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Background: The quality of care received by a growing number of
older patients with chronic kidney disease (CKD) has not been ad-
equately examined.

Objective: The objective of this study was to assess the quality of
CKD care among older patients and to clarify its association with the
incidence of end-stage renal disease (ESRD).

Research Design: This was a population-based cohort study.

Subjects: Older (65 y and above) CKD patients diagnosed between
October 2010 and September 2014 from the National Database of
Health Insurance Claims of Japan.

Measures: A composite quality score (QS) of 3 quality measures for
CKD care during the 6 months after CKD diagnosis was computed. The
validated quality measures included urine testing for proteinuria, nutri-
tional guidance, and nonsteroidal anti-inflammatory drugs avoidance. To
assess the association between the QS and ESRD incidence, we used
instrumental variable analysis after stratification for the history of diabetes.

Results: Among the 890,773 older CKD patients, 2.9% progressed
to ESRD (incidence rate of 12.5 per thousand person-years). In total,
59.9% underwent urine testing, 4.5% received nutritional guidance,
and 91.2% avoided regular use of nonsteroidal anti-inflammatory
drugs. An instrumental variable analysis revealed that a higher QS
was associated with—lower ESRD incidence in patients diagnosed
with diabetes (hazard ratio: 0.25, 95% confidence interval: 0.24–0.27
for each point higher score) but not in patients without a diagnosis of
diabetes (hazard ratio: 0.99, 95% confidence interval: 0.92–1.05).

Conclusion: Among older CKD patients, quality of CKD care
varied between patients, and better quality of CKD care was asso-
ciated with a lower ESRD incidence in patients with diabetes but not
in nondiabetic patients.
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Chronic kidney disease (CKD) is common1,2 and is a known
risk factor for mortality and cardiovascular disease.3,4 Pa-

tients with late-stage CKD not only have a higher probability of
developing the end-stage renal disease (ESRD) but also expe-
rience a lower quality of life and higher medical costs.5,6

Medical costs for treating 300,000 ESRD patients in Japan have
reached 1.5 billion USD annually, accounting for 4% of the total
medical expenditure.7 Improving the quality of care (QoC) for
CKD to prevent the development of ESRD is, therefore, a
clinically and socially important issue.8

The number of CKD patients in aging societies is
increasing.9 Because older CKD patients are more likely to
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exhibit multiple comorbidities,10 including both age-related
and disease-related kidney dysfunction, managing these pa-
tients requires extra caution.9,11–14 To improve the QoC for
CKD and outcomes in older patients, it is important to
evaluate QoC using real-world health data.15 We developed a
set of measures for QoC in CKD using the Delphi method,16

which is applicable to routinely collected data such as med-
ical claims data and hospital data.

To quantify and evaluate the multifaceted CKD QoC, we
investigated 3 indicators16 and their association with ESRD in a
national health care claims database in Japan,17 where all older
adults are completely covered by a universal health care system.

METHODS

Data Source
We extracted all claims data for patients aged 65 years

and above with CKD-related diagnosis codes entered between
October 2010 and September 2014, from the National Database
of Health Insurance Claims and Specific Health Checkups of
Japan (NDB). The NDB was established by the Japanese gov-
ernment to monitor health care claims, costs, evaluate medical
utilization, and conduct clinical research and is the only claims
database that can be used to assess real-world health care in a
country where 100% of its older population is covered by a
universal health care system.17,18 The NDB database contains
data for all diagnoses and all medical practices covered by
universal health insurance, but specific items that can be ex-
tracted for each research purpose are limited. For this study, only
data related to 3 indicators were available, and the available data
did not include laboratory values, such as estimated glomerular
filtration rate (eGFR) or hemoglobin levels.

Study Cohort and Participants
All older patients (aged 65 y and above) with new CKD

diagnosis and CKD-related codes during the selection period
(October 2010–September 2014) were identified. The CKD-re-
lated diagnosis codes comprised International Classification of
Diseases, 10th Revision (ICD-10) codes for CKD, tubule-
interstitial nephritis, chronic glomerular nephritis, diabetic
nephropathy, hypertensive nephrosclerosis, and polycystic kid-
ney disease (Supplemental Digital Content 1, Table 1, http://
links.lww.com/MLR/B958). We excluded patients with existing
CKD-related codes or who had received dialysis therapy
6 months before the selection period. We excluded patients with
lupus nephritis according to the ICD-10 codes (M320-321, 329),
as they represent a population with special care needs. We also
excluded patients visiting small-volume facilities (housing <10
patients/mo) during the baseline period, because the facility-
level quality score (QS) for such institutions is unstable. The
selection process is shown in Supplemental Digital Content 2,
Figure 1 (http://links.lww.com/MLR/B959). For each patient,
the baseline period was defined within the first 6 months after a
new diagnosis of CKD. After the baseline period, patients were
followed until March 2015.

Definition of Quality Score and Covariates
Our main exposure variable of the QS for CKD care was

the sum of the scores of 3 quality indicators (QIs). Each QI

was defined as a binary variable defining whether or not the
recommended CKD care was observed. We previously devel-
oped a set of 11 QIs for CKD patients using the Delphi method
(modified RAND appropriateness method)16 and validated these
indicators using a claims database in Taiwan.19 Herein, we se-
lected 3 QIs: urine test, nutritional guidance, and nonsteroidal
anti-inflammatory drugs (NSAIDs) avoidance identifiable by
procedure codes in the claims data. NSAIDs avoidance was
defined as evidence of prescription of NSAIDs for <14 days/mo.
We selected 3 indicators from the original 11 indicators studied
because they were retrievable from the Japanese claims database
without the need for additional information (such as laboratory
data of eGFR, urine protein and hemoglobin level) and are rec-
ommended in a wide CKD population including older
patients.20,21 We show applicability and measurability of the
original 11 indicators in Supplemental Digital Content 8, Table 7,
(http://links.lww.com/MLR/B965). All 3 indicators are recom-
mended in clinical guidelines and are indicative of multifaceted
CKD care (Supplemental Digital Content 9, Fig. 2, http://links.
lww.com/MLR/B966). Because we aimed to assess the overall
multifaceted QoC for CKD, we used the sum of the scores of the
3 indicators rather than that of each indicator separately.

Outcome Measures
Our main outcome was ESRD incidence, defined as the

first appearance of a claim for maintenance dialysis therapy,
which comprised procedure codes for both hemodialysis and
peritoneal dialysis.

Instrumental Variable Analysis
In the instrumental variable (IV) analysis, we used the sum

of 3 indicators as our main exposure. Because indicators were not
independent, it was difficult to assess each indicator separately
due to violation of exclusion restriction assumption (ie, no path-
way between instrument and outcome except through ex-
posure).22 We used the facility-level QS at the facility where the
patient was diagnosed with CKD, as the instrument. The facility-
level QS was defined as the sum of the facility-level QIs of urine
test, nutritional guidance, and NSAIDs avoidance. The facility-
level QI was calculated as the proportion of patients receiving the
recommended care within the facility over the baseline period.
The facility-level QS served as a surrogate for provider prefer-
ence, which is often used as an instrument in clinical research.23,24

To determine the validity of the IV analysis, we as-
sessed endogeneity using Hausman and Durbin-Wu-Hausman
tests. Three assumptions were examined for the IV analysis
(Supplemental Digital Content 3, Table 2, http://links.lww.
com/MLR/B960). First, we examined the association between
IV and exposure variables. The facility-level QS was strongly
associated with the QS each patient received (F-statistics>
10, Supplemental Digital Content 4, Table 3, http://links.
lww.com/MLR/B961). Second, we examined differences in
the measured patient characteristics among IV categories
divided by the median IV value. We found that the covariate
balance had improved, except for a history of diabetes
(Supplemental Digital Content 5, Table 4, http://links.lww.
com/MLR/B962). Third, we examined the absence of a direct
effect of IV on outcomes aside from the exposure variable
(assumption of exclusion restriction). Examining the effect of
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a specific treatment, instrument-related concomitant treatment
would violate the assumption of exclusion restriction.
Therefore, we focused on the effects of the total QoC, which
encompasses several aspects of CKD care.

Statistical Analyses
Patient characteristics and QSs were described using

numbers and proportions for categorical variables. Incidence
rates of ESRD and 95% confidence intervals (CIs) were de-
scribed as incident counts and incidence rates.

The association between the QS and incidence of
ESRD was examined for all patients and in the diabetes
subgroups. We analyzed the diabetes subgroups because
clinical practices and ESRD incidence differ among diabetes
and nondiabetes groups. We used a nonparametric survival
model using a Weibull distribution and estimated the hazard
ratio (HR)25,26 with and without adjustment for measured
confounders of age, sex, cause of CKD (chronic glomerular
nephritis, hypertension), facility volume, and year of CKD
diagnosis.

In the IV analysis, we applied a 2-stage residual in-
clusion approach.25 In the first stage, we used a linear re-
gression model with the patient-level QS as a dependent
variable and the facility-level QS and also measured con-
founders as independent variables. Using this first-stage
model, we estimated the residual for each patient. In the
second stage, we applied a nonparametric survival model
using a Weibull distribution with the incidence of ESRD as a
dependent variable and the QS, residual from the first-stage
model, and measured confounders as independent variables.
HRs and their 95% CIs were estimated using a bootstrap
approach with 200 replications.27

Subgroup and Sensitivity Analyses
To examine the robustness of the results from the IV

analysis, we performed subgroup and sensitivity analyses. To
examine the effects of age on the association between the QS
and ESRD, subgroup analysis was stratified by age group
(< 75 and ≥ 75 y) (Supplemental Digital Content 6, Table 5,
http://links.lww.com/MLR/B963). Next, to treat for differ-
ences between facilities in the IV analysis, we used a within-
facility variation of the QS as the instrument (Supplemental
Digital Content 7, Table 6, http://links.lww.com/MLR/B964).

All analyses were performed using Stata (StataCorp,
College Station, TX), version 14.0. All tests were 2-sided
with P-values< 0.05 considered statistically significant.

Additional Analysis
To verify whether the 3 indicators could be applied as a

measure of the overall multifaceted QoC for CKD, we added
analysis using the external data, including claims and labo-
ratory data. We obtained external data from a large health
insurer in Japan (the Health Insurance Association for Ar-
chitecture and Civil Engineering companies). In the external
data, we assessed 6 QIs (additional 3 indicators: CKD
screening, CKD diagnosis, and biguanide avoidance) and
examined associations between the 3 indicators score and the
6 indicators score (Supplemental Digital Content 8, Fig. 2,
http://links.lww.com/MLR/B965).

RESULTS

Patient Characteristics
We identified 1,350,068 patients aged 65 years and

above with CKD diagnosed between October 2010 and
September 2014. We excluded 2544 (0.2%) patients with
lupus nephritis and 456,751 (33.8%) patients who visited
small-volume facilities. We ultimately analyzed 890,773 pa-
tients (Supplemental Digital Content 2, Fig. 1, http://links.
lww.com/MLR/B959). Of these, 506,280 (56.8%) were aged
older than 75 years and 246,312 (27.7%) had been diagnosed
with diabetes mellitus (Table 1).

Quality of Chronic Kidney Disease Care
During the 6-month baseline period after CKD diag-

nosis, variations were noted in QSs and the proportion of
achievement for each QI. Overall, 59.9% of patients under-
went a urine test, 4.5% received nutritional guidance, and
91.2% avoided regular use of NSAIDs. Regarding achieve-
ment of indicators, 2.8% of patients received the recom-
mended care for all 3 QIs, 53.6% received care for 2 QIs,
40.2% received care for 1 QI, and 3.4% did not receive care
for any QI (Table 2). Diabetes patients tended to receive
higher QSs than nondiabetes patients (Table 2). Older age
was associated with a lower proportion of patients who
received urine testing and nutritional guidance (Fig. 1).

Incidence of End-Stage Renal Disease
The median follow-up duration was 2.1 years (inter-

quartile range: 1.3–3.3 y). During that period, 25,602 (2.9%)

TABLE 1. Patient Characteristics Overall and According to
Diabetes Status

n (%)

Variables
Total

(N= 890,773)
Non-DM

(N= 644,461)
DM

(N= 246,312)

Age (y)
65–69 183,934 (20.7) 111,918 (17.4) 72,016 (29.2)
70–74 200,559 (22.5) 132,032 (20.5) 68,527 (27.8)
75–79 206,795 (23.2) 149,958 (23.3) 56,837 (23.1)
80–84 163,858 (18.4) 131,214 (20.4) 32,644 (13.3)
85–89 92,718 (10.4) 79,840 (12.4) 12,878 (5.2)
≥ 90 42,909 (4.8) 39,499 (6.1) 3410 (1.4)

Female 437,304 (49.1) 326,202 (50.6) 111,102 (45.1)
Cause of CKD
CGN 172,246 (19.3) 155,014 (24.1) 17,232 (7.0)
DM 246,312 (27.7)
Hypertension 15,152 (1.7) 13,708 (2.1) 1444 (0.6)

No. patients within a facility/month
10–19 200,544 (22.5) 144,701 (22.5) 55,843 (22.7)
20–39 223,836 (25.1) 159,497 (24.8) 64,339 (26.1)
40–119 22,387 (25.1) 162,616 (25.2) 60,771 (24.7)
120–239 173,082 (19.4) 128,133 (19.9) 44,949 (18.3)
≥ 240 69,924 (7.9) 49,514 (7.7) 20,410 (8.3)

Year of CKD diagnosis
2010 197,308 (22.2) 140,268 (21.8) 57,040 (23.2)
2011 218,274 (24.5) 161,170 (25.0) 57,104 (23.2)
2012 210,635 (23.7) 150,374 (23.3) 60,261 (24.5)
2013 180,676 (20.3) 131,398 (20.4) 49,278 (20.0)
2014 83,880 (9.4) 61,251 (9.5) 22,629 (9.2)

CGN indicates chronic glomerular nephritis; CKD, chronic kidney disease; DM,
diabetes mellitus.

Medical Care � Volume 58, Number 7, July 2020 Quality of Care in Older CKD

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. www.lww-medicalcare.com | 627

http://links.lww.com/MLR/B963
http://links.lww.com/MLR/B964
http://links.lww.com/MLR/B965
http://links.lww.com/MLR/B959
http://links.lww.com/MLR/B959


older CKD patients progressed to ESRD, resulting in an in-
cidence rate of 12.5 (95% CI: 12.4–12.7) per 1000 person-
years. Diabetes patients had a higher incidence rate of ESRD
than nondiabetes patients (P< 0.01; Table 3).

Association Between Quality Score and
Incidence of End-Stage Renal Disease

In the multivariate nonparametric survival models with
IV, after adjusting for unmeasured confounders, a higher QS
was associated with a lower incidence of ESRD (Table 4). In
the analysis stratified by the presence of diabetes, a higher
QoC was associated with a lower incidence of ESRD in
diabetes patients only.

In the multivariate nonparametric survival models
without IV, which might have been affected by unmeasured
confounders, a higher QS was associated with a higher in-
cidence of ESRD.

Subgroup and Sensitivity Analyses
Subgroup analysis examining the effects of age on the

association of the QS with the incidence of ESRD revealed

consistent results between age groups (< 75 and ≥ 75 y)
(Supplemental Digital Content 6, Table 5, http://links.lww.
com/MLR/B963).

A sensitivity analysis using a within-facility variation
of the QS as the instrument showed a similar trend of asso-
ciations but wider CIs compared with the original analysis
(Supplemental Digital Content 7, Table 6, http://links.lww.
com/MLR/B964).

Additional Analysis
From the external data, the 3 indicators’ score was

strongly associated with the 6 indicators’ score (correlation
coefficient 0.82, P< 0.01) (Supplemental Digital Content 8,
Fig. 2, http://links.lww.com/MLR/B965).

DISCUSSION
Our assessment of data from older CKD patients ob-

tained from a national claims database in the aging Japanese
population revealed that the QoC for CKD, defined by 3
metrics (urine test, nutritional guidance, and NSAIDs avoid-
ance), varied among patients and was associated with the
ESRD outcomes. The proportion of patients receiving the
recommended CKD care was 59.9% for the urine test, 4.5%
for nutritional guidance, and 91.2% for NSAIDs avoidance.
Older age was associated with lower QoC for CKD. Fur-
thermore, nondiabetes patients tended to receive inferior QoC
than diabetes patients. An IV analysis adjusted for both
measured and unmeasured confounders showed that higher
QS was associated with a lower incidence of ESRD among
diabetes patients but not in nondiabetes patients. These results
suggested that the QoC for CKD among older Japanese adults

TABLE 2. Quality Score Overall and According to
Diabetes Status

n (%)

Variables Total Non-DM DM P

Quality score < 0.01
0 30,460 (3.4) 26,312 (4.1) 4148 (1.7)
1 358,314 (40.2) 285,721 (44.3) 72,593 (29.5)
2 477,347 (53.6) 320,646 (49.8) 156,701 (63.6)
3 24,652 (2.8) 11,782 (1.8) 12,870 (5.2)

Indicators
Urine test 533,821 (59.9) 358,020 (55.6) 175,801 (71.4) < 0.01
Nutritional

guidance
40,359 (4.5) 21,239 (3.3) 19,120 (7.8) < 0.01

NSAID
avoidance

812,784 (91.2) 583,100 (90.5) 229,684 (93.3) < 0.01

DM indicates diabetes mellitus; NSAID, nonsteroidal anti-inflammatory drug.

FIGURE 1. Quality indicators stratified according to age cate-
gories. The proportions of patients who achieved each in-
dicator according to different age categories are indicated.
NSAIDs indicates nonsteroidal anti-inflammatory drugs.

TABLE 4. Association of Quality Score and Incidence of End-
Stage Renal Disease Overall and According to Diabetes Status

Total Non-DM DM

Models HR* 95% CI HR* 95% CI HR* 95% CI

Unadjusted 1.19 1.17–1.21 1.35 1.32–1.39 0.89 0.86–0.92
Adjusted† 1.17 1.15–1.20 1.34 1.30–1.37 0.93 0.89–0.96
IV‡ 0.54 0.51–0.56 0.99 0.92–1.05 0.25 0.24–0.27

*Hazard ratios for each 1-point increase in quality score according to a non-
parametric survival model using Weibull distribution.

†Adjusted for age, sex, chronic glomerular nephritis, hypertension, and facility
volume (number of patients within a facility per month).

‡IV analysis via a 2-stage residual inclusion approach using facility-level quality
scores as instruments.

CI indicates confidence interval; HR, hazard ratio; IV, instrumental variable.

TABLE 3. Incidence Rates of ESRD Overall and According to
Diabetes Status
Variables Total Non-DM DM P

No. ESRD patients (%) 25,602
(2.9)

17,412
(2.7)

8190
(3.3)

< 0.01

Incidence rates of ESRD
per 1000 person-years
(95% CI)

12.5
(12.4–12.7)

12.2
(12.0–12.4)

13.3
(13.0–13.6)

DM indicates diabetes mellitus; ESRD, end-stage renal disease.
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could be improved further, and such an improvement in QoC
might help reduce ESRD rates at least among older patients
with diabetes.

With the growing availability of large amounts of
health data, it is not surprising that these ‘big data’ are being
used to guide improvements in the quality of health care. Our
study applied QIs to a huge nationwide claims database to
measure the QoC among older CKD patients. To the best of
our knowledge, this is the first study to comprehensively
examine the real-world QoC for older CKD patients and their
association with renal outcomes in Japan. The proportion of
older CKD patients is increasing in today’s aging society.9

Older patients often have multiple morbidities and decreased
biological function than younger patients; thus, we often
observe marked differences in practice approaches between
these age groups.28 Evidence from Japan, which is currently
the most rapidly aging country, will help other aging coun-
tries address the needs of this growing population. We used 3
QIs for recommended CKD care: a urine test, nutritional
guidance, and NSAIDs avoidance. CKD care encompass
multiple factors, including “assessing the severity of CKD by
a test,” “lifestyle guidance,” and “removing risk factors.” We
selected 3 indicators from the original 11 indicators16 mainly
owing to applicability in older population and data avail-
ability in this study. We feel that a composite score based on
those 3 QIs is a good composite surrogate for clinical as-
sessment of the multifaceted QoC for CKD. To show the
validity of these 3 indicators as a measure of the overall QoC
for CKD, we have added an analysis of external data (Sup-
plemental Digital Content 8, Fig. 2, http://links.lww.com/
MLR/B965). We assessed 6 indicators (additional 3 in-
dicators: CKD screening, CKD diagnosis, and biguanide
avoidance) and found that the 3 indicators’ score strongly
associated with that of the 6 indicators (correlation coefficient
0.82), suggesting that the 3 indicators’ score could be used as
a measure of overall quality of CKD care. Further, according
to our preestablished research aims, we focused on the as-
sessment of overall QoC for CKD rather than on a specific
form of CKD care. Because each CKD approach is not in-
dependent, we assessed associations between the summed
scores and outcomes. The higher multifaceted QoC for CKD
might play a role in appropriate medical monitoring to pro-
vide timely intervention for renal protection. This study also
reports on the variability of QoC for CKD across patients.
The results of lower QoC in older patients may suggest lost
opportunities for receiving appropriate care owing to an older
age. In future studies, we need to identify high-risk patients
who should be prioritized for improving QoC for CKD in the
older population.

Because CKD practice and ESRD incidence differed
among diabetes and nondiabetes subgroups, we assessed the
association between the composite score and ESRD outcomes
by the subgroups (diabetes and nondiabetes). We assessed the
recommended care for renal protection but not diabetes-
specific care. Obviously, it would be difficult to divide care
for patients with both CKD and diabetes. Several reasons may
explain why a higher QS was associated with a lower in-
cidence of ESRD in diabetes patients but not in nondiabetes
patients. First, diabetes patients may more likely to benefit

significantly from medical care than nondiabetes patients. Our
QS included a urine test, nutritional guidance, and NSAIDs
avoidance. Although we were unable to obtain the results of
urine tests, diabetes patients would be more likely than those
without diabetes to have clinically meaningful proteinuria.
Thus, undergoing a urine test may be associated with more
intensive medical treatment in diabetes patients than in those
without diabetes. Such “intensive medical treatment” after a
urine test may include visiting a physician more often, con-
trolling one’s blood pressure more carefully, and more strictly
avoiding other risk factors for ESRD progression. Nutritional
guidance may also be stricter for diabetes patients than for
nondiabetes patients. While clinical guidelines support nu-
tritional guidance for diabetes patients, no such evidence-
supported guidance is available for nondiabetes patients.29,30

Second, we only examined the QS during the 6-month
baseline period after CKD diagnosis. Because nondiabetes
patients had a lower incidence of ESRD than diabetes pa-
tients, we may need to consider the QoC over a longer period.

In the setting of an observational study (especially one
utilizing a health care claims database), the effects of un-
measured confounders should be considered. The claims da-
tabase in this study do not contain laboratory data. Therefore,
we were unable to measure strong indicators of the severity of
CKD defined by eGFR and proteinuria laboratory data at a
minimum. Patients with greater CKD severity are likely to
receive more intensive medical care than others, leading to
high QS, but are nevertheless at greater risk of CKD pro-
gression (confounding by indication). This powerful
confounding factor might reverse the associations between
the quality of CKD care and renal outcomes. To overcome
this confounding effect, we conducted IV analyses adjusting
for both measured and unmeasured confounders. The findings
of the Durbin-Wu-Hausman endogeneity test were sig-
nificant, indicating that the usual regression models presented
residual confounding due to unmeasured factors. These re-
sults support the rationale behind our performing the IV
analyses. Of note, we obtained different results for the mul-
tivariate models and IV analysis, suggesting that we should
beware of unmeasured confounders when analyzing similar
databases.

When interpreting the results from the IV analysis, we
should consider the population to which the results apply.
Although the usual regression model estimates the average
effect among eligible patients, IV analysis estimates the local
average treatment effect31 among compliers whose exposure
variable is influenced by the instrument. In this study, com-
pliers were borderline patients whose facility-level QS influ-
enced the patient-level QS. The difference in the associations
between usual regression and IV model may derive from
population differences to which the results apply.

Several limitations to the present study warrant men-
tion. First, we selected CKD patients defined by the CKD-
related diagnosis code from claims data. Because we ana-
lyzed a claims database, we were unable to include patients
with undiagnosed CKD in our evaluation. Second, the
validity of some assumptions for the IV analysis could not
be determined completely from the data. However, we tried
to examine those assumptions by partial tests and discussed
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theories to support those assumptions. Because “no un-
measured confounders” of the necessary assumption for the
usual regression model was unacceptable in our case, we
opted to perform an IV analysis. The presence of
confounding between IVs and outcomes cannot be de-
termined directly from the data. However, we conducted our
analyses stratified by the presence of diabetes and adjusted
for the measured patient and facility characteristics. We also
found that the covariate balance improved in the IV analysis
compared with regression analysis. We also found a similar
direction of association even if we used within-facility
variation as the instrument, to treat for the differences be-
tween facilities (Supplemental Digital Content 7, Table 6,
http://links.lww.com/MLR/B964). These results support the
validity of our IV analysis.32 Third, we only analyzed a
Japanese claims database; thus, our results may not be
generalizable to other countries. However, we detected
similar associations between the QS and ESRD among
diabetes patients in Taiwan.19 Fourth, death during the fol-
low-up period was treated as a target for censorship in this
study; death can be a competing risk for ESRD. Although
the mortality rate was expected to increase with age, we
found consistent results among age groups (Supplemental
Digital Content 6, Table 5, http://links.lww.com/MLR/
B963). Therefore, the effect of competing risk due to
death may have been limited. Fifth, it is difficult to dem-
onstrate that there is no association between the IV (facility-
level QS) and unmeasured confounders. Japanese patients
do not decide which facility to go to based on the QoC of the
facility because there is no publicly available information
about the quality of the facility. However, medical pro-
fessionals may be aware of the reputation of medical fa-
cilities and may influence a patient’s choice on referral. This
may lead to differences in patient characteristics between
facilities, and it may violate the exclusion restriction as-
sumption. To address this issue, we conducted a sensitivity
analysis using the within-facility variation of the QS as an
IV and found similar associations to the original analysis
(Supplemental Digital Content 7, Table 6, http://links.lww.
com/MLR/B964). Finally, the Japanese national claims da-
tabase has facility IDs, but do not physician IDs. We could
assess variations in QoC between facilities but not among
physicians. For example, patients who see nephrologist may
receive higher QoC. However, we adjusted for those un-
measured differences between physicians using IV analysis.

In conclusion, we detected variations in the QoC among
older CKD patients in Japan, and report that higher QS for
CKD care is associated with a lower incidence rate of ESRD in
patients with diabetes but not in patients without diabetes. Our
results point to a significant need for further improvement in
the quality of CKD care for older patients in this population.
Applying QIs to a claims database may assist physicians and
policy makers to improve QoC and patient outcomes. Further
studies are required to assess the impact of applying those
quality measures in the health system.
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