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ABSTRACT
Introduction  Non-alcoholic fatty liver disease is 
reportedly associated with type 2 diabetes and progressive 
liver fibrosis, as evaluated by transient elastography, and 
has been linked with micro- and macroangiopathy in 
people with type 2 diabetes. The purpose of this cross-
sectional study was to investigate the association between 
serum mac-2 binding protein glycosylation isomer 
(M2BPGi) levels and diabetic complications in people with 
type 2 diabetes.
Research design and methods  Serum M2BPGi 
levels were measured in terms of cut-off index (C.O.I.) 
units. Urinary albumin excretion (UAE) was calculated 
and nephropathy was graded as normoalbuminuria, 
microalbuminuria, or macroalbuminuria. Retinopathy 
was divided into three groups: no-diabetic retinopathy 
(NoDR), non-proliferative-diabetic retinopathy (NPDR), or 
proliferative-diabetic retinopathy (PDR) .
Results  The mean age for the 363 studied subjects 
(212 males) was 66.4±10.6 years, the median serum 
M2BPGi level was 0.77 (0.57–1.04) C.O.I., and the 
median UAE was 22 (9–82.1) mg/g creatinine. M2BPGi 
levels in microalbuminuria (0.83 (0.61 to 1.18) C.O.I.) and 
macroalbuminuria (0.88 (0.67 to 1.22) C.O.I.) cases were 
higher than those in normoalbuminuria cases (0.71 (0.54 
to 0.92) C.O.I.). M2BPGi levels in NPDR (0.93 (0.68 to 1.28) 
C.O.I.) and PDR (0.95 (0.71 to 1.31) C.O.I.) cases were 
higher than in cases with NoDR (0.73 (0.56 to 0.99) C.O.I.). 
Furthermore, M2BPGi levels in subjects with a history 
of cardiovascular diseases were higher than in those 
with no such history (0.82 (0.65 to 1.22) vs 0.76 (0.55 to 
1.03) C.O.I., p=0.019). The logarithm of (M2BPGi+1) was 
associated with the logarithm of UAE values after adjusting 
for covariates (standardized β=0.107, p=0.031).
Conclusions  This study reveals a close association 
between serum M2BPGi levels and diabetic 
microangiopathy and macroangiopathy in people with 
type 2 diabetes. The results also show that liver fibrosis, 
evaluated by M2BPGi, is independently associated with an 
increased risk of albuminuria.

INTRODUCTION
The number of people afflicted with type 2 
diabetes is on the rise, and diabetic compli-
cations, such as microangiopathy and 

macroangiopathy, are important health prob-
lems associated with this disease.1 2 Type 2 
diabetes is reportedly associated with non-
alcoholic fatty liver disease (NAFLD),3–5 
which includes a range of liver conditions 
from simple steatosis to fibrosis and cirrhosis.6 
It has been reported that 56% of people with 
type 2 diabetes have NAFLD, 37% have liver 
fibrosis, and 17% have severe liver fibro-
sis.7There is an association between NAFLD 
and microangiopathy8 9 and macroangiop-
athy10 in patients with diabetes. The gold stan-
dard for diagnosing liver fibrosis remains liver 
biopsy. However, liver biopsy is highly inva-
sive. Recently, mac-2 binding protein glyco-
sylation isomer (M2BPGi) has been reported 
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as a non-invasive new serological glycobiomarker for liver 
fibrosis.11–13

Chronic inflammation and oxidative stress are common 
pathways in the development of liver fibrosis and diabetes.14 15 
There is an association between progressive liver fibrosis, 
evaluated by transient elastography, and microangiopathy 
and macroangiopathy in patients with type 2 diabetes.16–18 
Thus, it is possible that M2BPGi levels are associated with 
diabetic complications, particularly microangiopathy and 
macroangiopathy. However, such an association has not 
been investigated in previous studies. Therefore, in this 
cross-sectional study of patients with type 2 diabetes, we 
investigated these associations.

MATERIALS AND METHODS
Participants and study design
The KAMOGAWA cohort study has been performed by us 
since 2014 on patients with diabetes.19 Medical data were 
collected after obtaining informed consent of individuals 
whose identity was kept secret and compiled into a data-
base. In this cross-sectional study, we selected data of people 
with type 2 diabetes who attended the outpatient clinic at 
the Kameoka Municipal Hospital (Kameoka, Japan) or the 
Kyoto Prefectural University of Medicine (Kyoto, Japan) 
from January 2016 to May 2018. Data pertaining to the 
medical history of the participants and their usage of medi-
cations were collected. In this study, we only included those 
people who had their serum levels of M2BPGi checked and 
excluded those who did not have their urine albumin excre-
tion (UAE) checked.

Biochemical analyses and definitions
The formula used for calculating the body mass index 
(BMI) was: BMI=weight (kg)/[height (m)]2. Diagnosis of 
type 2 diabetes was performed based on the Report of the 
Expert Committee on the Diagnosis and Classification of 
Diabetes Mellitus.20 The study cohort was divided into non-
smokers and current-smokers, based on their declarations in 
a self-administered questionnaire. Similarly, data of alcohol 
consumption per week over the past 1 month were collected 
through a questionnaire. Then, the mean ethanol intake 
was estimated. The habit of drinking ethanol was defined as 
an intake greater than 20 g/day.21 Participants were catego-
rized into non-exercisers or regular exercisers based on their 
declaration in the questionnaire. Also, data of the activities 
undertaken by the participants were collected. Regular exer-
cisers were defined as people who performed any type of 
sports activity at least once a week.22

Venous blood was collected from the participants and 
high-density lipoprotein (HDL) cholesterol, triglycerides, 
uric acid, creatinine (Cr), aspartate aminotransferase 
(AST), alanine transaminase (ALT), and platelets were eval-
uated. Serum M2BPGi levels were evaluated by the M2BPGi 
reagent and expressed as cut-off index (C.O.I.) units.23 High-
performance liquid chromatography was used to determine 
hemoglobin A1c levels. The estimated glomerular filtration 
rate (eGFR) was calculated by the equation of the Japanese 

Society of Nephrology: eGFR (mL/min/1.73 m2)=194 × 
serum Cr–1.094 × age–0.287 (if women, ×0.739).24 An immuno-
turbidimetric method was used for UAE evaluation: UAE 
(mg/g Cr)=the urinary albumin concentration (mg/L)/
the urinary Cr concentration (g/L). The mean value was 
calculated using three UAE values. The fibrosis-4 (FIB4) 
index was calculated by age (years)×AST (IU/L)/(plate-
lets (109/L)×√ALT (IU/L)).25 NAFLD fibrosis score was 
calculated by −1.675 + (0.037×Age (years)) + (0.094×BMI) 
+ (1.13×IFG/diabetes [yes=1, no=0]) + (0.99×AST/ALT) – 
(0.013×platelet [109/L]) – (0.66×albumin (g/dL)).26

In this study, diabetic microangiopathy was defined as the 
presence of diabetic nephropathy and/or retinopathy. The 
nephropathy stage was defined as follows: UAE less than 
30 mg/g Cr was normoalbuminuria, 30–300 mg/g Cr was 
microalbuminuria, and more than 300 mg/g Cr was macro-
albuminuria.27 Retinopathy was divided into three groups: 
no diabetic-retinopathy (NoDR), non-proliferative diabetic 
retinopathy (NPDR), and proliferative diabetic retinopathy 
(PDR).28 We defined diabetic macroangiopathy as a history 
of cardiovascular disease (CVD), such as coronary heart 
disease, cerebral hemorrhage, or ischemic stroke, which 
was gathered from the medical records.29 Acute myocardial 
infarction, unstable angina, and silent myocardial infarction, 
but not stable angina pectoris, were included as coronary 
heart diseases.29 Patients with an eGFR <60 mL/min/1.73 m2 
were defined as having chronic kidney disease (CKD). After 
at least a 5 min rest in a quiet space, blood pressures were 
evaluated twice using a HEM-906 device (Omron Health-
care, Lake Forest, Illinois, USA). We used an average of two 
values for this study.

Medication data were also collected. Specifically, medica-
tions for diabetes, including sodium-glucose cotransporter 
two inhibitors, glucagon-like peptide-1 receptor agonists, 
and insulin; medications for hypertension, including renin-
angiotensin-aldosterone system (RAAS) inhibitors; and medi-
cations for dyslipidemia, including statins were collected.

Statistical analyses
JMP V.13.2 software (SAS Institute, Cary, North Carolina, 
USA) was used for statistical analyses and GraphPad Prism 
V.8.4.2 software (GraphPad Software, La Jolla, California, 
USA) was used for creation figures. Means, medians, and 
frequencies of variables were calculated. Continuous vari-
ables are shown as means±SD or medians (IQR). Catego-
rized variables are shown as a number. P<0.05 was set as 
statistically significant.

Because UAE, duration of diabetes, triglycerides, and 
M2BPGi were skewed variables, logarithmic transforma-
tion was executed before doing correlation, and multiple 
or logistic regression analyses. Pearson’s correlation was 
calculated to evaluate relationships between logarithms 
(M2BPGi+1) and other variables. Differences in serum levels 
of M2BPGi among groups were evaluated by Kruskal-Wallis 
and Steel-Dwass tests.

Relationships between the logarithm of UAE and loga-
rithm (M2BPGi+1) were determined by multiple regres-
sion analyses with the following elements chosen as 
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independent factors: sex, age, BMI, duration of diabetes, 
smoking status, systolic blood pressure, hemoglobin A1c, 
triglycerides, HDL-cholesterol, uric acid, and Cr, and treat-
ment with insulin, RAAS system inhibitors, statins, and 
platelets.

Last, receiver operator characteristic (ROC) analyses were 
performed to calculate area under the ROC curve (AUC) of 
serum levels of M2BPGi for diabetic nephropathy, defined 
as the presence of microalbuminuria or macroalbuminuria, 
retinopathy, defined as the presence of NPDR or PDR, and 
macroangiopathy.

RESULTS
In this study, 365 people with type 2 diabetes were selected. 
Among these individuals, two for whom there were no UAE 
data were excluded. Thus, 363 people were enrolled for this 
study.

Table 1 shows the clinical characteristics data. The mean 
age was 66.4 (10.6) years, the median serum M2BPGi level 
was 0.77 (0.57 to 1.04) C.O.I., and the median UAE was 22 
(9 to 82.1) mg/g Cr. There were 207 people with normoal-
buminuria, 107 people with microalbuminuria, and 49 with 
macroalbuminuria. Moreover, there were 285 people with 
NDR, 44 with SDR, and 34 with PDR. Forty-nine people had 
a history of CVD.

Table 2 reports simple correlations between serum levels 
of M2BPGi and other factors. Age, duration of diabetes, 
BMI, systolic blood pressure, Cr level, log UAE, FIB4 index, 
and NAFLD fibrosis score were positively associated with 
logarithms (M2BPGi+1), whereas HDL-cholesterol, eGFR, 
and platelets were negatively associated with logarithms 
(M2BPGi+1).

Table 3 reports comparisons of the serum levels of M2BPGi 
in various groups. Insulin usage, retinopathy stage, nephrop-
athy stage, CKD, and history of CVD were associated with 
higher M2BPGi levels.

Serum levels of M2BPGi in patients with microalbumin-
uria and macroalbuminuria were higher than in those with 
normoalbuminuria (figure 1). In addition, serum levels of 
M2BPGi in patients with NPDR and PDR were higher than 
in those with NoDR (figure 1).

The results of multiple linear regression analyses of the 
log UAE values are reported in table  4. The logarithm 
values of (M2BPGi+1) (standardized β=0.104, p=0.042), 
HbA1c (standardized β=0.169, p<0.001), Cr (standardized 
β=0.312, p<0.001), HDL-cholesterol (standardized β=0.137, 
p=0.004), systolic blood pressure (standardized β=0.144, 
p=0.002), RAAS inhibitor usage (standardized β=0.138, 
p=0.005), and exercise habit (standardized β=−0.112, 
p=0.017) were associated with log UAE values after adjusting 
for covariates.

The results of ROC and AUC of M2BPGi for diabetic 
nephropathy, retinopathy and macroangiopathy are shown 
in figure 2. The optimal cut-off point of M2BPGi for diabetic 
nephropathy, retinopathy, and macroangiopathy was 0.95, 
0.91, and 0.78, respectively.

DISCUSSION
This study clarifies the relationship between the 
serum M2BPGi levels and diabetic microangiopathy 
and macroangiopathy in patients with type 2 diabetes. 
This is the first study, to our knowledge, to reveal 
the association between M2BPGi levels and diabetic 

Table 1  Clinical characteristics of study participants

N 363

Age (years) 66.4 (10.6)

Sex (male/female) 212/171

Family history of diabetes (no/yes) 198/165

Duration of diabetes (year) 12 (6–19)

Height (cm) 160.9 (9.1)

Body weight (kg) 63.1 (12.4)

Body mass index (kg/m2) 24.3 (4.1)

Systolic blood pressure (mm Hg) 134.1 (18.5)

Diastolic blood pressure (mm Hg) 79.2 (10.9)

Hemoglobin A1c (%) 7.4 (1.3)

Hemoglobin A1c (mmol/mol) 56.9 (14.0)

Triglycerides (mmol/L) 1.2 (0.9–1.9)

HDL-cholesterol (mmol/L) 1.5 (0.4)

Uric acid (μmol/L) 306.3 (74.4)

Creatinine (μmol/L) 72.9 (30.1)

eGFR (mL/min/1.73 m2) 69.6 (19.1)

Urinary albumin excretion (mg/g creatinine) 22 (9–82.1)

Aspartate aminotransferase (U/L) 21 (17–27)

Alanine transaminase (U/L) 19 (14–28)

Platelets (×104/uL） 22.5 (6.2)

FIB4 index 0.68 (0.34–2.52)

NAFLD fibrosis score 2.22 (0.79)

Serum M2BPGi (C.O.I) 0.77 (0.57–1.04)

Nephropathy (normoalbuminuria/
microalbuminuria/macroalbuminuria)

207/107/49

Retinopathy (NoDR/NPDR/PDR) 285/54/24

Chronic kidney disease (no/yes) 256/107

History of cardiovascular disease 315/49

Smoking (non-smoker/smoker) 309/54

Exercise habit (no/yes) 190/173

Habit of drinking alcohol (no/yes) 326/37

SGLT2 inhibitor usage (no/yes) 302/61

GLP-1 analog usage (no/yes) 301/62

Insulin treatment (no/yes) 279/84

RAAS inhibitor usage (no/yes) 201/162

Statin treatment (no/yes) 226/137

Data are expressed as means (SD), medians (IQR), or absolute 
numbers.
C.O.I, cut-off index; eGFR, estimated glomerular filtration rate; 
FIB4, fibrosis 4; GLP-1, glucagon-like peptide-1; HDL, high-
density lipoprotein; M2BPGi, Mac-2 binding protein glycosylation 
isomer; NAFLD, non-alcoholic fatty liver disease; NoDR, no 
diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; 
PDR, proliferative diabetic retinopathy; RAAS, renin-angiotensin-
aldosterone system; SGLT2, sodium-glucose cotransporter 2.
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microangiopathy and macroangiopathy in people with 
type 2 diabetes.

Possible interpretations for the connection between 
M2BPGi levels and diabetic microangiopathy and 
macroangiopathy are as follows. M2BPGi is a marker 
of liver fibrosis, although the mechanism of the asso-
ciation between M2BPGi and liver fibrosis is not fully 

understood.11 Cross-sectional studies and retrospec-
tive cohort study reported that there was an association 
between progressive liver fibrosis, evaluated by transient 
elastography, and microangiopathy and macroangiopathy 
in people with type 2 diabetes.16–18 In fact, liver fibrosis is 
a mortality risk from CVD in people with NAFLD.30

Both liver fibrosis and diabetic microangiopathy or 
macroangiopathy are associated with chronic inflam-
mation, including tumor necrosis factor-α (TNF-α), the 
RAAS, and intercellular adhesion molecule-1. In patients 
with liver fibrosis, the expression of TNF-α is increased.31 
TNF-α induces renal damage through several mecha-
nisms.32 33 The cytotoxicity induced by TNF-α stimulates 
apoptosis of glomerular cells and, consequently, results in 
the progression of albuminuria34 and CVD.32 In addition, 
TNF-α is associated with diabetic retinopathy through 

Table 2  Correlations between logarithmic (M2BPGi+1) and 
other variables

Variables r P value

Age 0.240 <0.001

Logarithmic (duration of diabetes+1) 0.149 0.005

Body mass index 0.116 0.027

Systolic blood pressure 0.118 0.025

Diastolic blood pressure 0.031 0.559

Hemoglobin A1c 0.056 0.287

Logarithmic triglycerides 0.009 0.865

HDL-cholesterol −0.160 0.002

Uric acid 0.102 0.054

Creatinine 0.129 0.014

eGFR −0.218 <0.001

Logarithmic UAE 0.216 <0.001

Alanine transaminase 0.072 0.173

Platelets −0.239 <0.001

FIB4 index 0.122 0.021

NAFLD fibrosis score 0.341 <0.001

Correlations between M2BPGi and other variables were 
evaluated by Pearson correlations.
eGFR, estimated glomerular filtration rate; FIB4, fibrosis 4; 
HDL, high-density lipoprotein; M2BPGi, Mac-2 binding protein 
glycosylation isomer; NAFLD, non-alcoholic fatty liver disease; 
UAE, urinary albumin excretion.

Table 3  Comparisons of M2BPGi in various groups

M2BPGi P value

Sex (male/female) 0.74 (0.56–0.99)/0.83 (0.59–1.12) 0.049

Smoking (non-/current-smoker) 0.78 (0.58–1.08)/0.69 (0.55–0.94) 0.078

Exercise habit (no/yes) 0.82 (0.57–1.07)/0.74 (0.56–1.00) 0.157

Habit of drinking alcohol (no/yes) 0.78 (0.57–1.06)/0.68 (0.52–0.96) 0.076

RAAS inhibitor usage (no/yes) 0.75 (0.55–1.07)/0.78 (0.62–1.01) 0.601

Statins (no/yes) 0.77 (0.57–1.07)/0.78 (0.57–0.99) 0.712

Insulin treatment (no/yes) 0.75 (0.56–1.00)/0.89 (0.62–1.23) 0.015

Nephropathy (normo/micro/macroalbuminuria) 0.71 (0.54–0.92)/0.83 (0.61–1.18)*/0.88 (0.67–1.22)* <0.001

Retinopathy (NoDR/NPDR/PDR) 0.73 (0.56–0.99)/0.93 (0.68–1.28)†/0.95 (0.71–1.31)† <0.001

Chronic kidney disease (no/yes) 0.73 (0.54–0.99)/0.88 (0.64–1.23) <0.001

History of cardiovascular disease (no/yes) 0.76 (0.55–1.03)/0.82 (0.65–1.22) 0.019

Differences among the groups were evaluated by Kruskal-Wallis test.
*p <0.05 vs. normoalbuminuria by the Steel Dwass test.
†p < 0.05 vs. NDR by the Steel Dwass test.
M2BPGi, Mac-2 binding protein glycosylation isomer; NoDR, no diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; 
PDR, proliferative diabetic retinopathy; RAAS, renin-angiotensin-aldosterone system.

Figure 1  Comparisons of M2BPGi among nephropathy 
and retinopathy stages. (A) Comparisons of M2BPGi among 
nephropathy stage. (B) Comparisons of M2BPGi among 
retinopathy stage. Differences among nephropathy and 
retinopathy stages were evaluated by a one-way analysis of 
variance and Tukey honestly significant difference test. C.O.I, 
cut-off index; M2BPGi, mac-2 binding protein glycosylation 
isomer; NoDR, no diabetic-retinopathy; NPDR, non-
proliferative diabetic retinopathy; PDR, proliferative diabetic 
retinopathy.



5BMJ Open Diab Res Care 2020;8:e001189. doi:10.1136/bmjdrc-2020-001189

Cardiovascular and metabolic risk

reduced adherence of leukocytes to retinal blood vessels, 
blood-retinal barrier breakdown, and apoptosis of 
retinal cells.35 Moreover, activation of the RAAS occurs 
in liver fibrosis,36 which promotes inflammation through 
enhanced production of reactive oxygen species leading 

to hypertrophy and renal fibrosis.36 37 In addition, RAAS 
inhibitors are protective effectors for diabetic retinop-
athy.38 Furthermore, intercellular adhesion molecule-1 is 
associated with liver fibrosis,39 and diabetic microangiop-
athy40 and macroangiopathy.41 Thus, M2BPGi, which is a 
surrogate marker of liver fibrosis, has a close association 
with diabetic microangiopathy and macroangiopathy.

Previous studies revealed an association between 
progressive liver fibrosis and diabetic microangiopathy 
or macroangiopathy in patients with type 2 diabetes.16–18 
To detect liver fibrosis, a liver biopsy is the gold standard; 
however, this is a highly invasive procedure. M2BPGi is 
a non-invasive new serological glycobiomarker for liver 
fibrosis.11–13 In this study, a history of CVD, duration of 
diabetes, severity of microangiopathy, systolic blood pres-
sure, HDL-cholesterol, and BMI were associated with 
the serum levels of M2BPGi. These results were similar 
to those of previous studies.42–44 In addition, a recent 
study revealed that metabolic parameters are associated 
with an increase of M2BPGi.45 Furthermore, serum levels 
of M2BPGi are higher in patients with chronic heart 
failure.46

In this study, we showed that the cut-off points of 
diabetic nephropathy, retinopathy, and macroangi-
opathy were 0.95, 0.91, and 0.78, respectively. These 
cut-off points were lower than that of chronic hepatitis 
(M2BPGi≥1.00).11 M2BPGi, which is easy to measure in 
clinical practice, could be an indicator to prevent future 

Table 4  Multiple linear regression analyses of UAE logarithms

Variables β SE

95% CI

Standardized β P valueLower Upper

(Constant) −4.921 1.250 −7.380 −2.462 – <0.001

Age 0.017 0.009 0.0002 0.034 0.111 0.048

Female 0.162 0.176 −0.184 0.509 0.066 0.358

Body mass index 0.026 0.022 −0.016 0.069 0.066 0.223

Logarithms (duration of diabetes +1) 0.071 0.115 −0.155 0.297 0.033 0.538

HbA1c 0.215 0.062 0.093 0.336 0.169 <0.001

Creatinine 0.017 0.003 0.011 0.023 0.312 <0.001

Uric acid 0.002 0.001 −0.0007 0.004 0.077 0.155

Logarithms triglycerides 0.329 0.167 −0.004 0.812 0.107 0.052

HDL-cholesterol 0.421 0.206 0.016 0.827 0.137 0.004

Systolic blood pressure 0.012 0.004 0.004 0.021 0.144 0.002

RAAS inhibitor usage 0.460 0.162 0.142 0.778 0.138 0.005

Statins usage 0.024 0.165 −0.301 0.349 0.007 0.885

Insulin treatment 0.224 0.189 −0.148 0.596 0.057 0.238

Exercise habit −0.371 0.156 −0.676 −0.066 −0.112 0.017

Smoker 0.352 0.218 −0.076 0.780 0.076 0.107

Platelets −0.004 0.013 −0.031 0.022 −0.016 0.742

Logarithms (M2BPGi+1) 0.708 0.347 0.024 1.391 0.104 0.042

R2=0.31.
HDL, high-density lipoprotein; M2BPGi, Mac-2 binding protein glycosylation isomer; RAAS, renin-angiotensin-aldosterone system; UAE, 
urinary albumin excretion.

Figure 2  ROC curve and AUC. (A) ROC curve and AUC 
of M2BPGi for diabetic nephropathy. The optimal cut-off 
point of the M2BPGi for diabetic nephropathy, defined as 
the presence of microalbuminuria or macroalbuminuria, 
was 0.95 (AUC 0.62 (95% CI 0.56 to 0.68), sensitivity=0.44, 
specificity=0.77, p<0.001). (B) ROC curve and AUC of 
M2BPGi for diabetic retinopathy. The optimal cut-off point of 
the M2BPGi for diabetic retinopathy, defined as the presence 
of non-proliferative diabetic retinopathy or proliferative 
diabetic retinopathy, was 0.91 (AUC 0.64 (95% CI 0.57 to 
0.71), sensitivity=0.58, specificity=0.59, p<0.001). (C) ROC 
curve and AUC of M2BPGi for diabetic macroangiopathy. 
The optimal cut-off point of the M2BPGi for diabetic 
macroangiopathy was 0.78 (AUC 0.60 (95% CI 0.52 to 0.68), 
sensitivity=0.63, specificity=0.54, p<0.001). AUC, area under 
the ROC curve; M2BPGi, mac-2 binding protein glycosylation 
isomer; ROC, receiver operating characteristic.
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diabetic microangiopathy or macroangiopathy, and we 
should pay attention to people with high M2BPGi and 
improve their metabolic parameters.

The current study has some limitations. First, the study 
design was cross-sectional. Thus, the causal relationship 
between the M2BPGi levels and diabetic microangiopathy 
and macroangiopathy is unclear. Additional prospective 
studies are needed to establish the association between 
M2BPGi and the progression or improvement of diabetic 
microangiopathy or macroangiopathy. Second, we did 
not perform liver biopsies; thus, we were unable to 
compare M2BPGi levels with histology data. Third, we 
did not have liver histology and fibrosis information, nor 
data on the presence of a hepatitis virus. Such data are 
important for assessing the degree of liver steatosis and 
fibrosis and causes of liver diseases. Last, the study popu-
lation was comprised of only Japanese people; therefore, 
it is not clear whether the findings of this study can be 
applied to other ethnic groups.

Despite these limitations, this study reveals, for the 
first time, the relationship between M2BPGi levels and 
diabetic microangiopathy and macroangiopathy in 
people with type 2 diabetes. This study also shows that 
M2BPGi is independently associated with an increased 
risk of albuminuria.
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