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Introduction: Nephrologists have recently recognized the heterogeneity of kidney diseases among pa-

tients with diabetes and begun to actively perform percutaneous renal biopsies (PRBs). Nevertheless, the

association between diabetes and major bleeding complications of PRB remains unclear.

Methods: In this retrospective cohort study using the Diagnosis Procedure Combination database in

Japan, we identified patients who underwent an elective PRB from July 2010 to March 2018. The primary

outcome was the occurrence of major bleeding complications, defined as red blood cell transfusion within

7 days after PRB or invasive hemostasis after PRB. Multivariable regression analysis was performed to

analyze the association between diabetes and major bleeding complications with adjustment for patient

and hospital characteristics.

Results: We identified 76,302 patients, including 8245 with diabetes. The proportion of PRBs performed for

patients with diabetes continuously increased over time. Major bleeding complications occurred in 678

patients (0.9%), including 622 (0.8%) with red blood cell (RBC) transfusion and 109 (0.1%) with invasive

hemostasis. Diabetes was significantly associated with major bleeding complications (relative risk [RR] ¼
2.41; 95% CI 2.00–2.90). Among patients with diabetes, multiagent or insulin treatment had significant

association with major bleeding complications (RR ¼ 1.57; 95% CI 1.18–2.10), compared with single-agent

diabetes treatment.

Conclusion: Diabetes is significantly associated with major bleeding complications of PRBs. Moreover,

severity of diabetes has association with increases in major bleeding complications. Thus, nephrologists

should carefully judge whether the anticipated benefits outweigh the relatively high risk of major bleeding

complications when considering PRB for patients with diabetes.
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PRBs
are critical for the diagnosis and man-
agement of kidney diseases.1 In the

past, patients with diabetes were considered to present
typical diabetic nephropathy, and PRB was not indi-
cated.1 Nevertheless, the situation regarding PRB for
patients with diabetes has recently changed because of
a paradigm shift from “diabetic nephropathy” to
“diabetic kidney disease.” The clinical courses of
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kidney diseases in patients with diabetes have become
heterogeneous and different from the typical course of
diabetic nephropathy, possibly because of the wide-
spread use of renin–angiotensin–aldosterone system
inhibitors and the presence of multiple comorbid con-
ditions.2–4 Renal complications of diabetes are now
referred to as “diabetic kidney disease,” which in-
cludes various disease phenotypes, in contrast to the
concept of typical diabetic nephropathy.5 Since this
paradigm shift around 2014, many nephrologists have
actively performed PRBs for patients with diabetes and
pointed out its effectiveness in the diagnosis and
treatment of renal complications of diabetes.6–16

Nevertheless, despite this shift, the risk of PRB for
patients with diabetes has not been fully evaluated.
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Although biopsy techniques have advanced, it is still
difficult to perfectly prevent major bleeding compli-
cations, which sometimes lead to RBC transfusion or
invasive hemostasis (transcatheter arterial embolization
or nephrectomy).17 Most previous studies investigating
risk factors for bleeding complications after PRB did
not include diabetes mellitus as a covariate because of a
lack of information on diabetes status in their data-
bases18,19 or because the researchers did not focus on
diabetes.20 Although diabetes was found not to be
significantly associated with RBC transfusion after PRB
in a recent analysis of 644 patients in the Boston Kidney
Biopsy Cohort,21 the sample size of this previous study
was not large enough to make a solid conclusion.
Hence, in this study, we aimed to evaluate the associ-
ation between diabetes mellitus and major bleeding
complications after PRB, using a national inpatient
database in Japan.

METHODS

Data Source

For this study, we used the Diagnosis Procedure
Combination database, a national inpatient database in
Japan. The database is a nationwide inpatient database.
This database collects data on approximately 7 million
inpatients per year from >1000 hospitals, which covers
approximately 90% of all tertiary care hospitals in
Japan.22,23 The database contains the following infor-
mation: patient baseline characteristics (age, sex, body
height, bodyweight, activities of daily living [ADL] at
admission assessed by the Barthel Index, and level of
consciousness at admission assessed by the Japan Coma
Scale); main diagnoses, comorbidities at admission, and
in-hospital complications recorded using International
Classification of Diseases, 10th Revision (ICD-10) codes;
surgical and nonsurgical procedures; in-hospital pre-
scriptions and devices used; and a unique hospital
identifier.22

Study approval was obtained from the institutional
review board of The University of Tokyo. Because of
the anonymous character of the data, the need for
informed consent was waived.

Patient Selection and Characteristics

Data were obtained for patients aged $16 years diag-
nosed with having or suspected to have a renal disor-
der (ICD-10 codes of main diagnosis: C900, D690, E102,
E107, E112, E117, E122, E127, E132, E137, E142, E147,
I120, I129, N00, N01-08, N10-12, N14, N158, N159,
N16-19, N25, N26, N289, N391, M30-36, R31, or R80)
who underwent an elective PRB within 4 days after
admission from July 2010 to March 2018. The exclusion
criteria were as follows: patients with a history of
kidney transplantation (ICD-10 code T861 or Z940) or
Kidney International Reports (2022) 7, 232–240
receiving kidney transplant during hospitalization;
patients with impaired consciousness at admission;
patients undergoing hemodialysis, peritoneal dialysis,
continuous renal replacement therapy, mechanical
ventilation, vasopressor administration, or an intensive
care unit stay before the PRB; patients receiving RBC
transfusion or surgical operation under general anes-
thesia before the PRB; second or subsequent PRBs for
the same patient during the study period; patients with
no body mass index data; and patients with no ADL
data.

Diabetes mellitus was defined by the in-hospital
prescription of antidiabetes agents or insulin during
hospitalization. In a subgroup analysis, patients with
diabetes were divided into the following 2 groups by
the complexity of their diabetes treatment: (i) patients
receiving single-agent diabetes treatment without in-
sulin during hospitalization (single-agent treatment)
and (ii) patients receiving multiagent diabetes treat-
ment or insulin treatment during hospitalization
(multiagent or insulin treatment).

Outcome Measurement

The primary outcome was major bleeding complica-
tions, defined as (i) RBC transfusion within 7 days after
the PRB or (ii) invasive hemostasis (transcatheter arte-
rial embolization or nephrectomy) after the PRB during
hospitalization. The occurrences of (i) and (ii) were
separately evaluated as the secondary outcomes. We
also performed 3 sensitivity analyses. First, we
analyzed the association between diabetes and massive
RBC transfusion (>1000 ml) after the PRB during hos-
pitalization because RBC transfusion might be influ-
enced by each patient’s baseline hemoglobin level.21,24

Second, we excluded patients with anemia defined
using the ICD-10 codes (D5, D60–64) on admission and
analyzed the association between diabetes and major
bleeding complications. Finally, we changed the defi-
nition of diabetes and analyzed the association between
diabetes and major bleeding complications, where
diabetes was defined using the ICD-10 codes E10 to
E14.

Covariates

We obtained data on the following patient character-
istics and used them as covariates: age, sex, body mass
index, ADL recorded using the Barthel Index, corti-
costeroid use, immunosuppressant use, antithrombotic
use, presence of chronic kidney disease, and clinical
renal syndromes. Presence of chronic kidney disease
was defined using the ICD-10 code N18 or N19. Clinical
renal syndromes were classified into the following 3
categories: (i) acute kidney injury (AKI) or rapidly
progressive glomerulonephritis (RPGN), defined using
233
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the ICD-10 code N00, N01, N10, or N17; (ii) nephrosis,
defined using the ICD-10 code N04; and (iii) others.

We also used the following hospital characteristics
as covariates: hospital volume (the number of patients
undergoing a PRB per year in each hospital), whether
the institution was an academic hospital, and timing of
the PRB. Timing of the PRB was classified into the
following 2 categories: earlier years (Japanese fiscal
years 2010–2015 [July 2010–March 2016]) or later years
(Japanese fiscal years 2016–2017 [April 2016–March
2018]). The reason for this classification is that the
proportion of PRBs that are performed for patients with
diabetes has rapidly increased since Japanese fiscal year
2015, and we wanted to analyze whether the expanded
indication of PRB for patients with diabetes was asso-
ciated with major bleeding complications.

Statistical Analysis

Variables were expressed as median and interquartile
range (25th–75th percentiles) for continuous data or as
number and percentage for categorical data. Patient
and hospital characteristics were compared between
patients with and without diabetes using the Mann–
Whitney U test (for continuous variables) or the c2

test (for categorical variables). Multivariable regression
analysis was performed to analyze the associations be-
tween diabetes mellitus and the primary or secondary
outcomes, with adjustment for patient and hospital
characteristics. We estimated RRs with 95% CIs using
robust Poisson regression models25,26 fitted with
generalized estimating equations27,28 to account for the
clustering of patients within hospitals. In sensitivity
analyses, we applied the same models. In the subgroup
analysis, multivariable regression analysis was also
performed to investigate the relationship between the
complexity of diabetes treatment and major bleeding
complications among patients with diabetes, again
Figure 1. Flowchart of patient selection. ADL, activities of daily living; B
intensive care unit; PRB, percutaneous renal biopsy; RBC, red blood cell.
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adjusting for patient and hospital characteristics. The
threshold for significance was set at P < 0.05. All
statistical analyses were performed using Stata, Version
16 software (StataCorp, College Station, TX).
RESULTS

Patient Characteristics

We identified 84,153 patients aged $16 years who
were diagnosed with or suspected of having renal
disorders and who underwent an elective PRB within 4
days after admission during the study period. Of these,
3372 patients who had undergone kidney trans-
plantation; 197 patients with impaired consciousness
on admission; 318 patients who underwent hemodial-
ysis, peritoneal dialysis, continuous renal replacement
therapy, mechanical ventilation, vasopressor adminis-
tration, or an intensive care unit stay before the PRB;
303 patients who had received RBC transfusion or
surgical operation under general anesthesia before the
PRB; 871 patients of second or subsequent PRBs for the
same patient during the study period; 1332 patients
without body mass index data; and 1458 cases without
ADL data were excluded (Figure 1).

The remaining 76,302 eligible patients were classi-
fied as patients without diabetes (n ¼ 68,057) or pa-
tients with diabetes (n ¼ 8245). We found that the
proportion of PRBs that were performed for patients
with diabetes continuously increased over time. This
increasing trend especially accelerated beginning in
Japanese fiscal year 2015 (Supplementary Figure S1).
The baseline characteristics of both groups are sum-
marized in Table 1. Overall, the patients with diabetes
were more likely to be older adults, male, and obese;
more likely to have AKI or RPGN, nephrosis, and ADL-
dependent status; and more likely to use corticoste-
roids, compared with the patients without diabetes.
MI, body mass index; DPC, Diagnosis Procedure Combination; ICU,

Kidney International Reports (2022) 7, 232–240



Table 1. Baseline characteristics of patients with and without diabetes

Characteristic
Total patients
(N [ 76,302)

Patients without diabetes
(n [ 68,057)

Patients with diabetes
(n [ 8245) P value

Age, yr 50 (35–65) 48 (33–63) 65 (55–72) <0.001

Male, n (%) 39,555 (51.8) 34,561 (50.8) 4994 (60.6) <0.001

BMI (kg/m2) <0.001

BMI < 18.5, n (%) 6409 (8.4) 5980 (8.8) 429 (5.2)

18.5 # BMI <23.0, n (%) 32,871 (43.1) 30,121 (44.3) 2750 (33.4)

23.0 # BMI <25.0, n (%) 14,330 (18.8) 12,643 (18.6) 1687 (20.5)

25.0 # BMI <30.0, n (%) 17,608 (23.1) 15,079 (22.2) 2529 (30.7)

BMI $30.0, n (%) 5084 (6.7) 4234 (6.2) 850 (10.3)

Main diagnosis <0.001

AKI or RPGN, n (%) 3425 (4.5) 2393 (3.5) 1032 (12.5)

Nephrosis, n (%) 13,708 (18.0) 10,816 (15.9) 2892 (35.1)

Others, n (%) 59,169 (77.5) 54,848 (80.6) 4321 (52.4)

Presence of CKD, n (%) 8837 (11.6) 7278 (10.7) 1559 (18.9) <0.001

Hospital volume per yr 0.27

1–24 cases, n (%) 28,808 (37.8) 25,714 (37.8) 3094 (37.5)

25–44 cases, n (%) 25,197 (33.0) 22,412 (32.9) 2785 (33.8)

$45 cases, n (%) 22,297 (29.2) 19,931 (29.3) 2366 (28.7)

Academic hospital, n (%) 19,831 (26.0) 17,657 (25.9) 2174 (26.4) 0.41

Fiscal year period <0.001

2010–2015, n (%) 53,405 (70.0) 48,402 (71.1) 5003 (60.7)

2016–2017, n (%) 22,897 (30.0) 19,655 (28.9) 3242 (39.3)

ADL <0.001

Independent, n (%) 75,145 (98.5) 67,238 (98.8) 7907 (95.9)

Dependent, n (%) 1157 (1.5) 819 (1.2) 338 (4.1)

Corticosteroid use, n (%) 2365 (3.1) 1744 (2.6) 621 (7.5) <0.001

Immunosuppressant use, n (%) 802 (1.1) 691 (1.0) 111 (1.3) 0.005

Antithrombotic use, n (%) 1016 (1.3) 708 (1.0) 308 (3.7) <0.001

ADL, activities of daily living; AKI, acute kidney injury; BMI, body mass index; CKD, chronic kidney disease; RPGN, rapidly progressive glomerulonephritis.
BMI calculated as weight in kilograms divided by the square of height in meters.
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The median duration of inpatient care was 6 (inter-
quartile range 5–9) days, compatible with the typical
hospitalization period for PRBs in Japan.

Association of Diabetes Mellitus With Major

Bleeding Complications

A total of 678 patients (0.9% of all patients) had major
bleeding complications (Table 2). Diabetes mellitus was
significantly associated with major bleeding complica-
tions (RR ¼ 2.41; 95% CI 2.00–2.90). In addition, older
age, female sex, lower body mass index, AKI or RPGN,
presence of chronic kidney disease, academic hospital,
ADL-dependent status, and corticosteroid use were
statistically associated with major bleeding complica-
tions (Table 3 and Figure 2). As the number of PRBs for
Table 2. Major bleeding complications of patients with and without diabe

Event
Total patients
(N ¼ 76,302)

Patien
(

Major bleeding complications, n (%) 678 (0.9)

RBC transfusion, n (%) 622 (0.8)

Invasive hemostasis, n (%) 109 (0.1)

Massive RBC transfusion, n (%) 201 (0.3)

RBC, red blood cell.
Some patients received both RBC transfusion and invasive hemostasis. Thus, they were not m

Kidney International Reports (2022) 7, 232–240
patients with diabetes drastically increased beginning
in Japanese fiscal year 2015, we first included the
interaction term of diabetes mellitus and the dichoto-
mized fiscal year variable (fiscal years 2016–2017 vs.
fiscal years 2010–2015) in the model. Nevertheless, the
interaction term was not significant. Thus, we removed
the interaction term from our model.

Regarding the secondary outcomes, 622 patients
(0.8% of all patients) required RBC transfusion within
7 days after the PRB and 109 patients (0.1% of all pa-
tients) required invasive hemostasis after the PRB
during hospitalization (Table 2). Multivariable regres-
sion analysis has revealed that diabetes mellitus was
significantly associated with RBC transfusion (RR ¼
2.44; 95% CI 2.01–2.96) (Table 4 and Figure 3) and
tes
ts without diabetes
n ¼ 68,057)

Patients with diabetes
(n ¼ 8245) P value

424 (0.6) 254 (3.1) <0.001

381 (0.6) 241 (2.9) <0.001

82 (0.1) 27 (0.3) <0.001

70 (0.1) 131 (1.6) <0.001

utually exclusive.
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Table 3. Multivariable regression analysis for major bleeding
complications

Generalized estimating equations
(group variable: hospital code)

Multivariable analysis

RR (95% CI) P value

Diabetes mellitus 2.41 (2.00–2.90) <0.001

Age, yr 1.04 (1.03–1.04) <0.001

Female, sex 1.49 (1.27–1.76) <0.001

BMI (kg/m2) See Figure 2

Main diagnosis

AKI or RPGN 3.86 (3.17–4.71) <0.001

Nephrosis 0.89 (0.70–1.14) 0.35

Others 1 (base)

Presence of CKD 2.50 (2.11–2.97) <0.001

Hospital volume

1–24/yr 1 (base)

25–44/yr 0.86 (0.71–1.05) 0.15

$45/yr 0.90 (0.73–1.10) 0.29

Academic hospital 1.41 (1.16–1.71) 0.001

Fiscal year period 0.21

2010–2015 1 (base)

2016–2017 0.90 (0.76–1.06)

ADL <0.001

Dependent 2.57 (2.00–3.29)

Independent 1 (base)

Corticosteroid use 1.41 (1.05–1.89) 0.022

Immunosuppressant use 1.13 (0.52–2.45) 0.75

Antithrombotic use 1.14 (0.75–1.74) 0.53

ADL, activities of daily living; AKI, acute kidney injury; BMI, body mass index; CKD,
chronic kidney disease; RPGN, rapidly progressive glomerulonephritis; RR, relative risk.
BMI calculated as weight in kilograms divided by the square of height in meters.

Table 4. Multivariable regression analysis for red blood cell
transfusion

Generalized estimating equations
(group variable: hospital code)

Multivariable analysis

RR (95% CI) P value

Diabetes mellitus 2.44 (2.01–2.96) <0.001

Age, yr 1.04 (1.03–1.05) <0.001

Female, sex 1.63 (1.38–1.93) <0.001

BMI (kg/m2) See Figure 3

Main diagnosis

AKI or RPGN 3.92 (3.20–4.80) <0.001

Nephrosis 0.86 (0.66–1.11) 0.23

Others 1 (base)

Presence of CKD 2.70 (2.26–3.22) <0.001

Hospital volume

1–24/yr 1 (base)

25–44/yr 0.82 (0.66–1.00) 0.055

$45/yr 0.83 (0.67–1.03) 0.09

Academic hospital 1.43 (1.16–1.76) 0.001

Fiscal year period 0.17

2010–2015 1 (base)

2016–2017 0.88 (0.74–1.05)

ADL <0.001

Dependent 2.64 (2.06-3.37)

Independent 1 (base)

Corticosteroid use 1.41 (1.03–1.92) 0.032

Immunosuppressant use 0.93 (0.37–2.35) 0.88

Antithrombotic use 1.03 (0.66–1.62) 0.89

ADL, activities of daily living; AKI, acute kidney injury; BMI, body mass index; CKD,
chronic kidney disease; RPGN, rapidly progressive glomerulonephritis; RR, relative risk.
BMI calculated as weight in kilograms divided by the square of height in meters.
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invasive hemostasis (RR ¼ 1.87; 95% CI 1.16–3.02)
(Table 5 and Figure 4).

Sensitivity Analyses

We performed 3 sensitivity analyses to confirm the
association between diabetes and major bleeding com-
plications. First, we analyzed the association between
diabetes and massive RBC transfusion (>1000 ml) after
Figure 2. Cubic spline estimation of BMI and relative risk of major
bleeding complications. The horizontal axis denotes the BMI (kg/m2),
and the vertical axis denotes the relative risk of major bleeding
complications. BMI, body mass index.
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the PRB during hospitalization. A total of 201 patients
(0.3% of all patients) received massive RBC transfusion
after the PRB during hospitalization (Table 2). Diabetes
mellitus was significantly associated with massive RBC
transfusion (RR ¼ 7.47; 95% CI 5.25–10.63)
(Supplementary Table S1 and Supplementary
Figure S2). Second, we excluded patients with anemia
defined using the ICD-10 codes on admission and
Figure 3. Cubic spline estimation of BMI and relative risk of red
blood cell transfusion. The horizontal axis denotes the BMI (kg/m2),
and the vertical axis denotes the relative risk of red blood cell
transfusion. BMI, body mass index.

Kidney International Reports (2022) 7, 232–240



Table 5. Multivariable regression analysis for invasive hemostasis

Generalized estimating equations
(group variable: hospital code)

Multivariable analysis

RR (95% CI) P value

Diabetes mellitus 1.87 (1.16–3.02) 0.01

Age, yr 1.01 (1.00–1.03) 0.13

Female, sex 0.77 (0.52–1.15) 0.20

BMI (kg/m2) See Figure 4

Main diagnosis

AKI or RPGN 3.43 (1.96–6.01) <0.001

Nephrosis 1.04 (0.64–1.67) 0.88

Others 1 (base)

Presence of CKD 1.10 (0.68–1.78) 0.71

Hospital volume

1–24/yr 1 (base)

25–44/yr 1.59 (0.90–2.83) 0.11

$45/yr 1.74 (0.98–3.08) 0.06

Academic hospital 1.50 (0.90–2.51) 0.12

Fiscal year period 0.80

2010–2015 1 (base)

2016–2017 0.95 (0.62–1.45)

ADL 0.025

Dependent 2.43 (1.12–5.29)

Independent 1 (base)

Corticosteroid use 1.11 (0.46–2.70) 0.82

Immunosuppressant use 2.52 (0.61–10.41) 0.20

Antithrombotic use 1.87 (0.58–6.04) 0.29

ADL, activities of daily living; AKI, acute kidney injury; BMI, body mass index; CKD,
chronic kidney disease; RPGN, rapidly progressive glomerulonephritis; RR, relative risk.
BMI calculated as weight in kilograms divided by the square of height in meters.
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performed the same analysis. Even when patients with
anemia on admission were excluded, diabetes is asso-
ciated with major bleeding complications (RR ¼ 2.63;
95% CI 2.12–3.28) (Supplementary Tables S2–S4 and
Supplementary Figure S3). Finally, we changed the
definition of diabetes and performed the same analysis.
Even when diabetes was defined using the ICD-10
codes, diabetes had statistical association with major
Figure 4. Cubic spline estimation of BMI and relative risk of invasive
hemostasis. The horizontal axis denotes the BMI (kg/m2), and the
vertical axis denotes the relative risk of invasive hemostasis. BMI,
body mass index.

Kidney International Reports (2022) 7, 232–240
bleeding complications (RR ¼ 1.34; 95% CI 1.11–1.62)
(Supplementary Tables S5–S7 and Supplementary
Figure S4).

Subgroup Analysis in Patients With Diabetes

In the subgroup analysis, patients with diabetes were
classified as patients receiving single-agent treatment
(n ¼ 2562) or patients receiving multiagent or insulin
treatment (n ¼ 5683). The baseline characteristics of
these subgroups of patients are summarized in
Supplementary Table S8. Major bleeding complications
occurred in 50 patients (2.0%) of the single-agent
group and 204 patients (3.6%) of the multiagent or
insulin treatment group (Table 6). Multiagent or insulin
treatment was significantly associated with major
bleeding complications compared with single-agent
treatment (RR ¼ 1.57; 95% CI 1.18–2.10)
(Supplementary Table S9 and Supplementary
Figure S5).

DISCUSSION

In this retrospective cohort study using a large-scale
data set from a nationwide inpatient database in
Japan, patients with diabetes were found to be more
likely to have major bleeding complications after PRB
compared with patients without diabetes. Moreover, a
subgroup analysis revealed that, in patients with dia-
betes, multiagent or insulin treatment was significantly
associated with higher risk of major bleeding compli-
cations compared with single-agent treatment. To the
best of our knowledge, this is the first study to reveal
that diabetes mellitus is a risk factor for major bleeding
complications after PRB.

In our study, 0.8% of all patients received RBC
transfusion and 0.1% received invasive hemostasis
(transcatheter arterial embolization or nephrectomy), as
major bleeding complications after PRBs (Table 2),
which is compatible with the findings of previous re-
ports.18–20,29 Nevertheless, in a previous study using a
US National Inpatient Database, the major bleeding
complication rate was very high compared with that in
the present study.30 This may be due to differences in
the health care systems in the 2 countries. In Japan, all
Table 6. Major bleeding complications of the subgroups of patients
with diabetes

Event
Single-agent
(n [ 2562)

Multiagent or insulin
(n [ 5683) P value

Major bleeding complications, n (%) 50 (2.0%) 204 (3.6%) <0.001

RBC transfusion, n (%) 49 (1.9%) 192 (3.4%) <0.001

Invasive hemostasis, n (%) 2 (0.1%) 25 (0.4%) 0.008

Massive RBC transfusion, n (%) 7 (0.3%) 124 (2.2%) <0.001

RBC, red blood cell.
Some patients received both RBC transfusion and invasive hemostasis. Thus, they were
not mutually exclusive.
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PRBs are conducted during hospitalization. Patients in
Japan usually receive a PRB soon after admission and
stay in-hospital for 5 to 7 days as an observation period
even if they do not have any complications.31 In
contrast, outpatient PRBs are often performed in the
United States. A previous study revealed that compli-
cation rates were higher in hospitalized patients un-
dergoing PRBs than in outpatients undergoing PRBs.32

Thus, patients who receive a PRB during hospitaliza-
tion in the United States may have some kind of health
problems other than renal diseases.

Although previous studies identified risk factors for
major bleeding complications, such as female sex, use of
large-gauge needles, high serum creatinine levels, clin-
ical renal syndrome (AKI or RPGN), and low hospital
volume, their analyses did not include diabetes mellitus
as a covariate because of a lack of information regarding
diabetes in their databases18,19 or because the re-
searchers did not focus on diabetes.20 In the present
study, we included 76,302 patients and precisely iden-
tified patients with diabetes using in-hospital prescrip-
tion and procedure data. Diabetes mellitus was a risk
factor after adjustment for patient and hospital charac-
teristics including most previously reported risk factors
(Table 3 and Figure 2). Because recent cohort studies
have reported that patient baseline low hemoglobin
level is a risk factor for RBC transfusion,21,24 we con-
ducted sensitivity analyses, finding that diabetes melli-
tus was associated with massive RBC transfusion (>1000
ml) during hospitalization (Supplementary Table S1 and
Supplementary Figure S2) and that diabetes was also
associated with major bleeding complications even
when patients with anemia defined using ICD-10 codes
on admission were excluded (Supplementary Tables S2–
S4, and Supplementary Figure S3). Moreover, a sub-
group analysis of patients with diabetes suggested that
the severity of diabetes was associated with major
bleeding complications (Supplementary Table S9 and
Supplementary Figure S5).

We also observed a continuous increase throughout
the study period in the proportion of PRBs that were
performed for patients with diabetes, with a steep in-
crease in the last 2 years of the study period
(Supplementary Figure S1). This change is probably
explained by the paradigm shift from diabetic ne-
phropathy to diabetic kidney disease. Nevertheless, the
interaction term of diabetes mellitus and the binary
variable for fiscal year period (fiscal years 2016–2017
vs. fiscal years 2010–2015) was not significant in our
analysis. Thus, the extended indication of PRB for
patients with diabetes may not be clearly associated
with major bleeding complications.

Although the high risk of major bleeding complica-
tions observed in patients with diabetes cannot be
238
completely explained from biological perspectives, it
may be associated with the fact that patients with dia-
betes often have impaired wound healing in clinical
settings.33 Some basic studies using animal models have
suggested that high glucose levels impair wound heal-
ing because of aberrant inflammatory cell infiltration
and chemokine expression,34,35 which may be related to
the high proportion of patients with diabetes who had
major bleeding complications after PRB in our study.

This study had several limitations. First, we could
not include each patient’s serum creatinine level as a
covariate because of a lack of corresponding data in the
database. In a previous study, patients with high serum
creatinine levels were found to be susceptible to major
bleeding complications after PRBs.18 Nevertheless, the
effect of kidney function on bleeding risk was adjusted
to some extent by the inclusion of covariates for clin-
ical renal syndromes (AKI or RPGN) and presence of
chronic kidney disease in our study. Second, we could
not include needle gauge as a covariate in this study. In
a previous study, use of 14-gauge needles was an in-
dependent risk factor for major bleeding complica-
tions.19 Nevertheless, in a 2018 survey administered by
the Japanese Society of Nephrology,29 95% of hospitals
used 16-gauge or 18-gauge needles and <5% of hos-
pitals used 14-gauge needles. Thus, needle gauge may
not have a large effect on major bleeding complications
in Japanese clinical settings. Third, we could not pre-
cisely grasp patients’ blood glucose control because of a
lack of laboratory data, such as hemoglobin A1c and
glycoalbumin, in the database. Instead, we divided the
patients with diabetes into 2 groups by the complexity
of their diabetes treatment in the subgroup analysis.
Although the results suggest that the severity of dia-
betes is associated with major bleeding complications,
further studies using other databases that include
laboratory data are needed to elucidate the relationship
between blood glucose control and major bleeding
complications after PRB. Fourth, the adjustment for
antithrombotic agents in our study was not perfect
because the use of these agents is generally dis-
continued before hospitalization for an elective PRB in
Japan.31 Because the discontinuation and resumption
timing of these agents may depend on each patient’s
thrombosis risk, further studies are needed to deter-
mine the best management of these agents before and
after PRBs. Finally, this study was conducted in Japan,
where all patients undergoing PRBs need to stay in-
hospital for 5 to 7 days as an observation period.
Thus, our result cannot be simply applied to outpatient
PRBs in other countries because a possible bias toward
more RBC transfusions in patients with diabetes might
exist during hospitalization because of their comor-
bidities, such as coronary artery disease.
Kidney International Reports (2022) 7, 232–240
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In conclusion, diabetes is significantly associated
with major bleeding complications of PRBs. Moreover,
the severity of diabetes has association with major
bleeding complications. These findings suggest that
nephrologists should carefully judge whether the
anticipated benefits outweigh the relatively high risk
of major bleeding complications when considering PRB
for patients with diabetes.
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