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ABSTRACT

Introduction The maximum body mass index (BMI) before
onset of type 2 diabetes (MBBO) might be used to estimate
a patient’s insulin secretion capacity. There have been few
factors that can predict future diabetic complications at the
time of diagnosis of diabetes mellitus. This study aimed
to clarify the clinical usefulness of MBBO for predicting
the development of advanced diabetic microvascular
complications.
Research design and methods This was a cross-
sectional observational study. Of 1304 consecutively
admitted patients with type 2 diabetes, we enrolled 435
patients for whom we could confirm their MBBO. Univariate
and multivariate logistic regression analyses were
performed to examine whether MBBO or BMI on admission
was associated with advanced diabetic retinopathy or
nephropathy. To evaluate the predictive performance of
these indexes, we performed cross-validation in various
models with MBBO or BMI and evaluated the areas under
the curve (AUCs) yielded by these analyses.
Results Univariate analyses suggested that MBBO was
associated with advanced retinopathy and nephropathy,
while BMI on admission was associated only with
advanced nephropathy. In multivariate analyses, MBBO
was significantly associated with advanced complications,
while BMI on admission was not. For advanced diabetic
retinopathy, the AUCs were 0.70–0.72, and for advanced
nephropathy, the AUCs were 0.81–0.83. When comparing
the AUCs among models, the models with MBBO sustained
high predictive performance for diabetic complications.
Conclusions MBBO was independently associated with
advanced diabetic complications, while BMI on admission
was not. Diabetic microvascular complications in patients
with high MBBO could progress more rapidly. At the time of
the diagnosis of diabetes mellitus, MBBO would enable us
to predict the progress of diabetic complications.

INTRODUCTION
Type 2 diabetes mellitus is a common
disease with a high comorbidity rate worldwide.1 Diabetic complications deteriorate
patients’ quality of life and activities of daily
living.2 3 Diabetic retinopathy (DR) develops
at a relatively early stage. Untreated DR leads

Significance of this study
What is already known about this subject?
► The maximum body mass index before onset of type

2 diabetes (MBBO) might be used to estimate a patient’s insulin secretion capacity.
► There have been few factors that can predict future
diabetic complications at the time of diagnosis of
diabetes mellitus.

What are the new findings?
► High MBBO is independently associated with ad-

vanced diabetic retinopathy.
► High MBBO is independently associated with ad-

vanced diabetic nephropathy.
► Body mass index on admission was not associated

with advanced diabetic complications.

How might these results change the focus of
research or clinical practice?
► At the time of the diagnosis of diabetes mellitus,

MBBO would enable us to predict the progress of
diabetic complications, and this prediction would
lead to more careful support and medical treatment.

to a decrease in eyesight and ultimately blindness.3 Diabetic nephropathy (DN) is the
most common disease that requires hemodialysis.4 Both of these complications seriously
decrease patients’ quality of life and activities of daily living unless treated appropriately. Prevention of DR or DN progression
is one of the most important problems to
be solved. Although some previous studies
indicated that past obesity was associated
with diabetic complications, these studies
used past maximum body weight regardless
of the onset of diabetes.5–7 Treatment with
insulin, sulfonylureas or thiazolidinediones
could increase body weight,8 9 while treatment with sodium-
glucose cotransporter-
2
inhibitors10 11 or glucagon-
like peptide-
1
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receptor agonists12 13 could reduce body weight. Thus,
the maximum body weight after the development of
diabetes could be different from the maximum body
weight before the onset of diabetes.
We reported that maximum body mass index before
the onset of diabetes (MBBO) was independently
correlated with insulin secretion and might be used
to estimate a patient’s insulin secretion capacity over
the course of the disease.14 Previous studies reported
the association between hyperinsulinemia and angiopathy.15 16 We assumed that patients with high MBBO who
might have increased insulin levels could be susceptible
to angiopathy. In addition, there have been few factors
that can predict future diabetic complications at the time
of diagnosis of diabetes mellitus. Thus, we focused on the
relationship between MBBO, as a factor that can be identified at diagnosis, and diabetic complications.
The purpose of this study was to assess the usefulness of
MBBO as a predictor of progressive DR or DN in patients
with type 2 diabetes mellitus. We enrolled patients
with diabetes admitted to our hospital and analyzed
the correlations between various clinical parameters,
including MBBO and DR or DN, in multiple regression
analyses. We also included hypertension, dyslipidemia
and hyperuricemia, which are associated with arteriosclerosis, in this analysis.17 18
RESEARCH DESIGN AND METHODS
Patients
We retrospectively reviewed 1304 consecutive patients
with type 2 diabetes who were admitted to Osaka University Hospital from August 2010 to June 2017 for treatment of poor glycemic control. Data for the present
study were obtained from the medical records of Osaka
University Hospital. The patient flow diagram is shown in
figure 1. Fifty-eight subjects were excluded because their
maximum body mass index (BMI) was not recorded;
298 subjects whose maximum BMI was reached after the
diagnosis of type 2 diabetes mellitus were also excluded,
as we could not identify their MBBO. Furthermore, the
following patients were also excluded from the study; 187
patients with cancer, 51 patients with pancreatic diseases,

Figure 1

2

Patient flow diagram. BMI, body mass index.

15 patients with liver cirrhosis, 82 patients taking diabetogenic medicines such as glucocorticoids, 127 patients
with an additional secondary form of diabetes including
endocrine diseases such as pituitary, thyroid and adrenal
diseases. Eleven patients who had pregestational diabetes
mellitus, and 37 patients with diabetes-related autoantibodies were excluded. One patient was excluded due
to the lack of C-
peptide data, and two patients were
excluded because they received maintenance hemodialysis therapy. Finally, 435 patients were enrolled in this
study.
Data collection
After admission, most of the patients were treated with
medical nutrition therapy plus bolus insulin therapy to
improve preprandial plasma glucose levels, including
fasting plasma glucose (FPG), the target level of which
was below 8.4 mmol/L. We performed a blood evaluation before breakfast, which was 12 hours after the last
meal. Some of the patients were also treated with additional oral hypoglycemic agents or basal insulin. After
glycemic control was maintained almost at the target
levels, beta-cell function was evaluated. Beta-cell function
was evaluated using the C-peptide index (CPI), which
we previously reported to be correlated with pancreatic
beta-cell mass and insulin secretory capacity.19 CPI was
calculated by using the following formula: F-CPR (ng/
mL) × 100/FPG (mmol/L) × 18. The medications used
as glucose-lowering agents before admission and at evaluation are described in table 1. We defined the onset of
type 2 diabetes mellitus as the point when the patient
had been diagnosed with type 2 diabetes mellitus based
on the criteria of the American Diabetes Association20 or
started taking glucose-lowering agents. We defined the
patient’s MBBO based on his or her history of maximum
BMI and age at diabetes mellitus onset.
The period from the age at MBBO to admission was
designated as Δyear. We investigated each patient’s
family history of type 2 diabetes in second-degree relatives, smoking history and current medication use. The
severity of DR, which was diagnosed by an ophthalmologist, was assessed using modified Davis grading. Preproliferative diabetic retinopathy (prePDR) or more severe
retinopathy was defined as advanced DR. Advanced
DN was defined based on the eGFR and the presence
of macroalbuminuria or proteinuria as follows: macroalbuminuria >300 mg/gCr, proteinuria >0.5 g/gCr or
eGFR <30 mL/min/1.73 m2. To evaluate the presence of
diabetic neuropathy, the abbreviated diagnostic criteria
proposed by the Diabetic Neuropathy Study Group in
Japan were used.21 The criteria consisted of three items:
(1) symptoms such as tingling pain, numbness and
cramping; (2) absence of the Achilles tendon reflex; and
(3) a reduced sense of vibration; neuropathy was diagnosed when more than two items were present. A history
of cardiovascular disease (CVD) events was defined as
a medical history of acute myocardial infarction, cerebral hemorrhage or infarction requiring hospitalization
BMJ Open Diab Res Care 2021;9:e002466. doi:10.1136/bmjdrc-2021-002466
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Table 1 Clinical characteristics of the study subjects
MBBO

All
(n=435)

MBBO <25
(n=79)

25≤ MBBO <30
(n=175)

30≤ MBBO
(n=181)

P value

Age (years)
Sex (M/F)

63 (51~72)
262/173

67 (61～74)
48/31

65 (58～74)
103/72

56 (45～67)
111/70

<0.0001
0.89

Age at diagnosis of T2DM (years) 50 (42~60)

56 (47～64)

53 (45～61)

44 (36～53)

<0.0001

Duration (years)

10 (2~18)

10 (2～19)

BMI on admission (kg/m2)

25.0 (22.3~28.5) 21.0 (18.7～22.1)

0.92

11 (2～19)

10 (3～18)

24.0 (22.4～25.5)

29.0 (26.3～32.3)

<0.0001

MBBO (kg/m2)

28.8 (25.8~33.1) 23.2 (21.8～24.3)

27.1 (26.2～28.6)

34.1 (31.6～38.0)

<0.0001

Age at MBBO (years)

38 (28~50)

35 (20～50)

40 (30～52)

34 (25～42)

<0.0001

Δyear (years)

22 (11~33)

29 (15～43)

21 (11～33)

21 (10~31)

0.0002

Family history

237 (55.0)

40 (50.6)

98 (56.6)

99 (55.3)

0.67

Smoking history

225 (54.2)

44 (59.5)

92 (55.4)

89 (50.9)

0.42

HbA1c (%)

8.5 (7.8~9.9)

8.2 (7.5～9.9)

8.4 (7.7～9.7)

8.8 (8.0～10.5)

0.0122

HbA1c (mmol/mol)

70 (62~85)

66 (58～85)

68 (61～83)

73 (64～91)

0.0122

FPG (mmol/L)

7.2 (6.3~8.4)

7.3 (6.1～8.3)

7.4 (6.4～8.6)

7.1 (6.1～8.4)

0.74

CPI

1.1 (0.76~1.7)

0.79 (0.48～1.1)

1.1 (0.78～1.6)

1.3 (0.86～2.1)

<0.0001

Advanced retinopathy

116 (26.8)

16 (20.3)

38 (21.8)

62 (34.4)

0.0097

Advanced nephropathy

72 (16.6)

7 (8.9)

19 (10.9)

46 (25.4)

0.0002

Neuropathy

178 (40.9)

32 (40.5)

70 (40.0)

84 (46.4)

0.19

History of CVD

91 (20.9)

12 (15.2)

42 (24.0)

37 (20.4)

0.27

Hypertension

251 (57.7)

35 (44.3)

98 (56.0)

118 (65.2)

0.0062

Dyslipidemia

258 (59.3)

39 (49.4)

113 (64.6)

106 (58.6)

0.071

Hyperuricemia

101 (23.3)

12 (15.2)

36 (20.6)

63 (34.8)

0.024

 Sulfonylurea

167 (38.4)

34 (43.0)

70 (40.0)

63 (34.8)

0.38

 Glinide

14 (3.2)

1 (1.3)

5 (2.9)

8 (4.4)

0.39

 Biguanide

103 (23.7)

11 (13.9)

34 (19.4)

58 (32.0)

0.0015

 TZD

35 (8.0)

5 (6.3)

13 (7.4)

17 (9.4)

0.65

Medication before admission

 
α-GI

75 (17.2)

10 (12.7)

36 (20.6)

29 (16.0)

0.26

 DPP-4i

153 (35.2)

33 (41.8)

55 (31.4)

65 (35.9)

0.27

 SGLT2i

10 (2.3)

0 (0)

1 (0.6)

9 (5.0)

0.0069

 GLP-1RA

18 (4.1)

1 (1.3)

3 (1.7)

14 (7.7)

0.0063

 Insulin

117 (26.9)

19 (24.1)

44 (25.1)

54 (29.8)

0.50

 No medication

90 (20.7)

16 (20.3)

39 (22.3)

35 (19.3)

0.79

63 (14.5)
195 (44.8)

9 (11.4)
31 (39.2)

23 (13.1)
65 (37.1)

31 (17.1)
99 (54.7)

0.39
0.0021

Medication at evaluation
 Insulin secretagogues
 NPH or LAI

Data are reported as the mean±SD, median (IQR) or n (%), unless otherwise indicated. Comparisons among the three groups
divided by MBBO were performed by the Kruskal-Wallis test or the χ2 test for data presented as the median (IQR) or n (%),
respectively. P values <0.05 were considered statistically significant.
The insulin secretagogues were sulfonylureas, glinides, DPP-4is and GLP-1RAs.
BMI, body mass index; CPI, C-peptide index; CVD, cardiovascular disease; DPP-4i, dipeptidyl peptidase-4 inhibitor; F,
female; FPG, fasting plasma glucose; GLP-1RA, glucagon-like peptide-1 receptor antagonist; HbA1c, hemoglobin A1c;
LAI, long-acting insulin; M, male; MBBO, maximum BMI before onset; NPH, neutral protamine Hagedorn; SGLT2i, sodium-
glucose cotransporter 2 inhibitor; T2DM, type 2 diabetes mellitus; TZD, thiazolidinedione; α-GI, alpha-glucosidase inhibitor.

and angina pectoris requiring coronary revascularization treatment that included coronary intervention and
coronary bypass graft. The presence of hypertension in
BMJ Open Diab Res Care 2021;9:e002466. doi:10.1136/bmjdrc-2021-002466
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dyslipidemia in patients was defined as LDL-C ≥140 mg/
dL, triglycerides ≥150 mg/dL, or treatment with lipid-
lowering agents. The presence of hyperuricemia was
defined as uric acid ≥7.1 mg/dL or treatment with uric
acid-lowering drugs.
The study was announced to the public on the website
of our department at Osaka University Hospital, and all
patients were allowed to participate or refuse to participate in the study.
Statistics and analyses
We summarized the background variables by median
(interquartile range; IQR) for continuous variables and
by counts with proportions for the categorical variables.
We considered three groups based on the MBBO (low
group: MBBO <25 kg/m2, intermediate group: 25 kg/
m2 ≤MBBO < 30 kg/m2, high group: 30 kg/m2 ≤MBBO),
and the background variables were also presented as
median (IQR) for the continuous variables and counts
with proportions for the categorical variables by MBBO
groups. This division was performed to fully understand
the characteristics of the groups and the distribution
of complications in the groups. The continuous and
categorical variables were compared among the three
MBBO groups by using the Kruskal-Wallis test and χ2 test,
respectively.
Univariate analyses were performed by logistic regression models with advanced retinopathy and nephropathy
as the outcome. The explanatory variables of these analyses were as follows: age, sex, duration of diabetes, family
history of type 2 diabetes, smoking history, BMI on admission, MBBO, Δyear, hemoglobin A1c (HbA1c), CPI, and
the presence of hypertension, dyslipidemia, and hyperuricemia. Multivariate analyses were also performed with
advanced retinopathy and nephropathy as the outcome
by logistic regression. In the multivariate analyses, to
investigate the impact of BMI, MBBO, and age at MBBO
on prediction, a prediction model was constructed by
using a stepwise method with backward selection for all
variables that excluded them, and we evaluated whether
adding these factors to the model would improve prediction accuracy by cross-validation. Model 1 was defined
as the logistic regression model with variables that were
selected from among all variables except BMI, MBBO,
and age at MBBO by the backward stepwise method with
the criterion of p<0.2. Models 2 and 3 were defined as
the models adding BMI on admission and MBBO, respectively, in addition to the variables used in model 1. Since
MBBO is a past factor in comparison with other factors,
a model adjusting the period ‘Δyear’ in addition to the
variables used in model 3 was also constructed as model
4. The performance of prediction for each model was
evaluated by the areas under the curve (AUCs) calculated
validation, and these were compared
by tenfold cross-
among models according to the previous studies.22 23
We selected the largest AUC as the best performance
model. All results generated by the logistic regression
model were summarized by the OR with its 95% CIs and
4

the corresponding p values. The significance level in
all analyses was p<0.05, and all statistical analyses were
performed with JMP Pro 13 (SAS Institute Inc).
RESULTS
Clinical characteristics of the study subjects
The clinical characteristics of the subjects are shown in
table 1. The median HbA1c was 8.5% (70 mmol/mol),
and most of the subjects had poor glycemic control,
which was reflected by the need for hospital treatment.
Patients with MBBO≥30 kg/m2 were younger and had
a younger age at diagnosis of T2DM than those in the
other groups. In the three groups divided by MBBO,
the duration of diabetes was not different, but a higher
value of MBBO was associated with a higher value of CPI.
Before admission, 38.4% of subjects were treated with
sulfonylureas, 3.2% with glinides, 23.7% with biguanides,
8.0% with thiazolidinediones, 17.2% with α-glucosidase
inhibitors, 35.2% with dipeptidyl peptidase-4 inhibitors
(DPP-
4is), 2.3% with sodium-
glucose cotransporter 2
inhibitors, 4.1% with glucagon-like peptide-1 receptor
agonists (GLP-
1RAs) and 26.9% with insulin; 20.7%
were receiving no medication (table 1). At laboratory
evaluation, 14.5% of subjects were treated with insulin
secretagogues, including sulfonylureas, glinides, DPP-
4is or GLP-1RAs, and 44.8% were receiving basal insulin
(neutral protamine Hagedorn or long-
acting insulin)
(table 1).
There was a higher rate of comorbidities such as
hypertension, hyperuricemia, advanced retinopathy and
nephropathy in the MBBO ≥30 kg/m2 group than in the
other groups. Univariate logistic regression suggested
that MBBO was associated with advanced retinopathy,
while BMI on admission was not. However, univariate
logistic regression also suggested that MBBO and BMI on
admission could be associated with advanced nephropathy (table 2). There was no difference in proportion
of history of CVD among the three groups divided by
MBBO (table 1).
MBBO was independently associated with advanced
retinopathy
As a result of stepwise backward elimination for advanced
retinopathy, age, duration, smoking history, CPI and
the presence of hypertension and hyperuricemia were
selected (table 3, model 1). Second, a multiple logistic
regression adding ‘BMI on admission’ to the variables
used in model 1 was performed (table 3, model 2).
The p value of the analysis including BMI on admission
was 0.85, indicating no significant association between
BMI on admission and advanced retinopathy. Then, a
multiple logistic regression adding MBBO to the variables used in model 1 was performed (table 3, model 3).
The p value of the analysis including MBBO was 0.041,
indicating a significant association between MBBO and
advanced retinopathy. Finally, a multiple logistic regression adding Δyear to the variables used in model 3 was
BMJ Open Diab Res Care 2021;9:e002466. doi:10.1136/bmjdrc-2021-002466
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Table 2 Results of univariate logistic regression for diabetic microvascular complications
Model A: advanced retinopathy as the dependent
variable

Model B: advanced nephropathy as the dependent
variable

OR

95% CI

P value

OR

95% CI

Age (years)

0.99

0.98 to 1.01

0.71

0.99

0.98 to 1.02

0.79

Sex

1.09

0.71 to 1.70

0.69

3.21

1.77 to 6.18

<0.0001

Duration (years)

1.06

1.03 to 1.08

<0.0001

1.04

1.02 to 1.07

0.0003

Family history

1.17

0.76 to 1.80

0.49

0.84

0.51 to 1.41

0.51

Smoking history

0.73

0.47 to 1.13

0.15

1.23

0.73 to 2.08

0.44

2

P value

BMI on admission (kg/m )

1.01

0.97 to 1.05

0.68

1.06

1.02 to 1.11

0.0088

MBBO (kg/m2)

1.05

1.01 to 1.08

0.013

1.10

1.06 to 1.15

<0.0001

Δyear (years)

1.03

1.01 to 1.04

0.0001

1.02

1.01 to 1.04

0.0047

HbA1c (%)

1.08

0.97 to 1.20

0.17

1.08

0.95 to 1.23

0.22

CPI

0.72

0.53 to 0.95

0.019

1.58

1.21 to 2.08

0.0010

Hypertension

2.03

1.30 to 3.22

0.0018

7.57

3.73 to 17.52

Dyslipidemia

1.17

0.76 to 1.81

0.49

1.70

1.00 to 2.98

Hyperuricemia

2.33

1.45 to 3.74

0.0005

6.15

3.59 to 10.62

<0.0001
0.0499
<0.0001

BMI, body mass index; CPI, C-peptide index; HbA1c, hemoglobin A1c; MBBO, maximum BMI before onset.

MBBO was also independently associated with advanced
nephropathy
As a result of stepwise backward elimination for advanced
nephropathy, sex, duration, HbA1c, CPI and the presence of hypertension and hyperuricemia were selected
(table 4, model 1). In model 2 shown in table 4, the p
value of the analysis including BMI on admission was
0.46, indicating no significant association between BMI
on admission and advanced nephropathy. In model 3,
the p value of the analysis including MBBO was 0.0018,
indicating a significant association between MBBO and
advanced nephropathy (table 4). In model 4, MBBO was

performed (table 3, model 4). The p value of the analysis
including MBBO was 0.033, and the p value of the analysis including Δyear was 0.023, indicating that there was
also a significant association between Δyear and advanced
retinopathy. In comparing each AUC among the four
models yielded by cross-validation, the models including
MBBO exhibited slightly increased predictive performance for diabetic complications, but the increase of the
performance was not statistically significant (p=0.20 or
p=0.14). These analyses in model A revealed that high
MBBO was independently associated with advanced retinopathy after adjusting for other variables, although BMI
on admission was not.

Table 3 Multiple logistic regression with advanced diabetic retinopathy as the dependent variable
Model 1

Model 2

OR

95% CI

Age

0.96

0.94 to 0.99

0.0018 0.97

0.94 to 0.99

Duration

1.06

1.03 to 1.09

<0.0001 1.06

1.03 to 1.09

Smoking

0.73

0.45 to 1.18

0.20

0.73

0.46 to 1.18

HbA1c

1.09

0.96 to 1.25

0.18

1.10

0.96 to 1.25

CPI

0.63

0.42 to 0.90

0.015

0.62

HT

2.18

1.24 to 3.86

0.0072 2.15

HUA

2.35

1.33 to 4.16

BMI

 

MBBO

 

Δyear
 

P value

OR

95% CI

Model 3

Model 4

OR

95% CI

0.0037

0.97

0.95 to 0.99

<0.0001

1.06

1.03 to 1.09

0.20

0.76

0.47 to 1.22

0.25

0.18

1.08

0.94 to 1.24

0.25

0.41 to 0.91

0.019

0.54

1.20 to 3.87

0.011

1.91

0.0032 2.35

1.33 to 4.16

0.0032

1.01

0.95 to 1.07

0.85

 

P value

P value

OR

0.026

0.96

0.94 to 0.99

0.0050

<0.0001 1.05

1.02 to 1.08

0.0021

0.74

0.46 to 1.21

0.23

1.09

0.95 to 1.25

0.21

0.35 to 0.81

0.0036 0.56

0.36 to 0.83

0.0052

1.07 to 3.42

0.030

1.85

1.03 to 3.33

0.040

2.45

1.38 to 4.36

0.0023 2.38

1.34 to 4.25

0.0033

1.05

1.00 to 1.11

0.041

1.05

1.00 to 1.11

0.033

1.03

1.00 to 1.05

0.023

 

 

 

 

AUC: 0.704

AUC: 0.701

AUC: 0.715

95% CI

P value

 

AUC: 0.723

Model 1: all explanatory variables except BMI on admission, MBBO, and age at MBBO were included and then excluded if the variable was not
statistically significant at a 20% level (p<0.20) via stepwise backward elimination. Model 2: model 1+BMI on admission; model 3: model 1+MBBO;
model 4: model 3+Δyear.
AUC, area under the curve; BMI, body mass index; CPI, C-peptide index; HbA1c, hemoglobin A1c; HT, hypertension; HUA, hyperuricemia; MBBO,
maximum BMI before onset; Δyear, the period from age at MBBO to admission.
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AUC: 0.812

 

 
AUC: 0.812

MBBO

Δyear
 

Model 1: All explanatory variables except BMI on admission, MBBO, and age at MBBO were included and then excluded if the variable was not statistically significant at a 20% level (p<0.20)
via stepwise backward elimination. Model 2: model 1+BMI on admission; model 3: model 1+MBBO; model 4: model 3+Δyear.
AUC, area under the curve; BMI, BMI on admission; CPI, C-peptide index; HbA1c, hemoglobin A1c; HT, hypertension; HUA, hyperuricemia; MBBO, maximum BMI before onset; Δyear, the
period from age at MBBO to admission.

0.10
1.02
0.99 to 1.05
AUC: 0.831
 
AUC: 0.828

1.04 to 1.16
1.10
0.0018

1.76 to 6.36
1.79 to 6.39

1.03 to 1.15
1.09
 

0.46
0.96 to 1.09

1.73 to 6.08
3.24
1.77 to 6.21

 

3.31
HUA

BMI

0.0002

1.02

0.0002

3.38

 

 

3.35
0.0002

0.0009

0.0002

0.0002

0.26

4.97

2.13 to 11.62

0.84 to 1.82
1.25
0.30

<0.0001

0.83 to 1.78
1.22

5.53
<0.0001

0.056
0.99 to 2.09

2.46 to 13.13
5.68

1.43
0.020

<0.0001
2.68 to 14.44

1.51

5.87

CPI

HT

1.07 to 2.14

2.39 to 12.81

1.03 to 1.43
1.21
1.25
HbA1c

1.07 to 1.47

0.0067

1.24

1.06 to 1.47

0.0083

1.19

1.01 to 1.41

0.037

0.025

0.019
0.039
1.15 to 4.82
1.00 to 1.07
2.35
1.04
2.23
1.05
Sex
Duration

1.12 to 4.61
1.02 to 1.08

0.026
0.0023

2.23
1.05

1.11 to 4.51
1.02 to 1.08

0.025
0.0019

2.28
1.05

1.12 to 4.65
1.02 to 1.08

0.023
0.0022

P value
95% CI
OR
P value
OR
95% CI

P value
OR

95% CI

P value

OR

95% CI

Model 4
Model 3
Model 2
Model 1

Multiple logistic regression with advanced diabetic nephropathy as the dependent variable
Table 4
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significant, but Δyear was not significant (p values of the
analyses including MBBO and Δyear were 0.0009 and
0.10, respectively), indicating that there was no significant association between Δyear and advanced nephropathy (table 4). In comparing each AUC among the four
models yielded by cross-validation, the models including
MBBO exhibited slightly increased predictive performance for diabetic complications, but the increase of the
performance was not statistically significant (p=0.13 or
p=0.083). These analyses for advanced nephropathy
revealed that a high MBBO was also independently associated with advanced nephropathy after adjusting for
other variables, although BMI on admission was not.
CONCLUSIONS
This study revealed that MBBO would enable us to
predict the progress of patient’s diabetic complications at
the time of diagnosis of diabetes mellitus. We showed that
MBBO was independently associated with advanced retinopathy and nephropathy, while BMI on admission was
not. The risk factors previously reported for the development of DR include hyperglycemia, diabetes duration,
hypertension, and HbA1c, while among obesity-related
factors, BMI,24 past maximum BMI (regardless of onset of
diabetes),5 6 and metabolic syndrome were also reported.25
The risk factors previously reported for the development of DN include obesity, hypertension, dyslipidemia,
hyperuricemia,26 and HbA1c,27 while past maximum BMI
(regardless of onset of diabetes) was also reported.6 As
MBBO is the past maximum BMI of the subjects in this
study, the results in this study are consistent with those
of previous studies. However, little has been known as a
factor forecasting diabetic complications at the time of
diagnosis of diabetes mellitus. This study has the advantage of showing that MBBO would enable us to estimate
the risk of advanced diabetic complications at the time of
diagnosis of diabetes mellitus.
This study revealed the association between MBBO and
advanced complications. As we previously reported that
high MBBO was associated with high insulin secretion
levels,14 patients with high MBBO may present hyperinsulinemia due to insulin resistance related to obesity. A
previous study showed that hyperinsulinemia induced
inflammatory processes in the arteries of rats despite
normal glucose levels.15 In vascular smooth muscle cells
of hyperinsulinemic rats, insulin increased the levels
of inflammatory cytokines, which were reported to be
aggravating factors for retinopathy28 and nephropathy.29
Thus, hyperinsulinemia could be one of the possible
mechanisms underlying the association between MBBO
and retinopathy or nephropathy. Another possible mechanism might be associated with abnormal adipocytokine
secretion, which is derived from obesity30 and could
affect microvascular complications.31 The high MBBO
group might have been affected by hyperinsulinemia and
obesity, perhaps for a long time, even before the onset of
diabetes. While the progression of diabetic complications
BMJ Open Diab Res Care 2021;9:e002466. doi:10.1136/bmjdrc-2021-002466
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is affected by glycemic control and diabetes duration,
MBBO, which allows us to estimate a patient’s risk of
diabetic complications at the time of diagnosis of diabetes
mellitus, could be a superior factor for predicting the
development of diabetic complications.
BMI at entry has been used in most studies that examine
the relationship between body weight and disease. In our
study, we used MBBO or BMI on admission in multiple
logistic regression analyses. In multiple logistic regression, there was no significant association between BMI
on admission and advanced retinopathy or nephropathy. To clarify the characteristics of the BMI groups on
admission, we divided patients into two groups based on
BMI on admission (normal BMI group: BMI on admission <25 kg/m2, n=220; high BMI group: BMI on admission ≥25 kg/m2, n=215), and continuous and categorical
variables were compared between the two BMI groups
on admission by using the Kruskal-Wallis test and χ2 test,
respectively. This comparison revealed that subjects in
the high BMI group had more advanced diabetic microvascular complications than those in the normal BMI
group (normal BMI group vs high BMI group; retinopathy: 23.3% vs 30.4%, p=0.096; nephropathy: 11.9%
vs 21.4%, p=0.0077), while the high BMI group had a
shorter diabetes duration than the normal BMI group (7
vs 13 years, p<0.0001). Thus, the high BMI group could
have an earlier onset of advanced diabetic microvascular
complications than the normal BMI group. These results
indicate the importance of treatment for current obesity
to control diabetic complications. Considering that BMI
does not indicate the existence or duration of past hyperinsulinemia, we should not overlook the high risk for
diabetic complications in patients with normal BW at
present.
Additionally, we analyzed the contribution of ΔBMI
(MBBO minus BMI on admission) to advanced diabetic
microvascular complications. We divided the patients
into two groups based on their ΔBMI and compared
the continuous and categorical variables between the
two ΔBMI groups by using the Kruskal-Wallis test and χ2
test, respectively. As a result, more patients had advanced
diabetic complications in the higher ΔBMI group.
There was no difference in BMI on admission between
these two groups, while patients with higher ΔBMI had
younger ages of diabetes diagnosis, longer duration of
diabetes and higher MBBO, suggesting that they could
have been exposed to higher serum insulin level in the
longer duration of obesity, resulting in the advanced
diabetic complications.
In this study, we also analyzed the association of DR
and DN with hypertension, dyslipidemia and hyperuricemia, which are well-
known causes of arteriosclerosis.32–34 We found that hypertension or hyperuricemia
was independently associated with advanced complications, and these findings are consistent with previous
research.24 26 35 36 However, dyslipidemia was not associated with advanced complications. A recent study demonstrated that dyslipidemia was involved in the development
BMJ Open Diab Res Care 2021;9:e002466. doi:10.1136/bmjdrc-2021-002466

of DR.37 As we did not examine the relationship between
actual cholesterol level and diabetic complications, the
relationship between dyslipidemia and diabetic complications should be examined using the cholesterol level
after adjusting medication for dyslipidemia.
This study had some limitations. First, it was a retrospective cross-sectional observational study. Prospective
longitudinal studies evaluating the effects of treatments
are necessary to clarify the actual change in individual
patient complications. Second, we excluded many
patients whose maximum BMI was reached after the
diagnosis of type 2 diabetes mellitus from this study. BMI
that reached a maximum level after the development of
type 2 diabetes mellitus was affected by the use of hypoglycemic agents and/or insulin and would not indicate
the patients’ potential body weight changes. Third, we
did not evaluate medications for hypertension, dyslipidemia or hyperuricemia. It would be necessary for more
accurate analyses to adjust for these medications. Finally,
maximum insulin secretion can be observed before the
onset of diabetes mellitus in Japanese patients with type
2 diabetes. However, maximum insulin secretion may
be observed even after the onset of diabetes mellitus in
other populations. Therefore, the observation shown in
this study may only be true for the Japanese patients.
In conclusion, MBBO was independently associated
with advanced diabetic complications. Diabetic microvascular complications in patients with high MBBO could
progress more rapidly. Therefore, we need to consider
complications in these patients more carefully.
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