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Aim: This study examined the association among the onset of diabetic kidney disease

(DKD), blood glucose levels (HbA1C), and body mass index (BMI) in Japanese patients with

type 2 diabetes mellitus.

Methods: Patients eligible for this study included those with type 2 diabetes who visited the

outpatient clinic at Kawasaki Medical School Hospital between 2000 and 2018 and were

followed up for more than two years. The Cox proportional hazards model was used in four

categories of subjects: at the beginning of the follow-upperiod, ‘‘controlled” or ‘‘uncontrolled”

glycemic control based on HbA1c and ‘‘overweight” or ‘‘non-overweight” based on BMI.

Results: After dividing the participants into four categories according to HbA1c (lower than

7.0% (C) or higher (U)), and BMI (25 kg/m2 or higher (O) or lower (N)), hazard ratios for groups

CO, UN, and UO were 1.40 (95% CI 1.03–1.90, P = 0.030), 1.40 (1.04–1.88, P = 0.027), and 1.54

(1.12–2.11, P = 0.008), respectively, compared with the CN reference group, after adjustment

wasmade for age, sex, duration of diabetes, andmedication for hypertension ordyslipidemia.

Conclusion: Maintenance of both an HbA1c level lower than 7.0% and a BMI lower than

25 kg/m2 was important for the prevention of DKD in Japanese patients with type 2 diabetes

mellitus. Both factors had a similar effect on DKD in this study.
� 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Excluded for younger than 20 years
(n=13)

N=4253

Excluded for having any 
microangiopathy at the beginning of 
follow up (n=1682) 

N=2571

Excluded for having any 
microangiopathy during initial three 
years (n=265)

Completed inclusion criteria 
(n=2306)

Outpatients for treatment for type 2 diabetes
(n=4266)

Fig. 1 – Flow chart of the study participants.
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1. Introduction

The goal for patients with diabetes is to secure years of

healthy life by controlling the disorder and thereby to main-

tain a quality of life equivalent to that of their healthy coun-

terparts. To achieve this objective, it is important to prevent

the onset and progression of various diabetic complications.

Diabetic kidney disease (DKD) including diabetic nephropa-

thy, for example, is the leading cause of end-stage renal dis-

ease (ESRD), which requires treatment with hemodialysis.

The prevention of such complications therefore represents

an important issue in clinical practice and public health [1].

In Japan, recommendations call for the setting of the HbA1c

target level at <7.0% to ensure prevention of diabetic

microvascular complications, a target that is also recognized

as reasonable for most nonpregnant adults in the guidelines

of American Diabetes Association and European Association

for the Study of Diabetes [2]. At the same time, recommenda-

tions suggest that glycemic control goals be determined on an

individual basis [3].

Obesity itself has also received increased attention for its

close association with increased risk of developing kidney

disease [4,5]. Obesity is a metabolic disorder whose preva-

lence has increased dramatically in many developed coun-

tries over the last 30 years. In fact, in 2015, data from the

Global Burden of Disease Study suggested that 603.7 million

adults across the globe were obese [6]. Intensive bodyweight

management based on strict dietary therapy is a common

treatment method for type 2 diabetes. This therapy often

results in remission of the disease being one conceivable out-

come [7], leading to the prevention of diabetic microangiopa-

thy. In 2000, the Japan Society for the Study of Obesity (JASSO)

defined obesity as body mass index (BMI) �25.0 kg/m2; in

Japan, this value has been established as the cut-off for

increased risk of obesity-related complications such as hyper-

tension, dyslipidemia, and hyperglycemia [8]. However, this

definition is defined as ‘‘overweight” in World Health Organi-

zation (WHO) criteria [9].

Accordingly, to prevent DKD, it is almost certainly neces-

sary to keep glycemic control of HbA1c lower than 7.0% and

to maintain BMI below 25 kg/m2 for Japanese patients with

type 2 diabetes mellitus. While both indexes have broad util-

ity, the clinical question of which index is more important

naturally arises with respect to risk of DKD. This study retro-

spectively examined the association among target levels of

HbA1c, BMI, and onset of DKD in Japanese subjects with type

2 diabetes, using outpatient clinic cohort data to clarify this

underlying clinical question.

2. Materials and methods

2.1. Study population and patient preparation

Patients eligible for this study included those diagnosed with

type 2 diabetes who visited the diabetes outpatient clinic at

Kawasaki Medical School Hospital between 2000 and 2018

and could be followed for a continuous period of at least

two years. Patients younger than 20 years of age at the begin-

ning of follow-up were excluded in advance. BMI was calcu-
lated by dividing weight in kilograms by height in meters

squared. To investigate the relationship among HbA1c, BMI,

and onset of DKD, and subsequently neuropathy and

retinopathy, a dataset was prepared of 2306 subjects without

diabetic microangiopathy at the start of follow-up and during

the initial three years to prevent bias due to reverse causation

(Fig. 1). The hospital’s ethics committee approved the study

protocol, and information pertaining to the study was pro-

vided to the public via the Internet, instead of informed con-

sent being obtained from each individual patient (No. 2847-1),

based on the 2013 Helsinki Declaration. Data collection for

variables such as type(s) of medication, duration of diabetes,

and biochemical data were performed starting with the

patient’s first visit for the three-month period from August

to October of each year. The aim of such data collection was

to reduce the effects of seasonal variations in HbA1c level,

as has been described previously [10,11].

We divided the subjects by HbA1c value at the beginning of

the follow-up into two groups based on the Kumamoto Decla-

ration [3], as follows: a ‘‘controlled” group (C), defined as hav-

ing HbA1c < 7.0%, and an ‘‘uncontrolled” group (U), with

HbA1c � 7.0%. In addition, we divided the subjects by BMI

level at the beginning of their follow-up into two groups based

on JASSO criteria [8], as follows: a ‘‘non-overweight” group (N),

with BMI < 25 kg/m2, and an ‘‘overweight” group (O), with

BMI � 25 kg/m2. All participants were divided into these four

categories in accordance with the following various combina-

tions of HbA1c and BMI: groups of controlled non-overweight

(CN), controlled overweight (CO), uncontrolled non-

overweight (UN), and uncontrolled overweight (UO).

The frequency of DKD onset was then compared among

the aforementioned four groups. In all participants, DKD

was classified from normal to dialysis stage in accordance

with their classification of diabetic nephropathy in 2014 [12],

based on eGFR of <30 mL/min/1.73 m2 and/or microalbumin-

uria value of �30 mg/gCr. Furthermore, the frequency of dia-

betic microangiopathy onset apart from DKD was compared

respectively. Diabetic retinopathy was diagnosed by ophthal-

mologists [13]. Diabetic neuropathy was assessed by the
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physician in charge based on the abbreviated criteria pub-

lished by the Diabetic Neuropathy Study Group in Japan [14].

All complications were diagnosed by the physicians in charge

based on the criteria described above.

The study used duration of diabetes and medication(s) for

hypertension and/or dyslipidemia at the start of follow-up as

possible confounding factors contributing to diabetic

microangiopathy onset.

2.2. Statistical analysis

The data are expressed as mean and standard deviation. Con-

tinuous variables at the start of follow-up were compared

using an age- and gender-adjusted analysis of covariance

(ANCOVA) for comparisons among the four groups divided

by HbA1c and BMI. To confirm the effect of HbA1c and BMI

levels on DKD onset, the Cox proportional hazards model

was used, following adjustment for age, gender, duration of

diabetes, and medication(s) for hypertension and/or dyslipi-

demia at the start of follow-up as confounders. The develop-

ment of DKD was designated as a dependent variable (during

observation period, 1, development; 0, no development).

When using the Cox model to evaluate the hazards ratios of

the CO, UN, and UO groups, the CN group was deemed the ref-

erence group. In addition, to confirm the effect of HbA1c and

BMI levels on DKD onset, the same methods were utilized.

Other hazards ratios were evaluated for development of

neuropathy, retinopathy, and microangiopathy, including

the three complications in the same way to clarify the impact

of glycemic control and overweight on other complications. P

values of < 0.05 were considered to indicate statistical signif-
Table 1 – Baseline clinical characteristics in each group based o

Controlled
non-overweight (CN)

Co
ov

M/F (n) 504/324 33
Development of
microangiopathyduring
follow-up period (Neuro/
Retino/Nephro)

174 (84/34/102) 10

Age (years) 64.2 ± 10.4 57
Duration of type 2
diabetes (years)

5.6 ± 6.7 4.

BMI (kg/m2) 22.0 ± 2.1 28
Mean HbA1c (%) 6.2 ± 0.4 6.
SBP (mmHg) 125 ± 16 12
DBP (mmHg) 71 ± 11 75
TCH (mg/dl) 193 ± 71 19
HDLC (mg/dl) 56 ± 17 50
TG (mg/dl) 129 ± 97 17
Treatment for diabetes (n)
Insulin/SU/Glinides/TZD 57/88/80/67 28
BG/a-GI/DPP-4I 69/93/81 13
SGLT2I/GLP-1RA 4/1 2/
Treatment for dyslipidemia (n) 259 23
Treatment for hypertension (n) 193 16

Data are shown as mean ± SD. *: P < 0.05 compared to category of CN afte

Nephro: nephropathy; BMI: body mass index; SBP: systolic blood pressu

density lipoprotein cholesterol; TG: triglycerides; SU: sulfonylureas; TZD

DPP-4I: dipeptidyl peptidase-4 inhibitors; SGLT2I: sodium-glucose co-tran
icance. Statistical analyses were performed using JMP soft-

ware (version 13.2 for Windows, SAS Institute).

3. Results

3.1. Clinical characteristics of study participants and
onset of DKD as HbA1c or BMI continuous data

Mean age at the start of the study and follow-up duration for

all participants were 61.0 ± 12.2 years and 5.96 ± 6.89 years,

respectively. The numbers for each group classified in accor-

dance with HbA1c and BMI were as follows: 828 for group

CN, 549 for CO, 520 for UN, and 409 for UO. Table 1 shows

the clinical characteristics at baseline.

The hazard ratios for development of DKD for HbA1c (%)

and BMI (kg/m2) after adjustment for age, gender, duration

of diabetes, and medication(s) used for hypertension or dys-

lipidemia at the start of the study were 1.20 (1.10–1.30,

P < 0.0001) and 1.03 (1.01–1.07, P = 0.020). These data indicate

the benefit of both strict glycemic control and intensive body-

weight management for the prevention of DKD in all partici-

pants in this study.

3.2. Onset of DKD in four categories by combined HbA1c
and BMI

The Cox proportional hazards model for development of DKD

was used in analysis of the four categories after adjustment

was carried out for age, gender, duration of diabetes, and

medication(s) used for hypertension or dyslipidemia at the

start of the study. The hazard ratios of groups CO, UN, and
n HbA1c and BMI among patients with type 2 diabetes.

ntrolled
erweight (CO)

Uncontrolled
non-overweight (UN)

Uncontrolled
overweight (UO)

9/210 310/210 234/175
5 (49/12/74) 142 (95/58/80) 102 (61/35/67)

.4 ± 12.9* 63.4 ± 10.8 56.4 ± 13.8*
8 ± 5.8 7.8 ± 8.2* 5.8 ± 6.9

.6 ± 3.5* 21.7 ± 2.3 28.7 ± 3.4*
2 ± 0.4 7.7 ± 1.1* 7.9 ± 1.2*
7 ± 15 124 ± 15 129 ± 16*
± 11* 70 ± 10 75 ± 11*
4 ± 64 195 ± 40 202 ± 38*
± 13* 55 ± 15 48 ± 12*
2 ± 110* 152 ± 148* 204 ± 241*

/48/55/74 125/121/65/51 78/67/35/58
3/56/61 74/69/49 124/45/45
4 3/0 4/6
3 150 161
8 95 108

r adjustment for age and sex. Neuro: neuropathy; Retino: retinopathy;

re; DBP: diastolic blood pressure; TCH: total cholesterol; HDLC: high

: thiazolidinedione; BG: biguanide; a-GI: alpha-glucosidase inhibitors;

sporter 2 inhibitors; GLP-1RA: glucagon-like peptide 1 receptor agonist.
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Fig. 2 – Adjusted hazard ratios for DKD. The subjects were

divided into four groups by HbA1c and BMI. Group CN:

HbA1c < 7.0% and BMI < 25 kg/m2; group CO: HbA1c < 7.0%

and BMI � 25 kg/m2; group UN: HbA1c � 7.0% and

BMI < 25 kg/m2; and group UO: HbA1c � 7.0% and

BMI � 25 kg/m2. *P < 0.05 compared with group CN. †P < 0.01

compared with group CN.
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UO, compared with group CN as a standard, were 1.40 (95% CI

1.03–1.90, P = 0.03), 1.40 (1.04–1.89, P = 0.028), and 1.54 (1.12–

2.11, P = 0.008), respectively (P = 0.005 for trend) (Fig. 2). For
Fig. 3 – Adjusted hazard ratios for neuropathy (a), retinopathy (

into four groups by HbA1c and BMI. Group CN: HbA1c < 7.0% an

m2; group UN: HbA1c � 7.0% and BMI < 25 kg/m2; and group UO

group CN. †P < 0.01 compared with group CN.
the prevention of DKD, therefore, there may be similar impor-

tance in maintaining HbA1c < 7.0% and BMI < 25 kg/m2, in

consideration of the hazard ratios of groups CO and UN (see

Fig. 3.).

3.3. Onset of neuropathy, retinopathy, and total
microangiopathy in the four categories by combined HbA1c
and BMI

Adjusted hazard ratios for development of neuropathy,

retinopathy, and total microangiopathy for HbA1c (%) and

BMI (kg/m2) were 1.28 (1.18–1.38, P < 0.0001) and 1.01 (0.98–

1.04, P = 0.69), 1.43 (1.30–1.58, P < 0.0001) and 0.98 (0.93–1.03,

P = 0.30), and 1.19 (1.11–1.27, P < 0.0001) and 1.02 (0.99–1.04,

P = 0.18), respectively. These data suggest the benefit of strict

glycemic control for the prevention of diabetic neuropathy,

retinopathy, and total microangiopathy in all study partici-

pants. However, intensive bodyweight management appears

to not be beneficial for the prevention of the two microan-

giopathies of neuropathy and retinopathy.

The Cox proportional hazards model for development of

neuropathy was used in analysis of the four categories after

adjustment was carried out for age, gender, duration of dia-

betes, and medication(s) used for hypertension or dyslipi-

demia at the start of the study. The hazard ratios of groups

CO, UN, and UO, compared with group CN as a standard, were

1.18 (0.82–1.68, P = 0.37), 1.83 (1.36–2.47, P < 0.0001), and 1.62

(1.16–2.28, P = 0.005), respectively (Fig. 2a). The Cox propor-

tional hazards model for development of retinopathy was

used in analysis of the four categories after adjustment was

carried out for age, gender, duration of diabetes, and medica-

tion(s) used for hypertension or dyslipidemia at the start of

the study. The hazard ratios of groups CO, UN, and UO, com-
b), and total microangiopathy (c). The subjects were divided

d BMI < 25 kg/m2; group CO: HbA1c < 7.0% and BMI � 25 kg/

: HbA1c � 7.0% and BMI � 25 kg/m2. *P < 0.05 compared with
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pared with group CN as a standard, were 0.73 (0.37–1.41,

P = 0.34), 2.58 (1.67–3.99, P < 0.0001), and 2.22 (1.36–3.62,

P = 0.001), respectively (Fig. 2b). The Cox proportional hazards

model for development of total microangiopathy was used in

analysis of the four categories after adjustment was carried

out for age, gender, duration of diabetes, and medication(s)

used for hypertension or dyslipidemia at the start of the

study. The hazard ratios of groups CO, UN, and UO, compared

with group CN as a standard, were 1.22 (0.95–1.56, P = 0.12),

1.43 (1.14–1.79, P = 0.002), and 1.39 (1.08–1.78, P = 0.011),

respectively (Fig. 2c). Therefore, for the prevention of diabetic

microangiopathy, excluding nephropathy, there may be more

importance in maintaining HbA1c < 7.0% than intensively

managing BMI < 25 kg/m2.

4. Discussion

This retrospective study clarified the significance of keeping

HbA1c lower than 7.0% and BMI lower than 25 kg/m2 for pre-

venting DKD in patients with type 2 diabetes mellitus. Each of

the factors appeared to contribute in an equivalent manner to

the prevention of DKD. At the same time, however, the study

verified the greater importance of maintaining HbA1c lower

than 7.0% compared with managing BMI at a level lower than

25 kg/m2 for the prevention of microangiopathy including

neuropathy and retinopathy. These results suggest the impor-

tance of the combination of bodyweight control and glycemic

control especially in the prevention of DKD in Japanese

patients with type 2 diabetes mellitus.

Glycemic control is a fundamental tool in effective dia-

betes management. To prevent diabetic microangiopathy, it

is recommended that a patient have HbA1c of lower than

7.0% as a reasonable goal for nonpregnant adults [2,3]. Cer-

tainly, in this study, level of HbA1c was shown to be an impor-

tant determinant factor in the development of all

microangiopathies. Contrary to HbA1c, BMI was only a deter-

minant factor for nephropathy in this study. The discrepancy

may suggest that neuropathy and retinopathy were deter-

mined primarily by glycemic control, and nephropathy was

somewhat systematically affected by factors including over-

weight in addition to glycemic control. Overweight and obe-

sity are evidently associated with glomerular hyperfiltration,

either per nephron or per total kidney [15]. In a community-

based study in Japan, overweight was a significant predictor

of developing proteinuria [16]. Moreover, in a Japanese cohort,

increased BMI was associated with an increased risk for the

development of end-stage renal disease, especially in men,

even after adjustment for blood pressure and proteinuria

[17]. In addition, Todd et al. provided genetic evidence for a

causal link between obesity and diabetic kidney disease in

patients with type 1 diabetes using the Mendelian randomiza-

tion method [18]. Our study suggests that overweight was a

significant risk factor, along with poor glycemic control, for

development of DKD in Japanese patients with type 2 diabetes

mellitus.

In this study, although the UO group had the highest haz-

ard ratio among the four groups, it was not an additive

increase to the hazard ratios of groups CO and UN. The UN

group participants had a significantly longer duration of type
2 diabetes than the CN group participants, as described in

Fig. 1. Accordingly, the UN group participants may have had

a higher incidence of DKD compared with the other three

groups, leading to unexpectedly high hazard ratios in that

group, despite the fact that duration of diabetes was statisti-

cally adjusted. In addition, obese participants in groups CO

and UO were significantly younger in age than the CN group

participants, and had symptoms associated with metabolic

syndrome when compared to non-obese subjects. Patient

age may have affected the choice of medication for type 2 dia-

betes, dyslipidemia, and hypertension. Indeed, medication for

these participants differed slightly, such as the use of bigua-

nides, glucagon-like peptide 1 receptor agonist (GLP-1RA),

insulin, and treatment for dyslipidemia and hypertension,

among the four groups. These differences in medication

may have affected onset of DKD. Further study is warranted

for assessment of glycemic control and overweight in terms

of development of DKD.

The present study has several limitations. First, it was a

retrospective observational study with a limited participant

population and a limited observation period. Second, diabetes

medication was not taken into consideration. Diabetes medi-

cation was instead chosen by the physician in charge based

on a patient-centered approach considering the best available

evidence in terms of benefit, harm, patient values, prefer-

ences, and context in time, not only target HbA1c level. It

was therefore difficult to evaluate the influence of medica-

tion. Indeed, in our study, based on Fisher’s exact test, the

use of insulin, SU, biguanides, and GLP-1RA tended to be

greater in categories UN and UO; the use of biguanides or

dipeptidyl peptidase-4 inhibitors (DPP-4Is) were found to be

related to high risks for development of DKD; and no patients

taking sodium-glucose co-transporter 2 inhibitors (SGLT2Is)

developed DKD during the course of the observation period.

However, none of the medications affected our results

directly (data not shown). Third, the habits and comorbidity

factors such as smoking, diet, cognitive function, frailty, and

daily activities also were not evaluated. Fourth, the results

of this study may not be applicable to different ethnicities.

The definitions of overweight and obesity differ in JASSO [8]

and WHO [9], because the proportion of Asian people with a

higher risk of type 2 diabetes and cardiovascular disease

was substantially large, even though their BMIs were lower

than the existing WHO cut-off point for the overweight clas-

sification of 25 kg/m2 or higher. Lastly, in this study, we used

the initial data regarding HbA1c and BMI. On the other hand,

using the average HbA1c and BMI during observation period,

the hazard ratios of groups CO, UN, and UO, compared with

group CN as a standard, were 1.43 (95% CI 1.06–1.94,

P = 0.02), 1.49 (1.09–2.04, P = 0.01), and 1.91 (1.39–2.62,

P < 0.0001), respectively (P < 0.0001 for trend). Needless to

say, these results indicated the importance of maintaining

appropriate glycemic and bodyweight controls as well as the

initial data.

5. Conclusions

In conclusion, to prevent diabetic microangiopathy, any glyce-

mic control target should be set at a level lower than 7.0% for
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HbA1c. Moreover, the bodyweight target of lower than 25 kg/

m2 of BMI should be considered in combination to prevent

DKD among Japanese patients with type 2 diabetes mellitus.

Lastly, each of poor glycemic control and overweight may

put Japanese patients with type 2 diabetes mellitus at equiv-

alent risk for development of DKD.
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