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Abstract
Aims: Diabetes is recognized as the leading cause of chronic kidney disease (CKD); 
however, the association of prediabetes with CKD remains unclear, in particular, the 
independent effect of prediabetes on proteinuria or estimated glomerular filtration 
rate (eGFR) has not been evaluated. This study aimed to investigate the associations 
of prediabetes with the proteinuria development and with eGFR decline separately in 
the Japanese general population without CKD.
Methods: Participants who underwent health check- ups in 2014 and had adequate 
data after 2 years were retrospectively analysed. A total of 405,487 participants with-
out CKD (eGFR, ≥60 ml min−1 1.73 m−2, with negative or trace urinary protein) at 
baseline were categorized according to fasting plasma glucose as having diabetes 
(≥126 mg/dl [7.0 mmol/l]), prediabetes (100– 125 mg/dl [5.6– 6.9 mmol/l]) or normal 
glucose level (˂100  mg/dl [5.6  mmol/l]). Logistic regression analysis was used to 
analyse the effects of prediabetes (vs. normal glucose level) on the proteinuria de-
velopment (urinary protein of ≥1+) and eGFR decline (˂60 ml min−1 1.73 m−2) after 
2 years.
Results: After 2 years, 7037 participants (1.7%) developed proteinuria alone, 19,015 
(4.7%) presented eGFR decline alone and 636 (0.2%) showed both proteinuria and 
eGFR decline. Compared to normal glucose level and adjusting for prognostic fac-
tors, prediabetes was independently associated with the proteinuria development 
(odds ratio [OR] 1.233; 95% confidence interval [CI] 1.170– 1.301], whereas predia-
betes was not associated with eGFR decline (OR 0.981; 95% CI 0.947– 1.017).
Conclusions: Prediabetes is associated with the proteinuria development but not with 
eGFR decline in the general population.
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1 |  INTRODUCTION

Chronic kidney disease (CKD) has become a serious public 
health concern as its prevalence is increasing worldwide and 
increases the risk for end- stage renal disease (ESRD), cardio-
vascular disease (CVD) and mortality, requiring high medi-
cal expenses.1– 3 To reduce the health and economic burden, 
identifying factors predisposing an individual to CKD is war-
ranted. CKD is classified according to both albuminuria (or 
proteinuria) and estimated glomerular filtration rate (eGFR) 
stages, and the risk for all- cause mortality, CVD mortality 
and ESRD in each category is reflected by the colour inten-
sity in a heat map.4

Diabetes is well recognized as the leading cause of CKD 
in most countries, accounting for 30%– 40% of CKD in the 
United States.5 Prediabetes is defined as an intermediate 
state of hyperglycaemia, in which blood glucose is higher 
than normal but lower than that in diabetes, and 34.5% of US 
adults, four times of the number of diabetes, are estimated to 
have prediabetes.6 Several studies reported that 20%– 30% of 
individuals with newly diagnosed diabetes mellitus already 
have microalbuminuria,7– 9 suggesting that renal damage al-
ready occurs before blood glucose reaches levels that define 
diabetes.

A large meta- analysis reported that prediabetes is 
modestly associated with CKD risk.10 Conversely, major-
ity of previous cohort studies reported that prediabetes 
was not associated with low eGFR alone.11– 13 Both high 
albuminuria and low eGFR are associated with higher 
risk for mortality, CVD and ESRD with or without diabe-
tes, and these two renal changes are considered to involve 
different pathophysiological mechanisms leading to the 
occurrence of CKD.14– 16 Thus, investigating the associ-
ations of prediabetes with albuminuria development and 
low eGFR separately is important to determine whether 
prediabetes affects these two parameters of CKD in a dif-
ferent way.

In Japan, a mandatory occupational health check- up 
system has been implemented to reduce the prevalence 
of lifestyle- related diseases.17 The ‘Ningen Dock’ is 
a comprehensive health check- up system providing a 
series of medical examinations using a standardized 
method throughout Japan, and >3  million people per 
year currently undergo the ‘Ningen Dock’. People of all 
ages, including many in their middle ages, experience 
the ‘Ningen Dock’ annually as a mandatory occupational 
health check- up.

This study aimed to investigate the relationship between 
prediabetes and CKD, focusing on the proteinuria develop-
ment and eGFR decline separately, using the ‘Ningen Dock’ 
database including a large Japanese general population with-
out CKD.

2 |  MATERIALS AND METHODS

2.1 | Study design

Participants who underwent health check- ups in 2014 and had 
adequate data for renal function after 2 years were retrospec-
tively analysed. A total of 405,487 participants without CKD 
(eGFR, ≥60 ml min−1 1.73 m−2, with negative or trace urinary 
protein) at baseline were categorized according to the baseline 
diabetic status (diabetes, prediabetes or normal glucose level). 
Logistic regression analysis was performed to analyse the effects 
of prediabetes on the proteinuria development (urinary protein, 
≥1+) and eGFR decline (˂60 ml min−1 1.73 m−2) after 2 years.

2.2 | Population

The current study population consisted of adults aged 
≥20 years who underwent health check- ups in 2014 at 174 
facilities that belong to Japan Society of Ningen Dock and 
had complete annual data in 2014. Participants with urinary 
protein scores of ≥1+, eGFR of ˂60 ml min−1 1.73 m−2 or 
with history of kidney diseases based on the interview at 
baseline (2014) were excluded. After exclusions, the analysis 
was limited to those who underwent health check- ups after 
2 years (2016) and had data on fasting plasma glucose (FPG), 
eGFR and urinary protein. Finally, participants without CKD 
at baseline were included for analysis (Figure 1).

What is already known?
• A large meta- analysis reported that prediabetes 

is moderately associated with chronic kidney 
disease (defined as the combination of proteinu-
ria and low estimated glomerular filtration rate 
[eGFR]).

• Previous cohort studies reported that prediabetes 
had no association with low eGFR alone.

• Prediabetes may affect proteinuria development 
and eGFR decline in different ways.

What this study has found?
• Prediabetes is associated with proteinuria develop-

ment, but not with eGFR decline in the Japanese 
general population.

What are the clinical implications of the study?
• Proteinuria in prediabetes might be an early de-

tectable renal change.
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This study was conducted using the large- scale database be-
longing to Japan Society of Ningen Dock with the support from 
‘Research Committee for the Large- scale Database of Japan 
Society of Ningen Dock’. This research was conducted in com-
pliance with Declaration of Helsinki. This study was approved 
by the Ethics Committee of Japan Society of Ningen Dock (ap-
proval number JSND- EC: 2017- 0015) and Ethical Committee of 
Comprehensive Health Science Center (approval date December 
28, 2018). Participants’ data were collected and anonymized at 
each facility, and datasets were sent to Japan Society of Ningen 
Dock. Requirement for written informed consent was waived, 
given the retrospective and anonymized nature of the study.

2.3 | Measurements

The database consists of demographic, physical and labo-
ratory data including body mass index (BMI) [weight (kg)/
height (m)2], waist circumference (WC), systolic and di-
astolic blood pressure (BP), FPG, glycated haemoglobin 
(HbA1c), triglycerides, high- density lipoprotein (HDL) cho-
lesterol, low- density lipoprotein (LDL) cholesterol, serum 
creatinine and urinary protein. After an overnight fasting, 
complete medical check- up was performed in the morning, 
and blood samples and random urine samples were obtained 
at each facility. BP was measured after 5 minutes of quiet 
rest, and mean of two BP measurements at a visit was used. 
All participants were required to complete self- administered, 
standardized questionnaires during health check- ups to as-
sess for the current intake of medications for diabetes, hyper-
tension and hyperlipidaemia; lifestyle habits such as smoking 
status; daily exercise; eating habit; and history of cardiac dis-
ease, stroke and kidney disease. The quality of health check-
 up from each facility was standardized as all facilities passed 
the functional evaluation conducted by the Japan Society of 

Ningen Dock. In these facilities, health assessments were per-
formed by doctors, nurses, dietitians, laboratory technicians 
and radiologists who undergo regular training. Therefore, 
the bias in the measurements is considered to be minimized. 
Hypertension was defined as BP of ≥140/90 mmHg or use 
of antihypertensive medications according to the Japanese 
Society of Hypertension Guidelines for the Management 
of Hypertension (JSH 2019).18 Dyslipidaemia was defined 
as triglyceride level of ≥150  mg/dl (1.7  mmol/L), HDL 
cholesterol of ˂40 mg/dl (1.0 mmol/L), LDL cholesterol of 
≥140 mg/dl (3.6 mmol/L) or use of lipid- lowering medication 
according to the Japan Atherosclerosis Society guideline.19

2.4 | Definition of prediabetes and diabetes

Plasma glucose level was measured using the hexokinase method. 
Following the criteria of the American Diabetes Association 
(ADA),20 participants were classified as having diabetes if their 
FPG values were ≥126 mg/dl (7.0 mmol/L) or if they were tak-
ing glucose- lowering medications at baseline. Prediabetes was 
defined as FPG of 100– 125 mg/dl (5.6– 6.9 mmol/L) without 
taking glucose- lowering medications at baseline. Those with 
normal glucose level (NGL) had FPG values of ˂100  mg/dl 
(5.6 mmol/L) without taking glucose- lowering drugs at baseline.

In a sub- analysis considering HbA1c levels, participants 
with HbA1c ≥ 48 mmol/mol (6.5%) at baseline were classi-
fied as having diabetes, in addition to the above definitions.

2.5 | Estimated glomerular filtration 
rate and urinary protein

The serum creatinine level was measured with an en-
zymatic method using automated analysers. The eGFR 

F I G U R E  1  Flowchart of the study 
population. CKD, chronic kidney disease; 
eGFR, estimated glomerular filtration rate; 
FPG, fasting plasma glucose; JSND, Japan 
Society of Ningen Dock

Subjects with complete annual health check-up data in 2014 for the “Ningen Dock” examination of 174 facilities 
that belong to JSND

n=505,873

Subjects without CKD at baseline (2014)
Analysis data n=405,487

Exclude (n=93,482)
Subjects with eGFR, <60 ml/min/1.73 m2; urinary protein, ≥1+; 
or diagnosis of kidney diseases at baseline (2014)

No proteinuria,
eGFR ≥60 ml/min/1.73 m2

after 2 years (2016);
n=378,799

Exclude (n=6,904)
Subjects with missing data on FPG, eGFR, urinary protein 
after 2 years (2016)

Urinary protein ≥1+,
eGFR ≥60 ml/min/1.73 m2

after 2 years (2016); 
n=7,037

No proteinuria,
eGFR <60 ml/min/1.73 m2

after 2 years (2016); 
n=19,015

Urinary protein ≥1+,
eGFR <60 ml/min/1.73 m2

after 2 years (2016); 
n=636
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was determined using the following equation pro-
posed by the Japanese Society of Nephrology: eGFR 
(ml min−1 1.73 m−2) = 194 × age (years)−0.287 × serum cre-
atinine (mg/dl)−1.094 (×0.739, if woman).21 This equation 
is reasonably accurate in estimating GFR for the Japanese 
populations as the Chronic Kidney Disease Epidemiology 
Collaboration (CKD- EPI) equation or the Modification of 
Diet in Renal Disease equation leads to overestimation of 
GFR in Japanese populations. The eGFR decline was de-
fined as ˂60 ml min−1 1.73 m−2.4

Urinary protein was detected via urine dipstick chemi-
cal analysis with protein errors of indicators, and the results 
were classified as negative, trace, 1+, 2+ and ≥3+. Dipstick 
urine tests can mainly detect albumin, and a finding of 1+ 
represents 30 mg/dl of albumin.22 Proteinuria was defined as 
dipstick urinary protein scores of ≥1+.23 In this study, pro-
teinuria and eGFR decline were analysed individually to in-
vestigate whether prediabetes has different effects on these 
two outcomes.

2.6 | Statistical analysis

To characterize the participants at baseline (2014), continu-
ous data were presented as median (interquartile range) as all 
continuous data were non- normally distributed. Categorical 
variables were reported as frequency (%).

Univariate and multivariate logistic regression analyses 
were performed to examine the relationship between the di-
abetic status and renal outcomes (proteinuria development 
or eGFR decline) after 2 years. Age, sex, BMI, eGFR, hy-
pertension, dyslipidaemia, current smoking status, history 
of cardiac disease and stroke were used as covariates based 
on the guideline about chronic kidney disease (CKD)4 and 
data from previous reports.5,23 Age, BMI and eGFR were 
used as continuous covariates. Results of the regression 
analyses were presented as estimated odds ratios (ORs) 
with corresponding 95% confidence intervals (CIs). p val-
ues of <0.05 were considered statistically significant. All 
analyses were performed using the SPSS Statistics v. 25 
(IBM Corp.).

3 |  RESULTS

A total of 505,873 participants underwent complete annual 
health check- ups in 2014. After excluding participants with 
eGFR of ˂60  ml  min−1  1.73  m−2, urine protein of ≥1+ or 
kidney disease diagnosis at baseline and those without data 
on FPG, eGFR, urinary protein after 2 years, 405,487 partici-
pants were identified without CKD at baseline. Among them, 
378,799 participants retained the kidney function, 7037 

developed proteinuria (urine protein of ≥1+, with eGFR of 
≥60  ml  min−1  1.73  m−2), 19,015 presented eGFR decline 
(eGFR of ˂60 ml min−1 1.73 m−2, without proteinuria) and 
636 showed both proteinuria and eGFR decline after 2 years 
(Figure 1).

Table  1  shows the participants’ baseline characteristics 
stratified according to the diabetic status. The prevalence of 
diabetes was 5.6%, and prediabetes was 28.8%. Participants 
with prediabetes and diabetes were older, more likely man, 
had a higher BMI, higher WC, higher systolic and diastolic 
BP, higher triglycerides, lower HDL cholesterol, and were 
more likely to have past history of cardiac disease and stroke 
and to be current smokers. Hypertension and dyslipidaemia 
were more common in individuals with prediabetes and dia-
betes accompanied by higher rate of using antihypertensive 
and lipid- lowering medications.

Table  2  shows the prevalence of proteinuria develop-
ment (urine protein of ≥1+) and eGFR decline (eGFR 
˂60 ml min−1 1.73 m−2) after 2 years according to the di-
abetic status. After 2  years, proteinuria development oc-
curred in 3914 individuals (1.5%) with NGL, 2266 (1.9%) 
with prediabetes, and 857 (3.8%) with diabetes at baseline. 
Decline in eGFR occurred in 11,225 individuals (4.2%) 
with NGL, 6492 (5.6%) with prediabetes and 1298 (5.7%) 
with diabetes. Individuals who presented both proteinuria 
development and eGFR decline after 2  years were 287 
(0.1%) with NGL, 250 (0.2%) with prediabetes and 99 
(0.4%) with diabetes.

Table 3 shows the logistic regression analysis for the pro-
teinuria development (urine protein of ≥1+) after 2  years. 
Compared to NGL, prediabetes was significantly associated 
with the proteinuria development in the unadjusted model 
(OR, 1.369; 95% CI, 1.302– 1.439) and adjusted model (OR, 
1.233; 95% CI, 1.170– 1.301). Table 4 shows the logistic re-
gression analysis for eGFR decline (˂60 ml min−1 1.73 m−2) 
after 2 years. Compared to NGL, prediabetes was associated 
with eGFR decline in the unadjusted model (OR, 1.351; 95% 
CI, 1.310– 1.393), but not in the adjusted model (OR, 0.981; 
95% CI, 0.947– 1.017).

Another logistic regression analysis for the composite 
renal outcome (either proteinuria development or eGFR de-
cline) was performed. Compared to NGL, prediabetes was 
statistically significantly associated with the composite renal 
outcome in the adjusted model (OR, 1.036; 95% CI, 1.006– 
1.067) (Table 5).

We also performed a sub- analysis when participants 
with HbA1c ≥ 48 mmol/mol (6.5%) at baseline were clas-
sified as having diabetes. Logistic regression analysis in 
the adjusted model showed that prediabetes was associ-
ated with proteinuria development and the composite 
renal outcome, whereas it was not associated with eGFR 
decline as compared to NGL (Tables S1- S3). In addition, 



   | 5 of 8FURUKAWA et Al.

we performed a population sub- analysis with the same 
diabetic status both at baseline (2014) and after 2  years 
(2016) to eliminate the effects of changes in diabetic sta-
tus >2 years. Logistic regression analysis in the adjusted 
model revealed that the group with maintained prediabe-
tes was associated with proteinuria development and com-
posite renal outcome, whereas it was not associated with 
eGFR decline compared with the group that maintained 
NGL (Tables S4- S6).

4 |  DISCUSSION

This is the largest study that investigated the association of 
prediabetes with proteinuria development and eGFR decline 
separately among 405,487 individuals, and clearly demon-
strated that prediabetes was independently associated with 
the proteinuria development but not with eGFR decline after 
2 years.

T A B L E  1  Baseline characteristics of study participants stratified according to the diabetic status

Total NGL Prediabetes Diabetes

N = 405,487 N = 265,708 (65.5%) N = 116,951 (28.8%) N = 22,828 (5.6%)

Man (%) 61.9 54.2 75.6 82.2

Age (years) 50 (43– 57) 48 (42– 55) 53 (46– 59) 57 (51– 63)

BMI (kg/m2) 22.6 (20.6– 24.9) 22.0 (20.1– 24.1) 23.6 (21.7– 25.9) 25.0 (22.7– 27.8)

WC (cm) 81.6 (75.5– 87.7) 79.8 (74.0– 85.5) 84.5 (79.2– 90.2) 88.3 (82.5– 95.2)

FPG (mmol/L) 5.28 (4.94– 5.72) 5.06 (4.83– 5.28) 5.83 (5.67– 6.11) 7.50 (7.00– 8.44)

HbA1c (mmol/mol) 37 (34– 39) 36 (33– 38) 38 (36– 41) 51 (45– 57)

HbA1c (%) 5.5 (5.3– 5.7) 5.4 (5.2– 5.6) 5.6 (5.4– 5.9) 6.8 (6.3– 7.4)

Systolic BP (mmHg) 117 (106– 128) 114 (104– 125) 122 (112– 133) 126 (116– 137)

Diastolic BP (mmHg) 74 (66– 82) 71 (64– 80) 78 (70– 85) 79 (71– 86)

Antihypertensive medication (%) 13.8 8.9 19.6 40.6

Prevalence of hypertension (%) 24.2 17.1 34.6 54.0

Triglycerides (mmol/L) 1.01 (0.71– 1.46) 0.92 (0.66– 1.32) 1.18 (0.84– 1.69) 1.30 (0.90– 1.90)

HDL cholesterol (mmol/L) 1.58 (1.32– 1.89) 1.63 (1.37– 1.94) 1.50 (1.27– 1.81) 1.37 (1.17– 1.66)

LDL cholesterol (mmol/L) 3.16 (2.64– 3.68) 3.11 (2.59– 3.63) 3.26 (2.77– 3.81) 3.08 (2.56– 3.60)

Lipid- lowering medication (%) 10.0 6.8 12.6 34.2

Prevalence of dyslipidaemia (%) 46.1 39.6 56.4 68.8

eGFR (ml min−1 1.73 m−2) 77.3 (69.9– 86.1) 77.8 (71.4– 86.7) 76.0 (69.0– 84.6) 77.8 (69.8– 87.6)

Past history of

Cardiac disease (%) 2.3 1.8 2.9 5.7

Stroke (%) 1.0 0.8 1.3 2.5

Current smokers (%) 21.8 21.1 22.6 26.2

Note: Continuous variables are expressed as median (interquartile range).
Abbreviations: BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL, high- density lipoprotein; 
LDL, low- density lipoprotein; NGL, normal glucose level; WC, waist circumference.

Total NGL Prediabetes Diabetes

N = 405,487 N = 265,708 N = 116,951 N = 22,828

Proteinuria ≥1+ after 2 years 7037 (1.7%) 3914 (1.5%) 2266 (1.9%) 857 (3.8%)

eGFR <60 ml min−1 1.73 m−2 
after 2 years

19,015 (4.7%) 11,225 (4.2%) 6492 (5.6%) 1298 (5.7%)

Proteinuria ≥1+ and eGFR 
<60 ml min−1 1.73 m−2 
after 2 years

636 (0.2%) 287 (0.1%) 250 (0.2%) 99 (0.4%)

Abbreviations: eGFR, estimated glomerular filtration rate; NGL, normal glucose level.

T A B L E  2  Prevalence of proteinuria 
development (urine protein of 
≥1+) and eGFR decline (eGFR of 
˂60 ml min−1 1.73 m−2) after 2 years 
according to the diabetic status
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While most previous studies defined CKD as the combi-
nation of albuminuria (or proteinuria) and low eGFR,10,24– 26 
we investigated the association of prediabetes with the pro-
teinuria development and with eGFR decline separately in 
this study. Our data demonstrated that prediabetes was in-
dependently associated with the proteinuria development; 
however, prediabetes when adjusted for prognostic factors 
was not associated with eGFR decline. We also showed that 
prediabetes was associated with the composite renal out-
come (defined as the combination of proteinuria and eGFR 
decline). These results are consistent with a previous meta- 
analysis (mean duration of follow- up, 6 years) showing that 
prediabetes is moderately associated with CKD (defined as 
the combination of albuminuria [or proteinuria] and low 

eGFR),10 as well as with majority of cohort studies (duration 
of follow- up: 3.8– 8 years) reporting that prediabetes is not 
associated with low eGFR alone.11– 13 People with prediabe-
tes present with hyperfiltration.27 This might be one of the 
reasons why eGFR decline was not observed in individuals 
with prediabetes after 2 years.

A recent study, a secondary analysis of the Systolic Blood 
Pressure Intervention Trial (SPRINT), investigated the as-
sociation of impaired fasting glucose with albuminuria and 
worsening eGFR, and reported that impaired fasting glucose 
was not associated with the albuminuria development or wors-
ening eGFR.28 In the study, all participants had hypertension 
and at least one additional CVD risk factor at baseline, which 
are factors leading to the albuminuria development. Thus, 

Unadjusted model Adjusted modela 

OR (95% CI) p- value OR (95% CI) p- value

Diabetic status (at baseline)

NGL Reference Reference

Prediabetes 1.369 (1.302– 1.439) <0.001 1.233 (1.170– 1.301) <0.001

Diabetes 2.721 (2.533– 2.923) <0.001 2.241 (2.069– 2.428) <0.001

Abbreviations: CI, confidence intervals; NGL, normal glucose level; OR, odds ratio.
aAdjusted for sex, age, BMI, eGFR, hypertension, dyslipidaemia, smoking, past history of cardiac disease and 
stroke at baseline.

T A B L E  3  Association of prediabetes 
with proteinuria development (urine protein 
of ≥1+) after 2 years

Unadjusted model Adjusted modela 

OR (95% CI) p- value OR (95% CI)
p- 
value

Diabetic status (at baseline)

NGL Reference Reference

Prediabetes 1.351 (1.310– 1.393) <0.001 0.981 (0.947– 1.017) 0.294

Diabetes 1.439 (1.359– 1.524) <0.001 1.050 (0.982– 1.123) 1.050

Abbreviations: eGFR, estimated glomerular filtration rate; NGL, normal glucose level; OR, odds ratio; CI, 
confidence intervals.
aAdjusted for sex, age, BMI, eGFR, hypertension, dyslipidaemia, smoking, past history of cardiac disease and 
stroke at baseline.

T A B L E  4  Association of 
prediabetes with eGFR decline (eGFR of 
˂60 ml min−1 1.73 m−2) after 2 years

Unadjusted model Adjusted modela 

OR (95% CI) p- value OR (95% CI) p- value

Diabetic status (at baseline)

NGL Reference Reference

Prediabetes 1.358 (1.318– 1.391) <0.001 1.036 (1.006– 1.067) 0.019

Diabetes 1.778 (1.697– 1.862) <0.001 1.362 (1.294– 1.435) <0.001

Abbreviations: CI, confidence intervals; eGFR, estimated glomerular filtration rate; NGL, normal glucose 
level; OR, odds ratio.
aAdjusted for sex, age, BMI, eGFR, hypertension, dyslipidaemia, smoking, past history of cardiac disease and 
stroke at baseline.

T A B L E  5  Association of prediabetes 
with the composite renal outcome 
[either proteinuria development (urine 
protein of ≥1+) or eGFR decline 
(˂60 ml min−1 1.73 m−2)] after 2 years
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prediabetes may not be an independent additional risk factor 
for the albuminuria development among participants who are 
already at high risk for it. Our study population consisted of 
participants undergoing a health check- up with lower rate of 
hypertension and lower risk for CVD. Thus, prediabetes is 
suggested to be associated with the proteinuria development 
among patients in the general population and that proteinuria 
development is an earlier detectable renal change in patients 
with prediabetes.

Whether pathological changes occur in the kidney in 
patients with prediabetes remains unclear. A recent study 
with kidney biopsies reported that increasing albuminuria 
was significantly associated with increased glomerular 
basement membrane width, mesangial fractional volume 
and mean glomerular volume, whereas GFR decline did not 
reflect such kidney lesions.29 In the study, it was concluded 
that albuminuria level was more informative for predicting 
structural changes in the kidneys during the earlier stage of 
diabetic nephropathy when GFR is >60 ml/min. Our results 
showed that proteinuria development, not eGFR decline, 
was an early clinical renal change in prediabetes. Thus, it is 
possible that renal pathological changes in the earlier stage 
of diabetic nephropathy also occur in patients with predia-
betes, given that prediabetes and diabetes are considered as 
the continuum from prehyperglycaemia to hyperglycaemia. 
However, further pathological studies are needed to prove 
this hypothesis.

Regarding the strengths of our study, a large general 
population was analysed throughout Japan, including a 
large number of participants with prediabetes or NGL. In 
addition, the data quality control was rigorous and stan-
dardized as all facilities passed the functional evaluation 
conducted by the Japan Society of Ningen Dock. However, 
several limitations still exist in this study. First, as the di-
agnosis of NGL, prediabetes and diabetes was based on 
a single assessment of FPG, there is a limit to the accu-
racy of the classification. For example, some participants 
defined to have prediabetes may have FPG levels reach-
ing the diagnostic threshold of diabetes the following day. 
However, we also performed analyses when participants 
with HbA1c ≥ 48 mmol/mol (6.5%) at baseline were clas-
sified as having diabetes, and the results were consistent 
with those of the main analyses. Second, this study only 
included individuals who had health check- up data after 
2 years. Of 412,391 participants who had health check- up 
data and did not present with CKD at baseline, 6904 were 
excluded due to the lack of data after 2 years. However, this 
number was relatively smaller than that of individuals who 
were included in the analysis (n  =  405,487). In addition, 
individuals who did not have data after 2 years (n = 6904) 
commonly included those who had retired, transferred or 
changed jobs. Therefore, it was unlikely that selection bias 
affected the results on kidney function after 2 years. Third, 

the urine dipstick test was used to evaluate proteinuria in 
this study. It was not quantitative and false- positive results 
are possible under certain conditions, such as highly con-
centrated or alkaline urine.30 However, previous studies 
considered urine dipsticks ≥1+ as proteinuria develop-
ment,2,15,23 and urine dipstick tests are widely used in the 
health check- up and are more economical for screening. 
Fourth, since the details of antihypertensive medications 
were unknown in this study, a potential effect on proteinuria 
development of these medications (e.g. renin– angiotensin– 
aldosterone system blockade) was not considered. Fifth, as 
the study population consisted of Japanese people, in which 
ethnicity is limited, confirmation in other ethnic groups is 
needed. Finally, the long- term effect of prediabetes on renal 
outcomes was not examined because of the short follow- up 
period.

In conclusion, prediabetes was found to be associated 
with the proteinuria development but not with eGFR de-
cline in the general population without CKD after 2 years. 
Proteinuria in prediabetes might be an earlier detectable renal 
change, and the screening for prediabetes and evaluation of 
proteinuria are important for the prevention of CKD. Future 
prospective studies examining whether lifestyle interventions 
for prediabetes is effective for the improvement of proteinuria 
are needed to prove the importance of evaluating proteinuria 
in prediabetes.
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