. Glucagon levels were also higher in the fatty liver group 30 min
after glucose loading. In fact, it has been reported that glucagon levels are markedly elevated and sustained in
individuals with type 2 diabetes compared to healthy individuals after a glucose tolerance test!!. Additionally,
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Fatty liver(-) Fatty liver(+)
FIB-4 index | 1.3> 135 1.3> 135 p-value
94 93 97 97
FPG 0.1975
(76-119) | (88-137) | (83-120) | (87-121)
Glucose 95 96 99 100
0.2610
éﬁ?ﬂ?GTT (81-125) | (83-141) | (83-120) | (85-118)
Glucose 157 177 171 184
0.0139
%5H§ig)GTT (114-218) | (121-260) | (119-214) | (112-234)
Glucose 156 184 188" 224"
<0.01
g)snfig)GTT (60-281) | (100-270) | (88-281) | (145-265)
Glucose 111 123 133" 149
<0.001
(172%%1?5)“ (68-224) | (61-247) | (75-257) | (60-218)
IRI 5.8 42 8/ 7.8
<0.001
gﬁ?ﬂ?GTT (23-13) | (1.9-204) | (35-192) | (3.5-48.4)
IRI 33.6 25.7 44" 53.4
<0.001
%Srﬁig)GTT (7.5-202.5) | (7.5-89.8) | (16.1-240.6) | (21.3-167.7)
0.55 0.3 0.57" 0.59"
IRI/BS <0.01
(0.07-7.25) | (0.07-0.88) | (0.13-3.81) | (0.22-2.21)
232 19.3 207 217
15AG 0.2076
(46-40.1) | (7-347) | (8.7-37.4) | (8.8-43.1)
Glucagon 241 18.1 266" 27.6
<0.05
gﬁ?ﬂ?GTT (10.5-47.3) | (7.9-45.7) | (4-62.9) (14.4-46.4)
Glucagon 12.8 13 16.17 226"
<0.01
ggsrﬁig)GTT (3.5-42.9) | (47-114.6) | (8-43.7) | (8.2-19.9)
Glucagon 9.05 9.5 12.3 133
0.0143
gzsnfig)GTT (35-288) | (3.5-98.8) |(3.9-32.9) | (4.2-38.4)
Glucagon 9.4 10.5 10.1 11.6
0.3426
gz%i?rgﬁ (16-30.4) | (3.5-77.1) | (3.8-227) | (63-50.7)
HOMA-R 1.27 1 1.68"7" 1.937" <0.001
(0.58-3.24) | (0.40-7.85 | (0.53-491) | (0.98-12.67)
5.7 5.8 5.7 5.8
HbAlc 0.2426
(5.1-6.3) | (46-65) | (5.1-64) | (4.7-6.4)

Table 3. Glucose tolerance related indicators. Upper: Median; lower: range(minimum-maximum); p-value:
Kruskall-Wallis test. *vs. FL(-)/1.3>, **vs. FL(-)/1.3<. FPG, Fasting plasma glucose; 75 g OGTT, a 75 g oral
glucose tolerance test; IRI, immunoreactive insulin; IRI/BS, initial insulin secretion; 1.5 AG, 1-5 anhydro-D
glucitol;, HOMA-R, Homeostatic Model Assessment for Insulin Resistance.

hepatic glucagon resistance causes the dysregulation of lipid and amino acid/protein metabolism in MAFLD,
leading to excessive fat accumulation, hyperglucagonemia, and increased oxidative stress, which may contribute
to MAFLD deterioration’. In this study, glucagon levels decreased in patients with diabetes mellitus, even in those
without a diagnosis of diabetes, and glucagon depletion was delayed, suggesting that glucagon may be involved
in the progression of MAFLD from an earlier stage. Recently, the efficacy of glucagon-like peptide-1 (GLP-1)
receptor agonists has been reported for the treatment of MASH/MAFLD, as they promote insulin secretion,
improve hepatic glucose metabolism, and suppress appetite by inhibiting glucagon secretion!?!3. In addition, it
has been reported that GLP-1 receptor agonists reduced not only blood glucose but also ALT, body weight, and
the AST/platelet ratio in patients with type 2 diabetes and MAFLD!2. Furthermore, animal studies have reported
that GLP-1 receptor agonists improve steatohepatitis'*. The fact that the present study also showed an increase in
glucagon in the state of simple fatty liver without complications of diabetes suggests that administration of GLP-
1 receptor agonists in the uncomplicated state of diabetes may treat MAFLD at an early stage, indicating that
administration of GLP-1 receptor agonists in the absence of diabetes mellitus may be able to treat MAFLD early.

However, since an association between insulin resistance and the development of sarcopenia has recently
been reported!®and taking GLP- inhibitors has been reported to further increase the risk of sarcopenia'é, the
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P OR | 95%CI
75 g GTT (0 min) 0.26 | 1.019 | 0.986-1.052
75 g GTT (30 min) 0.081 | 1.012 | 0.999-1.025
(
(

75g GTT (60 min) | <0.05 | 1.008 | 1.001-1.015
75g GTT (120 min) | <0.05 | 1.015 | 1.006-1.024

IRI (0 min) <0.05 | 1.329 | 1.177-1.502
IRI (30 min) <0.05 | 1.019 | 1.007-1.031
IRI/BS 0.236 | 1.332 | 0.829-2.142
1.5 AG 0.388 | 0.982 | 0.941-1.024
HbAIc 0.358 | 1.592 | 0.591-4.285

Glucagon (0 min) <0.05 | 1.042 | 1.010-1.074
Glucagon (30 min) 0.109 | 1.025 | 0.994-1.057
(
(

Glucagon (60 min) | 0.548 | 1.009 | 0.980-1.038
Glucagon (120 min) | 0.585 | 0.991 | 0.959-1.024

Table 4. Risk factors associated with fatty liver in glucose metabolism. Univariate logistic regression analysis.

P OR | 95%CI
Triglyceride <0.05 | 1.013 | 1.007-1.019
LDL-Chol 0.053 | 1.012 | 1.000-1.023
nonHDL-Chol | <0.05 | 1.018 | 1.007-1.028
HDL-Chol <0.05 | 0.959 | 0.936-0.982

Table 5. Risk factors associated with fatty liver in lipids. Univariate logistic regression analysis.

effect on muscle health should also be considered when prescribing drug therapy for fatty liver aimed at weight
loss.

Health examinations commonly evaluate glucose intolerance mainly based on fasting blood glucose and
HbA1lc values. In contrast, in this study, the 120-min glucose tolerance test value was considerably elevated
in the group with fatty liver whose fasting blood glucose and HbA1c values were not elevated. It indicates that
in the hidden stage of diabetes that is not diagnosed in the health examination, postprandial hyperglycemia
was thought to play a remarkable role in the formation of fatty liver. Fatty liver is caused by hyperglycemia
and hyperinsulinemia as well as increased triglyceride synthesis in the liver, as free fatty acids entering the
liver are a source of triglycerides. Moreover, hyperinsulinemia and endoplasmic reticulum stress suppress the
production of very low density lipoprotein'”. It has also been reported that insulin resistance associated with the
formation of fatty liver may have an inflammatory background. Insulin resistance is associated with a decrease
in omentin, a type of adiphoktin'®, and an elevated uric acid to HDL cholesterol ratio is useful as a new indicator
of type 2 diabetes and metabolic syndrome!*-2!. In addition, type 2 diabetes and obesity have been reported
to be associated with mean platelet volume (MPV) as a new inflammatory marker??, and MPV has also been
suggested to be associated with hepatitis B-related liver fibrosis®. In this study, we did not examine markers that
link insulin resistance to inflammation. We would like to determine in the future whether inflammatory markers
are elevated before the diagnosis of diabetes mellitus.

To date, when fatty liver is detected during health check-ups, the main focus of guidance has been on lipid
control, particularly triglyceride control. High insulin and blood glucose levels are believed to be contributing
factors.

However, performing a glucose tolerance test during every physical examination is unrealistic, and hidden
postprandial hyperglycemia may often go undetected when fasting blood glucose and HbA1c levels are normal.
Therefore, we thought that 1,5 AG might be useful as a value that reflects glucose metabolism even earlier than
HbAlc. 1,5 AG is a sugar alcohol whose structure is similar to that of glucose and is mainly consumed in the
diet; 99% of 1,5 AG is reabsorbed in the renal tubules in normal conditions. Under normal conditions, the
concentration of 1,5 AG in the blood remains constant. However, increased urinary glucose excretion owing
to postprandial hyperglycemia, for example, inhibits reabsorption, resulting in decreased blood 1,5 AG levels®.
In this study, 1,5 AG was measured in all patients and significant differences (P < 0.05) were found between the
two groups; however, no significant differences were found between the group with fatty liver and non-fatty
liver groups (Table 4). This may be due to many individuals reducing their food intake in the days leading to
the check-ups, making 1,5 AG an unreliable indicator of postprandial hyperglycemia during the examinations.

Recently, the FIB-4 index (age x AST(IU/1)/(platelets(109/1) x VALT(ID/])) has been recommended as one of
the screening tests to examine whether liver fibrosis develops from NAFL to MASH!°.

Alow cut-off value of 1.30 or less for the FIB-4 index indicates a low probability of liver fibrosis, whereas a high
cut-off value of 2.67 or more indicates a high probability of fibrosis, and referral to a specialist is recommended?*.
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Fig. 1. No significant differences were found in fasting blood glucose, HbAlc, and 1,5 AG between groups

(2), (3), and (4) compared to group (1). The 120-min glucose tolerance test values, IRI levels before the glucose
tolerance test, and glucagon levels (OGTT 30 min) were significantly higher in the fatty liver groups (3) and (4)
than in the fatty liver group (1). IRL: immunoreactive insulin.

In this study, the FIB-4 index was measured in all individuals, and no individual had an FIB-4 index of 2.67
or higher. We further divided the groups with and without fatty liver into two groups, one with an FIB-4 index of
< 1.3 and the other with an FIB-4 index of > 1.3, with a boundary of 1.3%, which is said to have a low potential
for liver fibrosis, for a total of four groups.

Scientific Reports|  (2024) 14:29916 | https://doi.org/10.1038/s41598-024-81663-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

The results showed that the 120-min glucose tolerance test, IRI (0 min), and glucagon (30 min) were
considerably higher in the “with fatty liver, FIB-4 index < 1.3” and “with fatty liver, FIB-4 index> 1.3” groups
than in the “non-fatty liver, FIB-4 index < 1.3” group (Fig. 1).

Regarding insulin resistance and MAFLD, previous studies have reported that insulin resistance modulates
CYP7B1 and promotes the transition to MASH by causing the accumulation of oxysterols?.

Our results also indicate that for patients with a fatty liver and an FIB-4 index of 1.3 or higher, even if
not accompanied by diabetes mellitus, aggressive intervention such as diet and exercise guidance is necessary
when postprandial hyperglycemia owing to insulin hypersecretion or sustained high glucagon levels is observed,
even if insulin resistance is not suspected. In addition, the “fatty liver and FIB-4 index <1.3” group, which is
acceptable for follow-up observation, also showed a marked increase in blood glucose level at 120 min after the
meal, and therefore, regardless of the FIB-4 index value, when a fatty liver is detected, aggressive intervention is
necessary because postprandial hyperglycemia is considered to be a background cause.

In this study, individuals with fatty livers were divided into four groups: those with and without fatty liver,
and more or less than 1.3 of FIB-4 index. In the fatty liver group, even if fasting blood glucose and HbA1c levels
were normal, elevated blood glucose(120 min), IRI(0 min), and glucagon levels(30 min) after glucose loading
were observed in the OGTT.

Reports indicate a higher prevalence of MAFLD in patients with diabetes mellitus complications owing to
insulin resistance and that they are more likely to progress to MASH?’; however, NAFL and glucose intolerance/
glucagon levels have not been studied in healthy individuals. This study indicated that the presence of fatty liver
(NAFL) in individuals with normal fasting blood glucose and HbA1c levels is associated with impaired glucose
tolerance and glucagon metabolism, which may also influence the development of diabetes mellitus.

However, this study was limited to individuals who underwent physical examinations, resulting in an
insufficient broad sample for a comprehensive analysis. Furthermore, as the study included only men and
excluded women, it remains unclear whether these findings apply to populations in other gender. Future studies
should aim to expand the scope of coverage to address this limitation. Although the combination of MAFLD and
liver insulin resistance predisposes to diabetes?, this study is the first to show that glucagon levels are elevated
after a glucose tolerance test. MAFLD has been reported to require treatment for insulin resistance?. In order
to evaluate the glucagon dysregulation in the risk of MAFLD, we plan to include a larger sample size in future
studies.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available because of privacy
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