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Introduction: Albuminuria is a clinical hallmark of diabetic nephropathy (DN). Nevertheless, it is contro-

versial whether pathologic DN lesions exist in individuals with diabetes with normoalbuminuria. We

investigated the association between albuminuria levels and the frequency of DN lesions in autopsied

diabetic cases from a Japanese community.

Methods: A total of 106 autopsied cases with diabetes mellitus (mean age ¼ 76 years, 43.4% male) who

died within 6 years after their last health examination were included in the study. Urinary albumin-

creatinine ratio (UACR) levels were divided into the following 3 groups: <30.0, 30.0 to 299.9,

and $300.0 mg/g. The kidney specimens were evaluated with light microscopy. Glomerular DN lesions

were categorized into class 0 to I, IIa, IIb, and III glomerular DN lesions according to the criteria of the Renal

Pathology Society. A Cochran-Armitage test was used to evaluate the association between the UACR

levels and the presence of class IIa or higher glomerular DN lesions.

Results: The frequency of class IIa or higher glomerular DN lesions was 63.2% (IIa, 36.8%; IIb, 3.8%; and III,

22.6%) among overall cases. The frequencies increased significantly with higher UACR levels (P for

trend ¼ 0.02). The frequency of class IIa or higher glomerular DN lesions was 51.2%, even in individuals

with UACR < 30 mg/g.

Conclusion: This study revealed a positive association of the UACR levels with the presence of class IIa or

higher glomerular DN lesions, which were also frequently found even in the normal range of UACR levels,

among autopsied diabetic cases from a Japanese community.
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D
N accounts for approximately half of all cases of
end-stage kidney disease in many countries.1–3

The typical clinical course of DN is a period of micro-
albuminuria followed by overt albuminuria and then
a decline in kidney function, and pathologic DN lesions
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are considered to progress with increasing albumin-
uria.4 Thus, albuminuria is a clinical hallmark of DN.
In contrast, some patients with diabetes have reported
a rapid decline in kidney function without overt
albuminuria.5

Recently, several hospital-based studies suggested
that albuminuria is not necessarily linked with the
presence of pathologic DN lesions.6–8 Clinical studies
using kidney biopsy specimens have revealed that
patients with impaired kidney function, especially
those with a rapid decline of kidney function, had
severe DN lesions, despite the absence of micro-
albuminuria or overt albuminuria.6,7 Nevertheless, the
3035
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findings from the clinical studies using kidney biopsy
specimens are likely to be biased toward severe kidney
lesions because kidney biopsies in patients with dia-
betes tend to be performed in cases of suspected kidney
disease other than DN.9 Furthermore, a study using
hospital-based autopsied cases revealed that the path-
ologic DN lesions were present in patients with dia-
betes before the development of albuminuria.8 In this
autopsy study, however, albuminuria was mainly
determined by the urinary dipstick test, which is less
sensitive and less accurate than quantitative measure-
ment, and could have misclassified the extent of albu-
minuria. In addition, hospital-based autopsied cases
may include clinically specific cases. Although these
hospital-based studies suggest that the progression of
DN cannot be seen as a continuum of worsening
albuminuria followed by kidney dysfunction, these
studies include several limitations, as mentioned pre-
viously, such as selection bias and differences in the
methods used to evaluate the urine findings. Therefore,
these findings need to be verified in a community-
based autopsy study that includes quantitative mea-
surement of albuminuria.

The Hisayama Study is a community-based longi-
tudinal study of cardiovascular disease in a Japanese
population, in which autopsies have been performed
among w70% of deceased cases in a community to
determine the causes of deaths and evaluate pathologic
changes in various organs.10,11 The aims of the present
study are (i) to evaluate the association between albu-
minuria levels and pathologic DN lesions and (ii) to
determine the frequency of autopsied cases with
pathologic DN lesions (i.e., prevalence of pathologic
DN) according to albuminuria levels, especially normal
albuminuria levels, among autopsied diabetic cases
from a Japanese community.
METHODS

Study Population and Autopsy

The Hisayama Study was started in 1961 in the town of
Hisayama, a suburban community adjacent to Fukuoka
City in a metropolitan area of Kyushu Island in
southern Japan. To date, 7 prospective cohorts have
been established, for which the full-community sur-
veys at baseline were conducted in 1961, 1974, 1983,
1988, 2002 to 2003, 2007 to 2008, and 2012 to 2013
among approximately 70% to 80% of residents
aged $40 years.10,11 In this study, a 75-g oral glucose
tolerance test has been performed at annual health
checkups since 1988 to diagnose diabetes mellitus,12

and the UACR was measured at baseline surveys in
2002 to 2003, 2007 to 2008, and 2012 to 2013. In
addition, autopsy examinations of deceased people in
3036
this town have been performed since 1961. The au-
topsies were performed at the Department of Pathol-
ogy, Kyushu University. All autopsied cases were
performed in a standard method throughout the study
period.

For the present study, we used autopsy specimens
obtained from deceased people in the town of Hisayama
from July 2002 to November 2017. During this period,
a total of 1194 residents died, and 715 of these under-
went autopsy examinations. Among them, 513 partic-
ipants had received the health examinations at a survey
in either 2002 to 2003, 2007 to 2008, or 2012 to 2013
within 6 years of death, of whom 131 subjects had
diabetes. After excluding 16 autopsied cases without
available data of UACR, 5 cases without available kid-
ney specimens, 2 cases with microscopically diagnosed
membranous nephropathy, and 2 cases with almost all
glomeruli with global glomerular sclerosis, the
remaining 106 autopsied diabetic cases were included
in the present study (Supplementary Figure S1). The
mean period from the last health examination to death
was 3.3 (SD ¼ 1.6) years.

Diagnosis of Diabetes Mellitus

Diabetes mellitus was defined as a fasting plasma
glucose level $ 7.0 mmol/l, 2 hours postloaded or ca-
sual plasma glucose level $ 11.1 mmol/l, or use of oral
glucose-lowering medications or insulin,13 in which
plasma glucose levels were measured by the hexokinase
method at the health examination. The duration of
diabetes mellitus was calculated from the date of the
first diagnosis in the past health checkups to the date of
the last visit of the survey in either 2002 to 2003, 2007
to 2008, or 2012 to 2013.

Measurement of Albuminuria

We obtained a spot urine sample during the morning of
the health examination visit. Urinary creatinine and
albumin levels were measured using the turbidimetric
immunoassay method. The UACR was calculated by
dividing urinary albumin by urinary creatinine con-
centration. The subjects were divided into 3 groups
using UACR levels of 30.0 and 300.0 mg/g as cutoff
values.14

Pathologic Examination of the Kidney Tissue

and Outcomes

All kidney specimens were fixed in buffered formalin,
embedded in paraffin, cut into 2 to 3 mm sections, and
stained with hematoxylin and eosin, periodic acid–
Schiff, Masson’s trichrome, and periodic acid–
methenamine silver. We obtained images of 50
randomly selected glomeruli using light microscopy
with a magnification of �400. The class of glomerular
Kidney International Reports (2021) 6, 3035–3044
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DN lesions was determined based on the classification
proposed by the Renal Pathology Society as follows:
class IIa glomerular DN lesion, >25% nonsclerotic
glomeruli with mesangial expansion smaller than a
capillary loop; class IIb glomerular DN lesion, >25%
nonsclerotic glomeruli with mesangial expansion larger
than a capillary loop; class III glomerular DN lesion, the
presence of 1 or more nodular lesions; and class IV
glomerular DN lesion, global glomerulosclerosis in
>50% of glomeruli with lesions from class I to III
glomerular DN lesions.15 In the present study, when no
abnormalities were found on light microscopy, the
lesion was defined as a class 0 to I glomerular DN lesion
owing to the absence of available data based on elec-
tron microscopy. No autopsied cases with class IV
glomerular DN lesions were included in the present
study population after excluding the above-mentioned
2 cases in which almost all glomeruli exhibited global
glomerular sclerosis, which could not be evaluated for
the presence of glomerular DN lesions or other
glomerular diseases. The percentage of global glomer-
ulosclerosis was calculated. Regarding mesangial
expansion, each glomerulus was scored as follows: 0,
no mesangial expansion; 1, mesangial expansion
smaller than a capillary loop; 2, mesangial expansion
equivalent to a capillary loop; or 3, mesangial expan-
sion larger than a capillary loop.7,16 The mesangial
expansion index was defined as the mean mesangial
score for each glomerulus.16 The following other
glomerular lesions were evaluated for the presence or
absence of nodular lesions, subendothelial space
widening, exudative lesions, mesangiolysis, polar vas-
culosis, and glomerulomegaly.7 The degree of intersti-
tial fibrosis and tubular atrophy (IFTA) and interstitial
inflammation was semiquantitatively evaluated every
5% as the percentages of the affected area over the
observed cortical area, and the mean values of 3 fields
of view at the magnification of �40 were calculated.
The severity of arteriolar hyalinosis was scored as fol-
lows: 0, no hyalinosis; 1, partial hyalinosis; 2, hyali-
nosis covering approximately half of the vessel wall; or
3, hyalinosis covering more than half of the vessel wall
and/or hyalinosis covering all layers of the ves-
sels.7,16,17 The arteriolar hyalinosis index was defined
as the mean arteriolar hyalinosis scores for each
observed vascular pole.16,18 The arterial intima-media
ratio was defined as the ratio of intimal thickness to
media thickness,7 and the mean values of 3 arteries
were calculated.

All pathologic images were captured by 1 investi-
gator (TS) with light microscopy (Leica DM 750; Leica
Microsystems, Wetzlar, Germany) and a digital camera
(Leica ICC 50 W; Leica Microsystems) throughout the
present study. The captured images were saved
Kidney International Reports (2021) 6, 3035–3044
without any processing or manipulation and distrib-
uted to each investigator.

All pathologic findings except glomerular hyper-
trophy were evaluated independently by 2 nephrolo-
gists (TS and KN), who were blinded to the clinical
information, and glomerular hypertrophy was deter-
mined as the presence of at least 1 glomerulus > 250
mm by TS. The more severe score from the classification
of the glomerular DN lesions by the 2 investigators was
used in the analysis. The intraclass correlation coeffi-
cient for the classification of glomerular DN lesions
between the 2 investigators was 0.84. The mean value
of the measurements of the 2 investigators was used to
analyze the mesangial expansion index, percentages of
global glomerulosclerosis, IFTA, interstitial inflamma-
tion, arteriolar hyalinosis index, and arterial intima-
media ratio. Other findings were defined as those
determined to be present by at least 1 investigator. In
the present study, the class of glomerular DN lesions
proposed by the Renal Pathology Society was the pri-
mary outcome, and the other findings were the sec-
ondary outcomes.

Measurement of Risk Factors

Self-administered questionnaires containing the base-
line information on smoking habits, medications, and
past medical history were completed by each partici-
pant and confirmed by well-trained interviewers. At
the health examinations, blood pressure (BP) was
measured 3 times using an automatic sphygmoma-
nometer with the subject in a seated position after at
least 5 minutes of rest. An average of 3 measurements
was used for the analysis. Hypertension was defined as
systolic BP $ 140 mm Hg, diastolic BP $ 90 mm Hg, or
the use of antihypertensive medications. Body height
and weight were measured in light clothing without
shoes, and body mass index was calculated as body
weight in kilograms divided by body height in meters
squared. Hemoglobin A1c was measured as the Japan
Diabetes Society value by a latex aggregation immu-
noassay in 2002 to 2003 and 2007 to 2008 and as the
National Glycohemoglobin Standardization Program
value by high-performance liquid chromatography in
2012 to 2013. The Japan Diabetes Society values were
converted to the National Glycohemoglobin Standard-
ization Program values with the following formula:
hemoglobin A1c (%) ¼ 1.02 � hemoglobin A1c (Japan
Diabetes Society) (%) þ 0.25%.19 Serum total choles-
terol was measured enzymatically. Hypercholesterole-
mia was defined as serum total cholesterol $ 5.69
mmol/l or current use of lipid-modifying agents. The
estimated glomerular filtration rate was calculated us-
ing the creatinine-based Chronic Kidney Disease
Epidemiology Collaboration equation modified by the
3037



Table 1. Characteristics of the included autopsied diabetic cases at
the last health examination within 6 years before death according to
the urinary albumin-creatinine ratio levels

Variables

Urinary albumin-creatinine ratio, mg/g

P for trend

<30.0
30.0--
299.9 ‡300.0

n [ 41 n [ 45 n [ 20

Age at the last health examination, yr 75 (9) 77 (9) 78 (10) 0.17

Age at death, yr 78 (9) 80 (9) 81 (10) 0.19

Duration from the last health
examination to death, yr

3.2 (1.4) 3.4 (1.6) 2.9 (1.6) 0.68

Male, % 41.5 35.6 65.0 0.17

Hemoglobin A1c, % 6.5 (1.1) 6.7 (1.7) 6.9 (1.2) 0.28

Duration of diabetes mellitus$5 yr, % 63.4 71.1 90.0 0.04

Use of diabetic medication, % 68.3 55.6 65.0 0.60

Use of oral hypoglycemic agent, % 56.1 51.1 50.0 0.61

Use of insulin, % 17.1 4.4 25.0 0.76

Systolic blood pressure, mm Hg 133 (16) 142 (22) 150 (20) <0.001

Diastolic blood pressure, mm Hg 76 (11) 78 (10) 80 (13) 0.19

Hypertension, % 70.7 84.4 80.0 0.27

Use of hypertensive medication, % 56.1 64.0 70.0 0.24

Use of ARB/ACE-I, % 39.0 44.4 55.0 0.25

Serum total cholesterol, mmol/l 4.97
(0.93)

4.71
(0.98)

4.71
(1.09)

0.28

Hypercholesterolemia, % 39.0 33.3 65.0 0.12

Use of lipid-modifying medication, % 26.9 24.4 45.0 0.23

Body mass index, kg/m2 23.0 (4.0) 23.6 (3.3) 23.5 (4.1) 0.57

eGFR, ml/min per 1.73 m2 65.6
(13.9)

60.7
(16.0)

54.0
(17.4)

0.007

Current and former smoker, % 51.2 60.0 50.0 0.90

Current smoker, % 9.8 15.6 10.0 —

Former smoker, % 41.5 44.4 40.0 —

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
eGFR, estimated glomerular filtration rate.
Data are illustrated as the mean values (SD) or percentages.

CLINICAL RESEARCH T Sasaki et al.: Diabetic Nephropathy in Normoalbuminuria
Japanese coefficient,20 for which serum creatinine
levels were measured enzymatically.

Statistical Analyses

Linear trends in the mean values of risk factors, the
median values of the index of pathologic kidney lesion,
and the frequencies of risk factors and the class of
glomerular DN lesion across the UACR levels were
tested using a linear regression analysis, a Jonckheere-
Terpstra test,21 and a Cochran-Armitage test,21

respectively. A binomial and an ordinal logistic
regression analysis were used to evaluate the odds ra-
tios and 95% CIs of the UACR levels on the class of
glomerular DN lesions. In the multivariable-adjusted
analysis, the risk estimates were adjusted for poten-
tial risk factors—namely, age, sex, hemoglobin A1c,
duration of diabetes mellitus $5 years, systolic BP, use
of angiotensin receptor blocker and/or angiotensin-
converting enzyme inhibitor, hypercholesterolemia,
body mass index, and current smoking. Two-sided P <
0.05 was considered statistically significant in all ana-
lyses. SAS version 9.4 (SAS Institute Inc., Cary, NC)
was used to perform all statistical analyses.

Ethical Standards

This study was conducted with the approval of the
Kyushu University Institutional Review Board for
Clinical Research. Written informed consent was ob-
tained from all individuals.

RESULTS

Characteristics of the Autopsied Diabetic Cases

Included in the Present Study

In the autopsied cases included in the present study,
the mean age at the last health examination was 76
(SD ¼ 9) years, and the proportion of men was 43.4%.
The characteristics of the cases at the last health ex-
amination according to the UACR levels are found in
Table 1. The frequencies of the duration of diabetes
mellitus $5 years and the mean values of systolic BP
increased significantly with increasing UACR levels,
whereas the mean values of estimated glomerular
filtration rate decreased significantly.

UACR Levels and Pathologic Findings

In the overall autopsied diabetic cases, the frequencies
of cases with class IIa or higher glomerular DN lesions
according to the Renal Pathology Society were as fol-
lows: class IIa, 39 (36.8%); class IIb, 4 (3.8%); and class
III, 24 (22.6%) (Figure 1). The frequencies of cases with
class IIa or higher and class III glomerular DN lesions
significantly increased with higher UACR levels in the
autopsied diabetic cases (Figure 1; P for trend ¼ 0.02
for class IIa or higher DN lesion; P ¼ 0.01 for class III).
3038
The age-, sex-, and multivariable-adjusted odds ratios
for the presence of class IIa or higher glomerular DN
lesions increased significantly for every 1 increment in
log-transformed UACR (Supplementary Table S1).
Similarly, in ordinal logistic analysis with the outcome
as an ordinal variable for the class of glomerular DN
lesions, the odds ratios for the progression of the class
of glomerular DN lesions increased significantly as log-
transformed UACR levels increased (Supplementary
Table S1). With regard to the frequencies of cases
with each pathologic DN-related glomerular lesion,
higher UACR levels were associated significantly with
higher frequencies of cases with nodular lesions and
exudative lesions (Table 2). In addition, we addressed
the association of UACR levels with the pathologic in-
dex for mesangial matrix expansion, glomerulo-
sclerosis, tubulointerstitial damage, and artery/arteriole
damage. Consequently, the median values of mesangial
expansion index, percentages of global glomerulo-
sclerosis, percentages of IFTA, percentages of intersti-
tial inflammation, and arteriolar hyalinosis index
increased significantly with increased UACR levels
(Figure 2). Meanwhile, there was no evidence of
Kidney International Reports (2021) 6, 3035–3044



Figure 1. Frequency of each class of glomerular diabetic nephropathy lesion in overall autopsied diabetic cases and according to the urinary
albumin-to-creatinine ratio levels. aTrends in the frequency of the presence of class IIa or higher glomerular DN lesions across the UACR levels,
including trends in the frequency of the presence of class III glomerular DN lesions, were tested by using a Cochran-Armitage test. DN, diabetic
nephropathy; UACR, urinary albumin-creatinine ratio.
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significant association of UACR levels with the fre-
quencies of cases with the other glomerular lesions,
except for nodular lesions and exudative lesions, and
median values of the arterial intima-media ratio.

Pathologic Findings in Autopsied Diabetic Cases

With Normoalbuminuria

As illustrated in Figure 1, 34.1% of the cases had class
IIa glomerular DN lesions, no case had class IIb, and
17.1% had class III among the autopsied diabetic cases
Table 2. Frequency of autopsied diabetic cases with glomerular
lesions related to diabetic nephropathy according to the UACR
levels

Glomerular lesions

Urinary albumin-creatinine ratio,
mg/g

P for trenda
<30.0 30.0--299.9 ‡300.0

n [ 41 n [ 45 n [ 20

Nodular lesion, % 17.1 15.6 50.0 0.01

Subendothelial space widening, % 36.6 35.6 40.0 0.84

Exudative lesion, % 12.2 17.8 55.0 <0.001

Mesangiolysis, % 39.0 42.2 55.0 0.27

Polar vasculosis, % 80.5 86.7 95.0 0.13

Segmental glomerulosclerosis, % 17.1 22.2 35.0 0.13

Glomerulomegaly, % 43.9 53.3 55.0 0.35

UACR, urinary albumin-creatinine ratio.
aTrends in the frequency of each lesion across the UACR levels were tested by using a
Cochran-Armitage test.

Kidney International Reports (2021) 6, 3035–3044
with normoalbuminuria defined as UACR < 30.0 mg/g.
Figure 3 illustrates the representative histologic find-
ings of DN lesions—namely, mesangial expansion,
mesangiolysis, arteriolar hyalinosis, and nodular le-
sions—identified in autopsied diabetic cases with
normoalbuminuria. Similar findings were observed in
the sensitivity analyses restricting the following cases
(Table 3): (i) cases without the use of an angiotensin
receptor blocker and/or angiotensin-converting
enzyme inhibitor; (ii) cases with a duration of dia-
betes mellitus $5 years; (iii) cases with persistent
normoalbuminuria (or normal proteinuria [negative or
trace proteinuria in urinary test strips]) 5 to 6 years
before the last health examination; (iv) cases without a
current smoking habit; and (v) cases who died within 2
or 3 years after the last health examination. The fre-
quencies of class IIa or higher and class III glomerular
DN lesions increased significantly with higher tertile
levels of UACR in the group with normoalbuminuria
(Figure 4; P for trend ¼ 0.01 for class IIa or higher DN
lesions; P ¼ 0.03 for class III).

DISCUSSION

This study revealed that 63.2% of the autopsied dia-
betic cases in a Japanese community had class IIa or
higher glomerular DN lesions. In addition, the
3039



Figure 2. Boxplots and dot plots of the extent of the pathologic index for mesangial matrix expansion, glomerulosclerosis, tubulointerstitial
damage, and artery/arteriole damage according to urinary albumin-to-creatinine ratio levels. (a) Mesangial expansion index; (b) global glo-
merulosclerosis; (c) interstitial fibrosis and tubular atrophy; (d) interstitial inflammation; (e) arterial intima-media ratio; and (f) arteriole hyalinosis
index. The bold horizontal line represents the median, the box represents the 25th to 75th percentiles, the vertical bar represents the minimum to
the maximum except for outliers, and the dots represent individual cases. Trends in the difference across albuminuria levels were tested by
using a Jonckheere-Terpstra test. IFTA, interstitial fibrosis and tubular atrophy.

CLINICAL RESEARCH T Sasaki et al.: Diabetic Nephropathy in Normoalbuminuria
frequency of cases with class IIa or higher glomerular
DN lesions, including nodular and exudative lesions,
increased significantly with higher UACR levels.
Higher UACR levels were also associated with higher
median values for each of the following: mesangial
expansion index, percentage of global
3040
glomerulosclerosis of IFTA, interstitial inflammation,
and arteriolar hyalinosis index. Intriguingly, the fre-
quency of class IIa or higher glomerular DN lesions was
>50%, even in diabetic cases with normoalbuminuria.
These findings suggest a high frequency of glomerular
DN lesions that would be potential therapeutic targets,
Kidney International Reports (2021) 6, 3035–3044



Figure 3. Representative histologic findings of glomerular diabetic nephropathy lesions in autopsied cases with normoalbuminuria. Mesangial
expansions (green arrow), mesangiolysis (pink arrow), arteriolar hyalinosis (yellow arrow), and nodular lesions (blue arrow) were observed.
Original magnification, �400.
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even in patients with normal albuminuria levels,
among autopsied diabetic cases from a Japanese
community.

In the present study, elevated UACR levels were
significantly associated with glomerular injuries (i.e.,
class of glomerular DN lesions, mesangial expansion
index, global glomerulosclerosis, nodular lesions, and
exudative lesions), tubulointerstitial injuries (i.e., IFTA
and interstitial inflammation), and arteriolar injuries
(i.e., arteriolar hyalinosis index). Studies using
kidney biopsy specimens have reported an association
between albuminuria levels and pathologic kidney
findings.7,22‒25 Moreover, a recent hospital-based au-
topsy study reported by Klessens et al.8 revealed that
cases with albuminuria (i.e., microalbuminuria or pro-
teinuria), which is mainly determined by the urinary
dipstick test, had more severe changes in some kidney
findings—that is, the percentage of glomeruli with
nodular lesions and IFTA—than those without. The
underlying mechanisms of albuminuria in DN are
Table 3. Sensitivity analyses restricted to several subsets of
autopsied diabetic cases with normoalbuminuria for the frequencies
of cases with class IIa and class III glomerular diabetic nephropathy
lesions

Subjects
No. of
subjects

Class of
glomerular
diabetic

nephropathy

IIa, % III, %

All autopsied cases with normal albuminuria 41 34.1 17.1

Without ARB or ACE-I 25 40.0 8.0

Duration of diabetes mellitus $5 yr 26 38.5 23.1

Persistent normal albuminuria or proteinuria 23 34.8 13.0

Noncurrent smoker 37 37.8 16.2

Autopsies within 2 yr from the last health examinations 8 37.5 12.5

Autopsies within 3 yr from the last health examinations 20 30.0 15.0

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
No autopsied cases with normal albuminuria had class IIb glomerular diabetic ne-
phropathy lesions in the present study.
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considered to be leakage of circulating proteins owing
to injury of glomerular components and glomerular
hemodynamic abnormalities and impaired reabsorption
of proteins in the proximal tubules.26 Therefore, it is
rational that the UACR levels were associated with
glomerular, tubulointerstitial, and arteriolar injuries in
the present study.

In the present study, 51.2% of the autopsied cases
had class IIa or higher glomerular DN lesions in
autopsied diabetic cases with normoalbuminuria, and
this value was not substantially changed in the sensi-
tivity analyses excluding cases that can affect the
UACR levels and the class of DN lesions (e.g., cases
with use of angiotensin receptor blocker and/or
angiotensin-converting enzyme inhibitor). A kidney
biopsy–based study did not reveal a significant asso-
ciation between the UACR level and the mesangial
volume fraction in the subjects with normoalbuminuria
or microalbuminuria.25 Nevertheless, the study had the
limitations of small sample size (i.e., <100 subjects) and
the possibility of selection bias based on the indications
for kidney biopsy. Meanwhile, the above-mentioned
autopsy study also found that diabetic cases with
normoalbuminuria had histologically proven DN.8 The
frequency of the cases with class IIa or higher
glomerular DN lesions was similar between the above-
mentioned hospital-based autopsy study and our pre-
sent report. Nevertheless, the above-mentioned au-
topsy study failed to reveal a significant difference in
the frequency in DN lesions between the presence and
absence of albuminuria. In contrast, the present study
revealed a significant positive association between the
UACR levels and the frequency of DN lesions even
among cases with normal albuminuria levels. The exact
reason for the discrepancy in the findings between
these autopsy studies is unclear. Nevertheless, it may
be because of differences in the sample size, age at
autopsy (i.e., older in the present study), ethnicity (i.e.,
3041



Figure 4. Frequency of each class of glomerular diabetic nephropathy lesion according to urinary albumin-to-creatinine ratio levels among the
autopsied diabetic cases with normoalbuminuria. aTrends in the frequency of the presence of class IIa or higher glomerular DN lesions across
the UACR levels, including trends in the frequency of the presence of class III glomerular DN lesions, were tested by using a Cochran-Armitage
test. DN, diabetic nephropathy; UACR, urinary albumin-creatinine ratio.
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Asians were more susceptible to DN in a study by
Young et al.27), and the methods used to measure
albuminuria (i.e., the quantitative measurement used in
the present study is more sensitive and accurate, and
thus less likely to lead to misclassification). It may be
reasonable, however, to suppose that a relatively large
number of subjects with class IIa or higher glomerular
DN lesions, who are potential targets for DN therapy,
exist among autopsied diabetic cases with normoalbu-
minuria, considering pathologic kidney findings are
associated with kidney prognosis7,24 and can be
ameliorated by therapeutic interventions.28,29 In
particular, some renoprotective agents, such as sodium-
glucose cotransporter 2 inhibitors, which have recently
been suggested to ameliorate the progression of kidney
dysfunction even in patients with normal albumin-
uria,30 may be available for patients with pathologic
DN lesions with normoalbuminuria. Further longitu-
dinal studies will be needed to elucidate the effec-
tiveness of such agents in patients with pathologic DN
lesions with normoalbuminuria.

The strengths of the present study include the use of
autopsied cases from a community-based cohort study
with a high autopsy rate. In addition, we evaluated 50
glomeruli per subject, which is greater than the
3042
number of glomeruli generally available in kidney bi-
opsy specimens. Furthermore, we had accurate infor-
mation on the quantified values of UACR (rather than
urinary test strips), duration of diabetes, medications,
and other covariates. Nevertheless, there were also
several limitations to the present study. First, although
approximately half of the diabetic cases with nor-
moalbuminuria had class IIa or higher glomerular DN
lesions in the present study, there was still a possibility
of progressing UACR levels (e.g., normoalbuminuria to
microalbuminuria) during the maximum 6-year in-
tervals between the last health examination and the
autopsy. Nevertheless, the sensitivity analyses
restricting autopsied cases to within 2 or 3 years from
the last health examinations also found that 45% to
50% of the cases had class IIa or higher glomerular DN
lesions. This finding does not entirely rule out the
possibility of progressing UACR levels as a limitation,
but we believe that our conclusion is reasonable. Sec-
ond, class I DN lesions could not be determined
because we did not evaluate the kidney samples with
electron microscopy. Moreover, no case with class IV
DN lesions was observed in the present study because
we excluded 2 cases in whom global glomerular scle-
rosis was almost entirely diffuse, such that glomerular
Kidney International Reports (2021) 6, 3035–3044
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DN lesions could not be evaluated. Finally, there is a
limit to the generalization of the findings, especially to
young or middle-aged people, because most autopsied
cases were older people.

CONCLUSIONS

We revealed that the frequency of autopsied diabetic
cases with class IIa or higher glomerular DN lesions
increased significantly with increasing UACR levels,
and even among those with normoalbuminuria, the
frequency was nearly 50%. The clinical benefit of
identifying the group of subjects with DN lesions with
normoalbuminuria has not yet been determined.
Nevertheless, given that pathologic severity is associ-
ated with kidney prognosis, the early diagnosis of DN
among diabetic subjects with normoalbuminuria may
help delay kidney impairment progression through
early therapeutic intervention. Future studies will be
needed to investigate biomarkers to identify cases with
pathologic DN lesions among diabetic subjects with
normoalbuminuria.
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