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ABSTRACT

Aims/Introduction: We explored the association between fatty liver and pancreatic
B-cell dysfunction in a general population.

Materials and Methods: This cross-sectional study included 489 (53.8% women) com-
munity-dwelling Japanese adults. The extent of fatty liver was estimated using the fatty
liver index (FLI). After all participants were divided into three groups — low (FLI <30), mod-
erate (30 <FLI <60) or high (FLI > 60) degree of fatty liver — serum proinsulin levels trans-
formed into natural logarithms were compared among the three groups. To determine
whether obesity modified the association of interest, the participants were stratified into
two groups according to the median body mass index. Next, to determine whether
hyperinsulinemia modified the association of interest, a similar stratified analysis was car-
ried out using the median serum insulin level.

Results: Logarithm (proinsulin) was significantly higher in the high FLI group than in
the moderate and low groups, and it was significantly higher in the moderate group than
in the low group after adjustment for age and sex (P < 0.05). Logarithm (proinsulin) was
significantly higher in the high FLI group than in the low FLI group, regardless of body
mass index, after adjustment for age and sex. A similar pattern was observed regardless of
serum insulin levels.

Conclusions: The degree of fatty liver was positively associated with proinsulin level,
regardless of the presence of obesity or hyperinsulinemia, suggesting that fatty liver
reflects pancreatic B-cell dysfunction.
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INTRODUCTION pancreatic B-cells is declined, but higher insulin resistance does

Type 2 diabetes is characterized by two major features: insulin
resistance and impaired insulin secretion from pancreatic
B-cells'. Not only with type 2 diabetes, but also with predia-
betes status, both higher insulin resistance and lower insulin
secretion have already developed”. At the onset of type 2 dia-
betes, there is already a significant reduction in B-cell function.
With type 2 diabetes status, the insulin secretion from
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not continue to worsen®. Therefore, impaired B-cell function
plays a key role in the development of type 2 diabetes.

The prevalence of non-alcoholic fatty liver disease (NAFLD)
is strikingly increasing’. Developing hepatic steatosis in NAFLD
ranges from non-alcoholic fatty liver to non-alcoholic steato-
hepatitis. Non-alcoholic steatohepatitis frequently progresses to
cirrhosis of the liver and hepatocellular carcinoma®. The preva-
lence of NAFLD also increases remarkably in patients with
type 2 diabetes. A previous study found that 45% of patients
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with type 2 diabetes had a history of NAFLD’. NAFLD signifi-
cantly increases the risk of incident type 2 diabetes and meta-
bolic syndrome®’. A number of studies have shown an
association between the advance of NAFLD and insulin resis-
tance'®"2. NAFLD leads to insulin resistance through lipotoxic-
ity, and hepatic steatosis in NAFLD is known to be
independently correlated with insulin resistance'>"'°, However,
it remains unclear whether pancreatic B-cell dysfunction is
related to NAFLD in the general population.

Therefore, we utilized the fatty liver index (FLI) and fasting
serum proinsulin (PI) level to explore the association between
the advance of fatty liver and pancreatic B-cell dysfunction in a
general Japanese population.

METHODS

Study design and population

This cross-sectional study was part of the Dynamics of Lifestyle
and Neighborhood Community on Health Study (DOSANCO
Health Study)'®". Participants comprised residents of the town
of Suttu, Hokkaido, Japan, aged 35-79 years. In 2015, a total of
545 residents, including 300 women, were enrolled, and their
basic information (sex, age, anthropometric measurements,
medical history and fasting blood samples) was collected. The
research design was approved by the Ethical Board of Hok-
kaido University School of Medicine (15-002 and 17-015).
Signed informed consent was obtained from all the participants.
Of these 545 participants, three were excluded because of miss-
ing data on insulin levels, and 53 were excluded because they
received insulin therapy, oral hypoglycemic agents or both. The
remaining 489 participants (263 women) were considered eligi-
ble and were included in the subsequent analyses.

Data collection
For this study, blood samples were collected by cubital
venipuncture at rest in the morning after an overnight fast to
measure levels of fasting plasma glucose, serum insulin, C-
peptide (CPR), glycated hemoglobin, serum 7y-glutamyl trans-
ferase (GGT) and triglyceride levels (TG). These parameters
were measured using standard techniques. Serum samples were
stored at —80°C until the measurement of PI. PI concentrations
(pmol/L) were measured using a radioimmunoassay (Millipore
Corporation Inc., Burlington, MA, USA). The extent of fatty
liver was estimated using the FLI, which comprises body mass
index (BMI), wait circumference (WC), GGT and TG'®. This
index was calculated using the following equation: FLI = {(exp
(0953 x log (TG) + 0.139 x BMI + 0.718 x log (GGT) +
0.053 x WC - 15.745) / 1 + exp (0.953 x log (TG) + 0.139 x
BMI + 0.718 x log (GGT) + 0.053 x WC - 15.745)} x 100.
The weight, height and WC of the participants were mea-
sured using a calibrated scale. BMI was calculated as weight in
kilograms divided by height in meters squared. Insulin sensitiv-
ity was estimated by homeostasis model assessment of insulin
resistance'®. Other data collected using the self-administered
questionnaire included age, sex and medication for diabetes.
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Statistical analysis
All participants were categorized into any of three groups: low
(FLI <30), moderate (30 < FLI < 60), or high (FLI > 60)
degree of fatty liver, based on a previous report showing that
hepatic steatosis is ruled out in individuals with a FLI <30, and
that a FLI >60 indicates fatty liver”. Biochemical and anthro-
pometric characteristics were compared among the three FLI
groups using one-way analysis of variance, the y’-test or the
Kruskal-Wallis test, as appropriate. Because the data on PI
showed a skewed distribution, the values of PI were trans-
formed into natural logarithms (In) and expressed as least
squares means (95% confidence interval). Ln-transformed PI
for the three FLI groups was compared using analysis of covari-
ance, followed by Tukey’s honest significant difference test for
multiple post-hoc comparisons. The model incorporated sex
(male or female) and age (in years, as a continuous variable) as
covariates. To determine whether obesity modified the associa-
tion of interest, the main analysis was carried out after the
study population was stratified by the median BMIL. In addition,
to determine whether hyperinsulinemia affected PI, the study
population was also stratified by the median fasting serum
insulin level for the main analysis. Similar analyses were
repeated for participants without diabetes after excluding 48
diabetes patients who had a previous history of diabetes, fasting
plasma glucose >126 mg/dL or glycated hemoglobin >6.5%.

All tests were two-sided, and P < 0.05 was considered statis-
tically significant. The statistical analyses were carried out using
JMP 12 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Characteristics of the study population

A total of 489 participants (263 women) were categorized into
three groups: low FLI (n = 303), moderate FLI (n = 106) and
high FLI (n = 80). The biochemical and anthropometric char-
acteristics of the full analytical sample and of each group are
shown in Table 1. Male sex, BMI, WC, and levels of fasting
plasma glucose, glycated hemoglobin, PI, insulin, CPR and
homeostasis model assessment of insulin resistance were posi-
tively associated with the extent of fatty liver.

Association between pancreatic -cell dysfunction evaluated
by fasting serum proinsulin and the fatty liver index

Table 2 shows B-cell dysfunction evaluated by PI for each FLI
group. In the crude analysis (model 1), In(PI) was significantly
higher in the high FLI group than in the low and moderate
FLI groups, and it was also significantly higher in the moderate
FLI group than in the low FLI group. Similar results were
observed for this parameter after adjustment for age and sex
(model 2). As shown in Table 3, In(PI) was significantly higher
in the high FLI group than in the low FLI group, and it was
also higher in the moderate FLI group than in the low FLI
group, regardless of BMI, after adjustment for age and sex. In
addition, as shown in Table 4, In(PI) was significantly higher in
the high FLI group than in the low and moderate FLI groups

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 1 | Participant characteristics overall and by the extent of fatty liver
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Total participants Extent of fatty liver P-value
Low FLI group Moderate FLI group High FLI group

n 489 303 106 80

Age (years) 580 £ 125 576 +£128 585+ 123 584 £ 115 0.77
No. women (%) 263 (53.8) 204 (67.3) 43 (406) 16 (200) <005
BMI (kg/mz) 237 £ 36 220+ 25 251 £ 28 283 + 34 <0.05
Waist circumference (cm) 816 £ 104 760 £ 74 868 £ 6.1 959 + 7.1 <005
FPG (mmol/L) 52 (48, 56) 50 (4.7,54) 53 (50, 57) 55 (5.1,62) <0.05
HbA1c (%) 54 (52,57) 54 (5.1,56) 56 (53,59 56 (53,60) <005
Proinsulin (pmol/L) 89 (6.7, 14.2) 78 (58, 104) 114 (76, 166) 17.7 (13.1, 29.5) <0.05
Insulin (pmol/L) 309 (20.1, 46.6) 258 (179, 33.0) 423 (292, 588) 592 (423, 86.1) <0.05
C-peptide (ng/mL) 12 (09, 1.7) 10 (08, 13) 1501219 21 (15, 26) <0.05
HOMA-IR 10 (06, 16) 08 (05, 1.1) 14 (09, 20) 21 (15,32 <005

Total n = 489. Values are expressed as the mean = standard deviation, median (interquartile range) or number (%) of participants in each category.
One-way analysis of variance, the Kruskal-Wallis test or the x’test was used to compare each parameter among the three fatty liver index (FLI)
groups. BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resis-

tance.

Table 2 | B-Cell dysfunction evaluated by proinsulin by fatty liver index category

Extent of fatty liver

P-value

Low FLI group Moderate FLI group High FLI group Low vs moderate Low vs high Moderate vs high
n 303 106 80
Model 1
In (P 205 (200, 2.11) 246 (236, 2.56) 294 (283, 3.06) * * *
Model 2
In (P)T 207 (201, 213) 245 (235, 2.55) 291 (279, 303) * * *

Model 1: crude model; model 2: adjustment for age and sex. PI, proinsulin. *P < 0.05. "Values are normalized by natural logarithmic transformation
and expressed as least squares means (95% confidence interval). Analysis of covariance and Tukey's honest significant difference test were used to

compare In(proinsulin) among the three fatty liver index (FLI groups).

in both of the fasting serum insulin strata after adjustment for
age and sex.

Table 5 shows the characteristics of the 441 participants
without diabetes (248 women). For this group, the characteris-
tics differed among the three FLI groups, and the patterns were
similar to those observed for the full group of participants
(Table 1). Table 6 shows B-cell dysfunction evaluated by PI for
each FLI group in the participants without diabetes. In the
crude analysis (model 1), In(PI) was significantly higher in the
high FLI group than in the low and moderate FLI groups, and
this parameter was significantly higher in the moderate FLI
group than in the low FLI group. After adjusting for age and
sex, similar results were observed for this parameter (model 2).

DISCUSSION

To the best of our knowledge, this is the first study to show
that the degree of fatty liver is positively associated with PI
level. The correlations remained significant when stratifying

participants into two groups according to the median BMI and
serum insulin levels. In the present study, we examined this
relationship using PI, which has served as a marker of pancre-
atic B-cell dysfunction®’. In a recent study, we showed that,
among several estimation methods of B-cell function, fasting PI
was the most sensitive to glucose intolerance'’. Therefore, PI
was used as an indicator of B-cell dysfunction in the present
study. Recognizing the limitations related with this cross-sec-
tional study design, the present findings suggest that fatty liver
could affect B-cell dysfunction. The existence of reciprocal
cross-talk between the pancreas and fatty liver has been sug-
gested. Activation of pancreatic fat cells and islet-resident
macrophages by fatty liver-derived fetuin-A induces the impair-
ment of glucose-induced insulin secretion, as well as the
increase of B-cell apoptosis®’. Considered together with these
reports, our findings might suggest that the exacerbation of
hepatic steatosis is positively associated with pancreatic B-cell
dysfunction.
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Table 3 | B-Cell dysfunction evaluated by proinsulin by fatty liver index category after stratification according to median body mass index

Extent of fatty liver P-value
Low FLI group Moderate FLI group High FLI group Low vs moderate Low vs high Moderate vs high
High BMI group
n 91 80 74
In (P 227 (215, 238) 252 (241, 264) 292 (279, 3.04) * * *
Low BMI group
n 212 26 6
In (P)T 1.98 (191, 2.05) 2.26 (206, 246) 261 (220, 3.02) * *

BMI, body mass index; High BMI group, participants with high body mass index, adjusted for age and sex; Low BMI group, participants with low
body mass index, adjusted for age and sex; PI, proinsulin. *P < 0.05. TValues are normalized by natural logarithmic transformation and expressed as
least squares means (95% confidence interval). Analysis of covariance and Tukey's honest significant difference test were used to compare In(proin-
sulin ) among the three fatty liver index (FLI) groups.

Table 4 | B-Cell dysfunction evaluated by proinsulin by fatty liver index category after stratification according to median fasting serum insulin level

Extent of fatty liver P-value
Low FLI group Moderate FLI group High FLI group Low vs moderate Low vs high Moderate vs High
High insulin group
n 100 77 69
In (PHT 234 (224, 245) 263 (251, 2.74) 298 (286, 3.11) * * *
Low insulin group
n 203 29 1
In (PHT 193 (1.87, 1.99) 1.98 (1.82, 2.14) 240 (2.13, 266) * *

High insulin group, participants with high fasting serum insulin levels adjusted for age and sex; Low insulin group, participants with low fasting
serum insulin levels adjusted for age and sex; PI, proinsulin. *P < 0.05. "Values are normalized by natural logarithmic transformation and expressed
as least squares means (95% confidence interval). Analysis of covariance and Tukey's honest significant difference test were used to compare In
(proinsulin ) among the three fatty liver index (FLI) groups.

Table 5 | Characteristics of participants without diabetes overall and by extent of fatty liver

Total participants Extent of fatty liver P-value
Low FLI group Moderate FLI group High FLI group

n 441 286 90 65

Age (years) 574+ 126 572 £ 129 575+ 125 577116 095
Number of female (%) 248 (56.2) 197 (689) 37 (41.0) 14 (21.5) <005
BMI (kg/mz) 236 £ 36 220+ 25 252 £ 28 284 + 34 <005
Waist circumference (cm) 816+ 102 759+ 72 869 + 60 957+ 70 <0.05
FPG (mmol/L) 51 @47,54) 49 (47,53) 53 (50, 56) 54 (50,59) <005
HbA1c (%) 54 (5.2, 56) 54 (5.1, 56) 54 (52, 57) 55 (53,59 <005
Proinsulin (pmol/L) 85 (64, 132) 77 (56, 10.1) 11.1 (73, 155) 163 (112, 235) <0.05
Insulin (pmol/L) 294 (20.1, 44.1) 251 (172, 330) 416 (269, 56.7) 58.1 (409, 85.7) <005
C-peptide (ng/mL) 1.1 (09, 1.6) 10 (08, 13) 14 (1.1,19 20 (1.5, 2.5) <005
HOMA-IR 09 (06, 1.5) 08 (05, 1.1) 14 (09, 1.9) 20 (14, 30) <005

Total n = 441. Values are expressed as the mean * standard deviation, median (interquartile range) or number (%) of participants in each category.
One-way analysis of variance, the Kruskal-Wallis test or the x’test was used to compare each parameter among the three fatty liver index (FLI)
groups. BMI, body mass index, FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resis-
tance.

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 11 No. 4 July 2020 967
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Table 6 | B-Cell dysfunction evaluated by proinsulin in participants without diabetes by their fatty liver index category

Extent of fatty liver

P-value

Low FLI group Moderate FLI group High FLI group Low vs moderate Low vs high Moderate vs high
n 286 90 65
Model 1
In (P 203 (197, 208) 236 (226, 246) 278 (267, 290) * * *
Model 2
In (P 204 (198, 2.10) 235 (226, 2.36) 276 (265, 2.88) * * *

Model 1: crude model; model 2: adjustment for age and sex. PI, proinsulin. *P < 0.05. "Values are normalized by natural logarithmic transformation
and expressed as least squares means (95% confidence interval). Analysis of covariance and Tukey's honest significant difference test were used to

compare In(proinsulin) among the three fatty liver index (FLI) groups.

Obesity and hyperinsulinemia, which are important
risk factors for insulin resistance as well, are the most com-
monly complicated with fatty liver'>*. However, previous
studies have found that lean patients with NAFLD were
characterized by severe histological features similar to those
of obese patients”™”. These reports suggest that NAFLD
develops and progresses regardless of the presence of obesity
or hyperinsulinemia. Feldman et al®® reported that lean
patients with NAFLD had fasting insulin levels similar to
lean healthy patients, but had markedly impaired glucose tol-
erance. This previous work might provide further support for
the present results showing that the degree of fatty liver is
associated with pancreatic B-cell dysfunction regardless of the
presence of obesity or hyperinsulinemia (Tables 3,4). Further-
more, it has been shown that not only participants who
were obese, but also non-overweight participants with
NAFLD had a high risk of incident type 2 diabetes in a
population-based  retrospective cohort study of Japanese
patients. The incidence rate of type 2 diabetes has been
reported to be significantly higher in the non-overweight
patients with NAFLD than in overweight or non-overweight
patients without NAFLD?. This result might also support
the present study’s findings.

As it has been reported that the PI :insulin ratio and
PI: CPR ratio are biomarkers of pancreatic B-cell dysfunc-
tion®**’, we also examined the association between these ratios
and the extent of fatty liver. Although there was no statistically
significant difference in the PI : insulin ratio among the three
FLI groups, In(PI : CPR) and In(PI) were significantly higher in
the high FLI group than in the low FLI group after adjustment
for age and sex (Table S1). It should be noted that the PI : in-
sulin ratio might not be an accurate measure in fatty liver or
hepatic insulin resistance, because fasting insulin levels are
affected by hepatic clearance of insulin®. In contrast, the
PI : CPR ratio is a known biomarker of pancreatic -cell dys-
function and is unaffected by hepatic insulin clearance™. These
results provide further support for the present results showing
that the degree of fatty liver is associated with pancreatic B-cell
dysfunction.

Based on the positive association between the FLI and PI in
participants without diabetes, the present data might suggest
the possibility of pancreatic B-cell function recovery after
improvement in liver steatosis. Diet, exercise and medication
might improve liver steatosis, ultimately playing an important
role in the prevention of the development and progression of
type 2 diabetes, as well as liver cirrhosis and hepatocellular car-
cinoma.

The main strength of the present study was that we showed
the relationship between the exacerbation of fatty liver and pan-
creatic B-cell dysfunction in a community-based general popu-
lation rather than a hospital-based population.

The present study also had several limitations. First, the
extent of fatty liver was estimated using the FLI, an indirect
index not using ultrasound, magnetic resonance spectroscopy,
computed tomography or liver biopsy. The FLI is a simpler
and less expensive method compared with magnetic resonance
spectroscopy, and a strong correlation has been reported
between the FLI and hepatocellular lipid content’™ In addi-
tion, imaging and liver biopsy are inappropriate because of
invasive and expensive tests in a community-based study, such
as this. Second, although the proper use of biomarkers of pan-
creatic PB-cell dysfunction including fasting PI levels and the
PI : insulin ratio remains to be discussed, we recently showed
that fasting PI was the index most sensitive to glucose intoler-
ance in the general population'’. Third, because of its cross-sec-
tional design, the present study was unable to prove causal
relationships, or examine the time course of the link between
the exacerbation of fatty liver and pancreatic B-cell dysfunction.

This community-based cross-sectional study showed a posi-
tive correlation between the degree of liver steatosis and pan-
creatic P-cell dysfunction, regardless of the presence of obesity
or hyperinsulinemia. The present findings suggest that fatty
liver reflects pancreatic B-cell dysfunction.
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Table S1 | B-Cell dysfunction evaluated by each parameter by their fatty liver index category.
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