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Abstract
Aim/hypothesis It remains unclear whether people with diabetes exhibiting non-albuminuric kidney insufficiency have 
higher risk of kidney function decline and mortality compared with those exhibiting preserved kidney function without 
albuminuria. Furthermore, information regarding the incidence of albuminuria in people with this unique phenotype is 
sparse. Here, we aimed to elucidate the risk of the kidney outcomes and all-cause mortality in people with diabetes exhibit-
ing non-albuminuric kidney insufficiency.
Methods In this retrospective cohort study, 8320 Japanese adults with type 2 diabetes were classified into four groups based 
on the presence of albuminuria and kidney insufficiency at baseline, defined as urinary albumin/creatinine ratio of equal to 
or above 30 mg/g and eGFR of less than 60 ml  min−1 1.73  m−2, respectively. The primary composite kidney endpoint was a 
50% decrease in eGFR from baseline or the initiation of kidney replacement therapy. The annual percentage change in eGFR 
slope and progression of albuminuria category were evaluated as the secondary and tertiary kidney endpoints, respectively. 
All-cause death was also set as the endpoint.
Results Compared with people exhibiting non-albuminuric preserved kidney function, those with non-albuminuric kidney 
insufficiency had the higher risk for the primary kidney endpoint (HR 4.1; 95% CI 2.5, 6.7; p < 0.001), steep percentage 
change in eGFR slope (-1.96%/year vs -1.36%/year, p < 0.001), incidence of albuminuria (HR 2.1; 1.7, 2.6; p < 0.001) 
and all-cause mortality (HR 1.5; 1.2, 2.0; p = 0.003). In the sensitivity analyses treating the incidence of albuminuria as a 
competing risk, people with non-albuminuric kidney insufficiency still had higher risk for the primary kidney endpoint and 
all-cause mortality than those with non-albuminuric preserved kidney function (subdistribution HR 2.8; 1.4, 5.6; p = 0.004; 
and 1.6; 1.1, 2.2; p = 0.014, respectively).
Conclusions/interpretation People with type 2 diabetes exhibiting non-albuminuric kidney insufficiency had poorer kidney 
outcomes and life prognosis than those exhibiting non-albuminuric preserved kidney function.
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Introduction

Non-albuminuric kidney insufficiency, a unique pheno-
type of kidney disease in people with diabetes, has had a 
great deal of attention [1–5]. Several large, serial cross-
sectional studies have shown that the prevalence of this 
phenotype has increased over the past few decades [6–9], 
the reasons for which may be explained, at least in part, 
by increase in regression of albuminuria owing to the 
remarkable progress in comprehensive diabetes manage-
ment, including better glycaemic control and increased 
use of renin–angiotensin system inhibitors [6–11]. On the 
other hand, previous studies have shown that a decline 
in kidney function can occur prior to the development of 
albuminuria [2, 12–15].

The available evidence so far has shown that albuminuria 
is a significant risk factor for kidney function decline and all-
cause mortality in people with diabetes, regardless of whether 
kidney insufficiency exists [16–21]. However, it is highly 
controversial whether those with non-albuminuric kidney 
insufficiency have higher risks of these outcomes than those 
exhibiting preserved kidney function without albuminuria 
[18–20, 22, 23]. The latest large cohort studies of people 
with diabetes have concluded that those with non-albuminu-
ric kidney insufficiency were not at a higher risk of decline 
in kidney function than those exhibiting preserved kidney 
function without albuminuria [18, 19], which is inconsistent 
with the findings of previous population-based cohort studies 

[22, 23]. The aforementioned study from Japan also showed 
no increase in mortality in those with this phenotype of kid-
ney disease [19], unlike other studies [18, 20, 23]. Further-
more, information regarding the incidence of albuminuria in 
people with non-albuminuric kidney insufficiency is sparse; 
therefore, the progression process of kidney disease in this 
population remains largely unknown. Here, we aimed to elu-
cidate the clinical implications of non-albuminuric kidney 
insufficiency on kidney outcomes and all-cause mortality in 
people with diabetes.

Methods

Study design and ethical issues This single-centre 
retrospective cohort study, based on the clinical and 
laboratory databases of our hospital, was designed in 
adherence to the tenets of the Declaration of Helsinki, and 
was performed as a part of the ‘Cohort Study Elucidating 
Factors Associated with the Pathogenesis and Prognosis 
of Diabetic Kidney Disease’, performed at the Diabetes 
Center in the Tokyo Women’s Medical University School 
of Medicine. The local ethics committee approved the 
protocol, waiving the need for informed consent owing to 
the non-prospective interventional design (approval no. 
3932). Instead, the institution's website offered an opt-out 
opportunity for participants.
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Participants From the hospital database, we initially identi-
fied 8810 Japanese people aged ≥ 18 years with type 2 diabe-
tes who visited the Diabetes Center, Tokyo Women’s Medi-
cal University School of Medicine from 1 August 2003 to 30 
June 2017, without a history of chronic kidney replacement 
therapy (KRT; chronic dialysis or kidney transplantation). 
The following data were collected: body weight, blood pres-
sure,  HbA1c, serum creatinine and lipid variables, urinary 
albumin and urinary creatinine, all of which were measured 
on the same day of a regular outpatient visit. The earliest 
date of the collected data was set as the index date for each 
subject if multiple measurements were available during the 
above-mentioned period.

The exclusion criteria included pregnant women (n = 48), 
participants with malignant diseases (n = 160), a history of 
unilateral nephrectomy (n = 7), biopsy-proven diagnosis of 
non-diabetic nephropathy (n = 2) and an acute kidney injury 
or postrenal failure at baseline (n = 2). We also excluded 271 
participants with no serum creatinine measurements after 
the index date (n = 257) and missing baseline profile data 
(n = 14). Eventually, 8320 participants were eligible for this 
study (Fig. 1). All relevant baseline data were available for 
the 8320 participants, and their serum creatinine levels were 
measured at least once after the index date. The baseline 
characteristics of the 8320 participants and 271 participants 
with missing data are presented in electronic supplementary 
material (ESM) Table 1. In this study, the complete-case 
analysis was adopted.

The 8320 participants were classified into four groups 
according to the absence or presence of albuminuria and 
kidney insufficiency at baseline, as defined below.

Measurements Laboratory data were measured using ran-
dom blood and first morning urine samples. The direct 
enzymatic method or the Friedewald formula (if triacylg-
lycerol levels were 4.52 mmol/l) was used for determination 
of serum LDL-cholesterol levels.  HbA1c levels measured 
as the Japan Diabetes Society (JDS) values were converted 
into the National Glycohemoglobin Standardization Program 
(NGSP) values using the formula proposed by the JDS [24]. 
To estimate GFR, we adopted the formula proposed by the 
Japanese Society for Nephrology [25]. On the basis of the 
Clinical Practice Guidelines proposed by Kidney Disease: 
Improving Global Outcomes (KDIGO) [26, 27], kidney 
insufficiency and albuminuria, measured using first morn-
ing urine samples, were defined as eGFR of < 60 ml  min−1 
1.73   m−2 and urinary albumin/creatinine ratio (UACR) 
of ≥ 30 mg/g, respectively. The latter was further classified 
into microalbuminuria (30 ≤ UACR < 300 mg/g) and mac-
roalbuminuria (UACR ≥ 300 mg/g). Chronic kidney disease 
(CKD) was defined as having either kidney insufficiency or 
albuminuria [26, 27].

Endpoints and follow‑up The primary composite kidney 
endpoint was either a decrease in eGFR of ≥ 50% from 
baseline or the initiation of KRT, whichever came first. To 

Fig. 1  Flow diagram of the 
study population 8810 participants aged  18 years without a history of chronic KRT

8320 participants were eligible for the study

Pregnancy at baseline (n=48)

Malignant disease at baseline (n=160)

Missing baseline profile data (n=14)

Absence of serum creatinine measurements 
after the index date (n=257)

A history of unilateral nephrectomy 
at baseline (n=7)

Acute kidney injury or postrenal failure 
at baseline (n=2)

Biopsy-proven diagnosis of non-diabetic 
kidney disease at baseline  (n=2)

236 Diabetologia  (2022) 65:234–245



inadvertently avoid capturing episodes of reversible acute 
kidney injury, we judged that the endpoint was reached only 
when the aforementioned criteria lasted for at least 3 months. 
The secondary kidney endpoints were the absolute eGFR 
slope (ml  min−1 1.73  m−2 per year) and percentage change 
in eGFR slope (%/year) from baseline, which were restricted 
to participants who were followed up for ≥ 2 years based on 
results of a recent meta-analysis [28]. The tertiary kidney 
endpoint was the category progression of albuminuria (i.e., 
from non-albuminuria to micro- or macroalbuminuria, or 
from micro- to macroalbuminuria), determined using at least 
two consecutive increases in UACR. All-cause death was 
also set as the endpoint.

The administrative censoring date was set to 31 January 
2018. For the survival analyses of the primary and tertiary 
kidney endpoints, the last follow-up date for each partici-
pant was defined as the date when the individual reached the 
endpoint, or the date when serum creatinine or UACR was 
last measured during the follow-up period without reaching 
the endpoint. For the analyses of all-cause mortality, the last 
follow-up date for each participant was defined as the date 
when the individual died or last visited our hospital during 
the follow-up period.

Statistical analysis All analyses were completed using 
SAS software version 9.4 (SAS Institute, Cary, NC, USA). 
A two-tailed p value of < 0.05 was considered statistically 
significant.

Differences in proportions or means of baseline data 
between the four groups were compared using the χ2 test, 
ANOVA or Kruskal–Wallis test as appropriate. The multi-
variable logistic regression analysis was used to clarify the 
clinical characteristics of the group exhibiting non-albumi-
nuric kidney insufficiency. The multivariable Cox propor-
tional hazards model or the multivariable linear regression 
model was used to compare each endpoint between the 
groups. The adjusted (standardised) cumulative incidence 
of the endpoints was calculated using regression estimates 
from the relevant Cox model [29]. The eGFR slope was esti-
mated using the linear mixed-effects model with random 
intercept and slope. The percentage change in eGFR slope 
was calculated using the following equation: 100 × eGFR 
slope/baseline eGFR.

In the multivariable logistic regression analysis treating 
the group exhibiting non-albuminuric kidney insufficiency 
as a dependent variable, the following five variables at base-
line were incorporated as independent variables: age, sex, 
history of coronary artery disease or stroke, systolic blood 
pressure and  HbA1c. In all multivariable models used for 
comparison between the groups in each outcome, these five 
variables were incorporated as covariates.

A series of sensitivity analyses were conducted. 
First, to examine the impact of non-albuminuric kidney 

insufficiency on reaching the primary kidney endpoint and 
death unaccompanied by the incidence of albuminuria (in 
other words, to exclude effects of the albuminuria inci-
dence during the follow-up period on these endpoints), 
the Fine and Gray subdistribution hazards model, which 
is the competing risks model, was adopted for the com-
parison between the two groups with non-albuminuric 
kidney insufficiency and without CKD. In these analyses, 
the incidence of albuminuria before reaching each end-
point was treated as a competing risk. Second, the Fine 
and Gray subdistribution hazards model, wherein death 
before reaching the endpoints was treated as a compet-
ing risk, was used for the analyses of the primary and ter-
tiary kidney endpoints (ESM Table 2). For the analysis 
of all-cause mortality, the initiation of KRT was treated 
as a competing risk (ESM Table 2). Third, we addressed 
the exclusion of people with non-diabetic nephropathy. 
Individuals with haematuria, defined as occult blood with 
scores ranging from 1 + to 3 + assayed by Uropaper α II 
(to September 2005) and III (from October 2005) (Eiken 
Chemical, Tokyo, Japan), were excluded because haema-
turia has been recognised as an atypical presentation of 
diabetic nephropathy [30]. Of 8159 people with informa-
tion on haematuria at baseline, 7423 without haematuria 
were assessed (Model 1 in ESM Table 3). People without 
diabetic retinopathy despite exhibiting CKD were likely to 
have non-diabetic nephropathy. Therefore, of 6746 people 
with information on diabetic retinopathy at baseline, diag-
nosed by ophthalmologists in our hospital, 1072 exhibit-
ing CKD without retinopathy were excluded. Eventually, 
5674 people were assessed (Model 2 in ESM Table 3). 
Fourth, in addition to the above-mentioned five variables, 
the following variables at baseline were incorporated as 
covariates (ESM Table 4): smoking status (current/former 
vs never), use of ACE inhibitors or angiotensin recep-
tor blockers (ARBs), BMI and LDL-cholesterol levels 
(Model 1); the same variables as in Model 1 plus the use 
of sodium–glucose cotransporter 2 inhibitors or glucagon-
like peptide-1 receptor agonists and the date of baseline 
data, which was classified into the three groups as follows: 
2003 to 2007, 2008 to 2012 and 2013 to 2017 (Model 2); 
and the same variables as in Model 2 plus the number of 
creatinine or UACR measurements per year (Model 3). 
The analysis of Model 3 was conducted to mitigate the 
bias due to differences in the number of these measure-
ments performed during the follow-up period. Fifth, to 
mitigate the potential impact of bias in the presence of 
non-albuminuric kidney insufficiency, the propensity score 
(PS) matching method was used (ESM Table 5). The PS 
was estimated using the logistic regression model that 
included the following 12 covariates: the above-mentioned 
five variables plus smoking status, use of ACE inhibitors 
or ARBs, BMI, diastolic blood pressure, triacylglycerols, 
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HDL-cholesterol and LDL-cholesterol. Triacylglycerol 
levels were transformed into common logarithmic values. 
A 1:2 greedy nearest-neighbour matching with a calliper 
width equal to 0.2 of the SD of the logit of the PS was 
conducted. Finally, in people aged over 65 years, the asso-
ciation of non-albuminuric kidney insufficiency with the 
primary kidney endpoint and all-cause mortality was ana-
lysed (ESM Table 6), in which kidney insufficiency was 
further classified as 50 ≤ eGFR < 60 ml  min−1 1.73  m−2 
and eGFR < 50 ml   min−1 1.73   m−2, referencing a large 
prospective cohort study of people with chronic kidney 
insufficiency [31].

Results

Baseline characteristics The mean (± SD) age of the 8320 
participants, including 2988 women and 5332 men, was 
61 ± 12 years. As shown in Table 1, individuals with kidney 
insufficiency were more likely to be older, to have a higher 
rate of history of coronary artery disease or stroke and to 
have lower  HbA1c levels than those with preserved kidney 
function, regardless of the presence of albuminuria. Individ-
uals with albuminuria were more likely to have higher usage 
rate of ACE inhibitors or ARBs, higher BMI and higher 

systolic blood pressure than those without albuminuria. In 
the multivariable logistic regression model, non-albuminu-
ric kidney insufficiency was significantly associated with a 
higher rate of history of coronary artery disease or stroke 
(OR 1.2; 95% CI 1.1, 1.5; p = 0.010), more advanced age 
(OR per 10 years: 2.1; 95% CI 2.0, 2.3; p < 0.001), lower 
systolic blood pressure (OR per 10 mmHg: 0.88; 95% CI 
0.85, 0.91; p < 0.001) and lower  HbA1c levels (OR per 1%: 
0.85; 95% CI 0.80, 0.91; p < 0.001), but not with sex (OR 
vs female: 1.0; 95% CI 0.8, 1.1; p = 0.693).

Summary of KRT initiation, mortality and each kidney end‑
point Of the 8320 people, 501 died during the median 
follow-up period of 6.7 years (IQR: 3.2–10.9 years). There 
were 471 cases of KRT initiation. The incidence rates per 
1000 person-years of KRT and death were 8.2 and 8.5, 
respectively. There were 90 cases of death after KRT ini-
tiation. Of the 501 deceased cases, 161, 47, 98 and 195 
resulted from malignancy, coronary artery disease or stroke, 
other known causes and undetermined causes, respectively.

Of the 8320 people, 787 reached the primary kidney 
composite endpoint, including 611 with a ≥ 50% decrease 
in eGFR and 176 who initiated KRT before experiencing 
a ≥ 50% decrease in eGFR during the median follow-up of 
5.7 years (IQR: 2.6–10.1 years). The median number of cre-
atinine measurements performed during the follow-up period 

Table 1  Baseline data of four groups classified based on the absence or presence of albuminuria and kidney insufficiency

Data are expressed as mean ± SD, median (IQR) or number (percentage)
a UACR (mg/g) at baseline
b eGFR (ml  min−1 1.73  m−2) at baseline

Characteristic aUACR < 30 aUACR < 30 aUACR ≥ 30 aUACR ≥ 30 p value
beGFR ≥ 60 beGFR < 60 beGFR ≥ 60 beGFR < 60

(n = 4509) (n = 967) (n = 1487) (n = 1357)

Age (years) 58 ± 12 69 ± 9 59 ± 12 65 ± 12  < 0.001
Women 1730 (38.4) 361 (37.3) 507 (34.1) 390 (28.7)  < 0.001
History of coronary artery disease or stroke 583 (12.9) 286 (29.6) 238 (16.0) 483 (35.6)  < 0.001
Former or current smoker 2327 (51.6) 468 (48.4) 838 (56.4) 798 (58.8)  < 0.001
ACE inhibitors or ARBs 1169 (25.9) 438 (45.3) 843 (56.7) 1073 (79.1)  < 0.001
BMI (kg/m2) 24.6 ± 4.2 24.6 ± 3.7 26.0 ± 4.6 25.6 ± 4.1  < 0.001
Systolic blood pressure (mmHg) 134 ± 19 134 ± 19 142 ± 20 144 ± 23  < 0.001
Diastolic blood pressure (mmHg) 77 ± 11 73 ± 12 79 ± 12 75 ± 13  < 0.001
Laboratory data
  HbA1c (mmol/mol) 59.1 ± 12.7 56.8 ± 11.2 66.0 ± 16.1 58.1 ± 14.7  < 0.001
  HbA1c (%) 7.6 ± 1.2 7.3 ± 1.0 8.2 ± 1.5 7.5 ± 1.3  < 0.001
 Triacylglycerols (mmol/l) 1.31 (0.89–1.93) 1.40 (0.99–2.06) 1.51 (1.03–2.33) 1.67 (1.15–2.43)  < 0.001
 HDL-cholesterol (mmol/l) 1.46 ± 0.40 1.39 ± 0.39 1.37 ± 0.38 1.29 ± 0.39  < 0.001
 LDL-cholesterol (mmol/l) 2.99 ± 0.76 2.90 ± 0.74 3.02 ± 0.82 2.86 ± 0.90  < 0.001
 eGFR (ml  min−1 1.73  m−2) 80.9 ± 15.2 51.4 ± 7.3 81.1 ± 17.2 38.2 ± 15.7  < 0.001
 UACR (mg/g) 8.2 (5.2–13.4) 9.1 (4.9–16.0) 86.4 (46.0–230.3) 481.8 (100.1–1996.5)  < 0.001

238 Diabetologia  (2022) 65:234–245



was 4.7 per year (IQR: 2.9–7.3 per year). There were 381 
cases of death prior to reaching the primary kidney endpoint.

In the analyses to estimate eGFR slope, which was the 
secondary kidney endpoint, 6720 people with a follow-up 
period of ≥ 2 years were assessed. The median follow-up 
period was 7.6 years (IQR: 4.4–11.4 years). The median 
absolute eGFR slope (ml  min−1 1.73  m−2 per year) and per-
centage change in eGFR slope (%/year) from baseline were 
-1.27 (IQR: -2.27 to -0.52) and -1.75 (IQR: -3.24 to -0.71), 
respectively. The median number of creatinine measure-
ments performed during the follow-up period was 4.3 per 
year (IQR: 2.7–6.7 per year).

In the 6335 people with non- and microalbuminuria at 
baseline, in whom UACR levels were measured at least 
once after the index date, the median follow-up period 
for category progression of albuminuria, which was 

the tertiary kidney endpoint, was 5.1 years (IQR: 2.2–
9.1 years). Of the 4763 people with normoalbuminuria 
and the 1572 with microalbuminuria, 607 and 304 reached 
the tertiary endpoint, respectively. The median number 
of UACR measurements performed during the follow-up 
period was 1.2 per year (IQR: 0.9–1.8 per year). There 
were 250 cases of death prior to reaching the tertiary 
kidney endpoint.

Association of non‑albuminuric kidney insufficiency with 
each kidney endpoint and mortality People with non-albu-
minuric kidney insufficiency had a significantly higher risk 
for reaching the primary kidney endpoint than those without 
CKD (Table 2, Fig. 2a). When kidney insufficiency and albu-
minuria were further classified as 45 ≤ eGFR < 60 ml  min−1 
1.73   m−2, 30 ≤ eGFR < 45  ml   min−1 1.73   m−2 and 

Table 2  Comparison of each kidney endpoint and all-cause mortality between four groups classified based on the absence or presence of albumi-
nuria and kidney insufficiency

The primary, secondary and tertiary kidney endpoints were defined as a ≥ 50% decrease in eGFR or KRT, eGFR slope and the category pro-
gression of albuminuria, respectively. In the analysis of the primary kidney endpoint and all-cause mortality, 8320 people were assessed. In the 
analysis of the secondary kidney endpoint, 6720 people with a follow-up period of ≥ 2 years were assessed. In the analysis of the tertiary kidney 
endpoint, 6335 people with non- and microalbuminuria at baseline, in whom UACR levels were measured at least once after the index date, were 
assessed. The following variables were used as covariates in the analyses: age, sex, history of coronary artery disease or stroke, systolic blood 
pressure and  HbA1c. Adjusted eGFR slope and percentage eGFR slope are expressed as least square mean (SE) evaluated at mean values for 
adjusted variables
a UACR (mg/g) at baseline
b eGFR (ml  min−1 1.73  m−2) at baseline
* p < 0.01 vs UACR < 30/eGFR < 60
† p < 0.001 vs UACR < 30/eGFR < 60

Endpoint aUACR < 30 aUACR < 30 aUACR ≥ 30 aUACR ≥ 30
beGFR ≥ 60 beGFR < 60 beGFR ≥ 60 beGFR < 60

 ≥ 50% decrease in eGFR or KRT n = 4509 n = 967 n = 1487 n=  1357
 Events 47 25 180 535
 Incidence rate/1000 person-years 1.5 4.4 18.0 98.0
 Adjusted HR (95% CI) Reference 4.1 (2.5, 6.7) 11.8 (8.6, 16.4)† 75.9 (55.8, 103.2)†

 p value (vs UACR < 30 and eGFR ≥ 60) –  < 0.001  < 0.001  < 0.001
eGFR slope n = 3839 n = 764 n = 1228 n = 889
 Adjusted absolute eGFR slope (ml  min−1 1.73  m−2 per year) -1.10 (0.03) -1.11 (0.08) -2.46 (0.06)† -2.77 (0.07)†

 p value (vs UACR < 30 and eGFR ≥ 60) – 0.931  < 0.001  < 0.001
 Adjusted percentage change in eGFR slope (% per year) -1.36 (0.06) -1.96 (0.13) -3.08 (0.11)† -7.27 (0.12)†

 p value (vs UACR < 30 and eGFR ≥ 60) –  < 0.001  < 0.001  < 0.001
Category progression of albuminuria n = 3971 n = 792 n = 1076 n = 496
 Events 458 149 173 131
 Incidence rate/1000 person-years 18.3 39.4 27.3 62.4
 Adjusted HR (95% CI) Reference 2.1 (1.7, 2.6) 1.3 (1.1, 1.5)† 3.0 (2.4, 3.6)*
 p value (vs UACR < 30 and eGFR ≥ 60) –  < 0.001 0.009  < 0.001
All-cause mortality n = 4509 n = 967 n = 1487 n = 1357
 Events 167 75 90 169
 Incidence rate/1000 person-years 4.9 12.5 8.1 21.0
 Adjusted HR (95% CI) Reference 1.5 (1.2, 2.0) 1.6 (1.2, 2.0) 3.1 (2.5, 3.9)†

 p value (vs UACR < 30 and eGFR ≥ 60) – 0.003  < 0.001  < 0.001
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eGFR < 30 ml  min−1 1.73  m−2, and micro- and macroal-
buminuria, respectively, the result analysed in the 12 
groups was consistent with the above-mentioned findings 
(Table 3).

As shown in Fig. 3b, the group with non-albuminuric 
kidney insufficiency had more individuals with greater 
percentage change in eGFR slope than the group with-
out CKD, unlike the case in the absolute eGFR slope 
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Fig. 2  (a) Adjusted cumulative incidence of the primary composite 
kidney endpoint in four groups classified based on the absence or 
presence of albuminuria and kidney insufficiency at baseline. In this 
analysis, 8320 people were assessed. (b) Adjusted cumulative inci-
dence of the category progression of albuminuria in the four groups. 
In this analysis, 6335 people with non- and microalbuminuria at base-
line, in whom UACR levels were measured at least once after the 
index date, were assessed. (c) Adjusted cumulative incidence of all-

cause mortality in the four groups. In this analysis, 8320 people were 
assessed. ‘No CKD’ was defined as UACR < 30 and eGFR ≥ 60. The 
primary composite kidney endpoint was either a decrease in eGFR 
of ≥ 50% from baseline or the initiation of KRT, whichever came first. 
The following variables were used as covariates in the analyses: age, 
sex, history of coronary artery disease or stroke, systolic blood pres-
sure and  HbA1c
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(Fig. 3a). The adjusted percentage change in eGFR slope, 
but not the absolute adjusted eGFR slope, for people with 
non-albuminuric kidney insufficiency was significantly 
steeper than that for those without CKD (Table 2).

People with non-albuminuric kidney insufficiency had a 
higher risk of the incidence of albuminuria than those with-
out CKD (Table 2, Fig. 2b).

Non-albuminuric kidney insufficiency was also at a 
higher risk of all-cause mortality than non-CKD (Tables 2, 
4, Fig. 2c).

The sequence of the incidence of the primary kidney end‑
point, albuminuria and death in people without CKD and in 
those with non‑albuminuric kidney insufficiency As shown 
in Fig. 4a, of the 3971 people without CKD at baseline, 
in whom UACR levels were measured at least once after 
the index date, 45 (1.1%) experienced the primary kidney 
endpoint, 458 (11.5%) experienced the incidence of albu-
minuria and 138 (3.5%) died during the study period. Of 
the 45 people who reached the primary kidney endpoint, 18 
did not experience the incidence of albuminuria during the 
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Fig. 3  (a) Overlay histograms of eGFR slopes in people with no 
CKD and in those with non-albuminuric kidney insufficiency. (b) 
Overlay histograms of percentage changes in eGFR slope in people 
with no CKD, and in those with non-albuminuric kidney insuffi-
ciency. In the two overlay histograms, 4603 people exhibiting non-

albuminuria at baseline with a follow-up period of ≥ 2  years were 
assessed. Red and blue bars show the proportion of people with no 
CKD and non-albuminuric kidney insufficiency, respectively. The 
purple region shows the overlap between the two distributions. ‘No 
CKD’ was defined as UACR < 30 and eGFR ≥ 60

Table 3  Comparison of the 
primary kidney endpoint 
between 12 groups based on the 
albuminuria and eGFR category

Data are expressed as adjusted HR (95% CI) and p value for the primary kidney endpoint
The primary kidney endpoint was defined as a ≥ 50% decrease in eGFR or KRT, whichever came first. In 
this analysis, 8320 people were assessed. The following variables were used as covariates in the analyses: 
age, sex, history of coronary artery disease or stroke, systolic blood pressure and  HbA1c

eGFR at baseline
(ml  min−1 1.73  m−2)

UACR (mg/g) at baseline

 < 30 ≥ 30 to < 300  ≥ 300

 ≥ 60 Reference 6.7 (4.7, 9.5) 39.2 (27.4, 56.1)
p < 0.001 p < 0.001

(n = 4509) (n = 1188) (n = 299)
 ≥ 45 to < 60 3.0 (1.7, 5.3) 15.0 (9.8, 23.1) 68.0 (47.0, 98.3)

p < 0.001 p < 0.001 p < 0.001
(n = 796) (n = 374) (n = 205)

 ≥ 30 to < 45 6.2 (2.4, 15.6) 21.7 (12.9, 36.5) 126.0 (89.0, 178.4)
p < 0.001 p < 0.001 p < 0.001
(n = 156) (n = 162) (n = 210)

 < 30 46.2 (14.3, 149.6) 82.4 (46.5, 145.9) 538.7 (385.4, 753.0)
p < 0.001 p < 0.001 p < 0.001
(n = 15) (n = 48) (n = 358)
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study. Of the 138 deceased cases, 113 did not experience the 
incidence of albuminuria.

Of the 792 people with non-albuminuric kidney insuf-
ficiency at baseline, in whom UACR levels were measured 
at least once after the index date, 25 (3.2%) experienced the 
primary kidney endpoint, 149 (18.8%) experienced the inci-
dence of albuminuria and 67 (8.5%) died during the study 
period. Of the 25 people who reached the primary kidney 
endpoint, 15 did not experience the incidence of albuminuria 
during the study. Of the 67 deceased cases, 55 did not expe-
rience the incidence of albuminuria (Fig. 4b).

Sensitivity analyses The analysis that treated the incidence 
of albuminuria before reaching the primary kidney endpoint 
as a competing risk in 4763 people with non-albuminuria at 
baseline, in whom UACR levels were measured at least once 
after the index date, showed that those with non-albuminuric 
kidney insufficiency (n = 792) remained at a significantly 
higher risk of the primary kidney endpoint than those with-
out CKD (n = 3971; subdistribution HR 2.8; 95% CI 1.4, 
5.6; p = 0.004). In the analysis in which all-cause mortality 
was set as the endpoint, this phenotype of kidney disease 
was associated with a higher risk for all-cause mortality 
unaccompanied by incidence of albuminuria than non-CKD 
(subdistribution HR 1.6; 95% CI 1.1, 2.2; p = 0.014). Results 
of other sensitivity analyses were also consistent with the 
above-mentioned findings (ESM Tables 2–6). In the PS 
matching analysis, the two groups were well balanced on 

all baseline covariates except for eGFR, with a standardised 
difference of < 0.1 for each variable (ESM Tables 7–9).

Discussion

This single-centre, large retrospective cohort study of 
Japanese adults with type 2 diabetes showed that those with 
non-albuminuric kidney insufficiency had a significantly 
higher risk for the decline in kidney function, assessed 
based on both the time to kidney events and time-series data, 
incidence of albuminuria and all-cause mortality than those 
without CKD. In the sensitivity analyses using the Fine and 
Gray subdistribution hazards model, in which the incidence 
of albuminuria before reaching the primary kidney endpoint 
or death was treated as a competing risk, the present study 
confirmed that non-albuminuric kidney insufficiency was a 
risk factor for reaching the primary kidney endpoint and death 
unaccompanied by incidence of albuminuria. Other sensitivity 
analyses also strengthened the robustness of the findings.

In contrast to the present findings, a cohort study from 
the USA involving 10,185 participants with type 2 diabetes 
enrolled in the Action to Control Cardiovascular Risk in 
Diabetes (ACCORD) clinical trial found no increase in the 
incidence rate of end-stage kidney disease (ESKD) in 432 
people with non-albuminuric kidney insufficiency compared 
with those without CKD [18]. A cohort study of 2953 Japanese 
people with type 2 diabetes also showed that the HR of a 30% 
decrease in eGFR was not higher in 203 people with non-
albuminuric kidney insufficiency than in those without CKD 
[19]. These conflicting results may be explained, at least in 
part, by the small number of individuals with non-albuminuric 
kidney insufficiency, which was overcome in the present study. 
Indeed, a cohort study of over 1 million participants from the 
general population showed that people with non-albuminuric 
kidney insufficiency had a significantly higher risk of ESKD 
than those without CKD [23], as was the case in a population-
based study of 65,589 participants [22], supporting our findings.

The absolute eGFR slope in people with diabetes exhib-
iting non-albuminuric kidney insufficiency varied widely 
among studies, between 0.17 and 1.9 ml  min−1 1.73  m−2 per 
year [16–19], unlike the approximated 1.0 ml  min−1 1.73  m−2 
per year in those without CKD, evaluated in larger cohorts 
including the present study [18, 19]. Furthermore, only one 
study showed an annual percentage change in eGFR slope 
[18], which is especially crucial for the comparison of groups 
with completely different levels of GFR at baseline. In the 
present study, the percentage change in eGFR slope of peo-
ple with non-albuminuric kidney insufficiency was signifi-
cantly steeper than that of those without CKD, supporting the 
higher rate of reaching the primary kidney endpoint.

In the present study, the incidence rate per 1000 person-
years of death was 8.5, which was comparable to the rates of 

Table 4  Comparison of all-cause mortality between 12 groups based 
on the albuminuria and eGFR category

Data are expressed as adjusted HR (95% CI) and p value for all-cause 
mortality
In this analysis, 8320 people were assessed. The following variables 
were used as covariates in the analyses: age, sex, history of coronary 
artery disease or stroke, systolic blood pressure and  HbA1c

eGFR at baseline
(ml  min−1 1.73  m−2)

UACR (mg/g) at baseline

 < 30 ≥ 30 to < 300  ≥ 300

 ≥ 60 Reference 1.3 (0.99, 1.8) 2.9 (1.9, 4.4)
p = 0.058 p < 0.001

(n = 4509) (n = 1188) (n = 299)
 ≥ 45 to < 60 1.4 (1.1, 2.0) 1.4 (0.9, 2.1) 1.7 (0.9, 3.1)

p = 0.018 p = 0.095 p = 0.103
(n = 796) (n = 374) (n = 205)

 ≥ 30 to < 45 1.6 (0.9, 2.9) 2.0 (1.2, 3.4) 3.7 (2.4, 5.7)
p = 0.108 p = 0.006 p < 0.001
(n = 156) (n = 162) (n = 210)

 < 30 4.6 (1.7, 12.7) 3.2 (1.4, 7.2) 9.0 (6.7, 12.0)
p = 0.003 p = 0.006 p < 0.001
(n = 15) (n = 48) (n = 358)
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5.0–12.0 reported by other large cohort studies of Japanese 
people with type 2 diabetes [19, 32, 33]. The mortality rates 
in the aforementioned US study and the Renal Insufficiency 
And Cardiovascular Events (RIACE) Italian multicentre 
study [18, 20] were obviously higher than those in the pre-
sent and other Japanese studies [19, 32, 33], yielding more 
statistical power to detect significant associations with mor-
tality. Indeed, unlike the aforementioned study from Japan 
[19], in those studies, people with non-albuminuric kidney 
insufficiency had a significantly higher risk of all-cause mor-
tality than those without CKD [18, 20]. In the present study 
with a large number of people with this phenotype of kidney 
disease, the number of deaths was comparable to that in the 
US study [18], allowing the detection of a higher risk of 
mortality in this population in Japan.

When people exhibiting non-albuminuric kidney insuf-
ficiency at baseline had albuminuria thereafter, the pheno-
type was no longer non-albuminuric kidney insufficiency 
at that time. In the sensitivity analysis treating incidence 
of albuminuria as a competing risk, the present study 

showed that people exhibiting this phenotype of kidney 
disease still had a higher risk for reaching the primary kid-
ney endpoint and all-cause mortality unaccompanied by 
incidence of albuminuria than those without CKD, sug-
gesting that non-albuminuric kidney insufficiency itself is 
a risk factor for these outcomes. Nonetheless, in people 
with non-albuminuric kidney insufficiency at baseline, the 
incidence of albuminuria preceded the primary composite 
kidney endpoint at a much higher frequency, as was the 
case in those exhibiting non-CKD at baseline in the present 
and previous studies [12, 13, 15]. Furthermore, people with 
non-albuminuric kidney insufficiency at baseline were more 
likely to have albuminuria than those without CKD at base-
line, consistent with previous studies [12, 34]. These find-
ings suggest that the development of ESKD in the absence 
of albuminuria may occur rarely in people with diabetes. 
Indeed, a cohort study of 2420 Pima Indians with type 2 
diabetes showed that among the 287 individuals who initi-
ated KRT or died because of diabetic nephropathy, only two 
(0.7%) did not experience albuminuria during the follow-up 

a
No CKD at baseline

(n=3971)

No experience of both endpoints 
during the study (n=3495)

No primary
endpoint (n=431)

Primary endpoint
(n=23)

Albuminuria
(n=454)

No albuminuria
(n=18)

Albuminuria
(n=4)

Primary endpoint
(n=22)

Death
(n=112)

Death
(n=5)

Death
(n=20)

Survival
(n=4)

Death
(n=1)

b
Non-albuminuric kidney insufficiency

at baseline (n=792)

No experience of both endpoints
during the study (n=628)

No primary
endpoint (n=139)

Primary endpoint
(n=9)

Albuminuria
(n=148)

No albuminuria
(n=15)

Albuminuria
(n=1)

Primary endpoint
(n=16)

Death
(n=48)

Survival
(n=9)

Death
(n=11)

Death
(n=1)

Death
(n=7)

Survival
(n=411)

Survival
(n=18)

Survival
(n=17)

Survival
(n=3383)

Survival
(n=128)

Survival
(n=8)

Survival
(n=580)

Fig. 4  (a) Sequence of the incidence of the primary kidney endpoint, 
albuminuria and death in 3971 people with no CKD at baseline, in 
whom UACR levels were measured at least once after the index date. 
(b) Sequence of the incidence of the primary kidney endpoint, albu-
minuria and death in 792 people with non-albuminuric kidney insuf-

ficiency at baseline, in whom UACR levels were measured at least 
once after the index date. ‘No CKD’ was defined as UACR < 30 and 
eGFR ≥ 60. The primary composite kidney endpoint was either a 
decrease in eGFR of ≥ 50% from baseline or the initiation of KRT, 
whichever came first
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period [35], as was the case in a cohort study of people with 
type 1 diabetes [13].

Consistent with the available evidence to date [16–21, 
36, 37], the results of the present study confirmed that 
albuminuria was associated with kidney function decline 
and all-cause mortality, regardless of whether kidney 
insufficiency existed. However, when albuminuria 
was further classified into microalbuminuria and mac-
roalbuminuria, an increased risk of all-cause mortal-
ity in people with microalbuminuria was not observed 
(Table 4), unlike in the case of the primary kidney end-
point (Table 3). Meanwhile, a cohort study of people 
with CKD from Italy reported that those with diabetes 
exhibiting moderate proteinuria (0.15 to 0.49 g/day) 
had a higher risk of all-cause mortality but not ESKD 
than those without proteinuria [21]. These inconsistent 
results may reflect racial differences in the effects of 
moderately increased albuminuria/proteinuria on kidney 
function decline and mortality.

The present study has several limitations. First, our 
participants were an ethnically homogeneous population 
from a single urban university hospital in Japan, limiting 
the generalisability of the current findings. Second, we 
did not have information on histological examinations 
in people with CKD; therefore, the present cohort may 
include people with non-diabetic nephropathy, such as 
glomerular nephritis, although we excluded two individuals 
with biopsy-proven diagnosis of non-diabetic nephropathy 
at baseline. Third, the categorisation of albuminuria at 
baseline may have been improper in some individuals owing 
to the single measurement of UACR, although we restricted 
the timing of urine collection to the first in the morning to 
minimise the misclassification [38]. Fourth, the category 
progression of albuminuria might have been underestimated 
owing to the study design. Finally, the present study did 
not evaluate time-dependent changes in laboratory data, 
blood pressure, BMI and medications during the follow-up 
period or the occurrence of pregnancy, malignancy and 
cardiovascular disease after baseline, which might influence 
the endpoints.

In conclusion, the present retrospective cohort study of 
Japanese adults with type 2 diabetes provides evidence that 
those exhibiting non-albuminuric kidney insufficiency have 
poorer kidney outcomes and life prognosis than those with-
out CKD. Attention to occasional decline in kidney function 
unaccompanied by albuminuria may be necessary in people 
with this unique phenotype of kidney disease. Multicentre 
prospective cohort studies with larger sample sizes are war-
ranted to confirm these findings.

Supplementary Information The online version of this article  (https:// 
doi. org/ 10. 1007/ s00125- 021- 05590-5) contains peer-reviewed but 
unedited supplementary material.
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