Clinical and Experimental Nephrology (2019) 23:613-620
https://doi.org/10.1007/510157-018-01684-4

ORIGINAL ARTICLE q

Check for
updates

Optimal follow-up intervals for different stages of chronic kidney
disease: a prospective observational study

Keita Hirano'2® . Daiki Kobayashi® - Naoto Kohtani® - Yukari Uemura® - Yasuo Ohashi® - Yasuhiro Komatsu>”’ -
Motoko Yanagita’' - Akira Hishida®

Received: 5 July 2018 / Accepted: 10 December 2018 / Published online: 28 January 2019
© The Author(s) 2019

Abstract

Background Chronic kidney disease (CKD) is a public health challenge; however, evidence-based, optimal follow-up inter-
vals for patients with CKD have not been identified. This study aimed to identify appropriate follow-up intervals for different
stages of CKD.

Methods We studied 2682 patients with CKD. The number of patients experiencing a 50% increase in creatinine and those
reaching end-stage renal failure were examined on the basis of their CKD stage. The renal function testing interval was
defined as the estimated time for 0.1% of the patients with CKD to have a composite renal outcome, after adjusting for clini-
cal risk factors. Transitions from CKD stage-based subgroups were analyzed using parametric cumulative incidence models.
Other sensitivity analyses involved estimation of the time to renal event occurrence for 1% of patients.

Results Of the 913 patients (34%) who had a composite renal event, 29 had stage 3A (10.5%), 151 had stage 3B (16.3%),
429 had stage 4 (41.0%), and 304 had stage 5 CKD (70.9%). The estimated renal function testing intervals for patients with
CKD were 6.0 months for stage 3A, 3.4 months for stage 3B, 2.0 months for stage 4, and 1.2 months for stage 5.
Conclusions The optimal follow-up intervals were longer for patients with lower CKD stages. These estimates are longer
than those recommended by the current guidelines and serve as a reference for nephrologists in selecting an appropriate
follow-up interval for each patient.

Trial registration UMIN clinical trial registry number: UMIN000020038.

Keywords Testing interval - Chronic kidney disease - CKD-JAC - Cohort study

Introduction

In 2002, the National Kidney Foundation of the United
States proposed the concept of chronic kidney disease
(CKD) with the objectives of comprehensively covering a
wide range of kidney diseases, including various underlying
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diseases, and developing measures for continuous manage-
ment of this chronic condition [1]. Recently, CKD has been
recognized as a major global public health problem with
increasing incidence and prevalence worldwide [2-6].

Nephrologists are responsible for performing periodic
follow-up examinations to assess the therapeutic efficacy
and revise patients’ therapeutic regimens according to dis-
ease progression [7]. The follow-up should be frequent to
identify CKD progression, but excessive follow-up increases
patients’ burden and medical costs. Following up with dif-
ferent patients at different intervals is considered effective
because the rate of renal function decline varies widely from
person to person. The international guidelines by Kidney
Disease: Improving Global Outcomes (KDIGO) provide
guidance on the frequency of renal function assessment
according to disease staging based on the glomerular filtra-
tion rate (GFR), and the severity of CKD based on the pres-
ence of albuminuria [8]. Additionally, the Evidence-based
Practice Guideline for the treatment of CKD of the Japanese
Society of Nephrology, adapted from international guide-
lines, provides guidance for the frequency of follow-up by
a nephrologist [7].

However, the intervals suggested in these guidelines
were based only on a consensus among experts that renal
function decreases more rapidly as CKD severity increases.
These recommendations have not been confirmed by clini-
cal or epidemiological studies [8]. On the basis of previous
researches [10—12], we aimed to identify appropriate follow-
up intervals for different stages of CKD by defining these
optimal intervals according to the time to occurrence of a
composite renal event in 0.1% of the patients in respective
CKD subgroups.

Materials and methods
Data sets

Data from the Chronic Kidney Disease Japan Cohort (CKD-
JAC) were analyzed in this study. This was a prospective,
multicenter study conducted in Japan from September 2007
to March 2013, with enrollment taking place from Septem-
ber 2007 to December 2008. We initially recruited 3087
patients. Japanese patients with CKD stage 3 or greater at
17 medical institutions with a nephrologist on staff were fol-
lowed up for up to 4 years. Baseline data for these patients
have already been published in previous reports [14—17].
To be eligible for the study, patients had to be either
ethnic Japanese or Asian patients, aged between 20 and
75 years, residing in Japan, with an estimated glomerular fil-
tration rate (eGFR) of 10-59 mL/min/1.73 m? (or 1049 mL/
min/1.73 m? for patients aged > 65 years). Patients with pol-
ycystic kidney disease, HIV infection, hepatic cirrhosis, or
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a malignancy, transplant recipients, patients previously on
chronic dialysis, and patients refusing to provide informed
consent were all excluded from the study. Complete patient
disposition is shown in Fig. 1.

The following formula of the Japanese Society of Neph-
rology for estimating serum creatinine was used to estimate
the eGFR:

eGFR = 194 x Cr "% x Age™2%(x0.739 if female).

The study protocol was approved by the ethics commit-
tee of each participating medical institution and was con-
ducted in compliance with the principles of the Declara-
tion of Helsinki. Informed consent was obtained from all
participating patients (UMIN clinical trial registry number:
UMINO000020038).

Measurements

Patient data used in the study consisted of both central meas-
urements and local measurements requested by investigators,
but this information focused on locally determined serum
creatinine values. The study data included the monthly
measured serum creatinine levels obtained from the initial
test date until censored. ‘Censored’ was defined as the start
of end-stage renal failure treatment, which involved the
start of hemodialysis, artificial dialysis, or renal transplant,
refusal to continue study participation, transfer to another
medical institution, or discontinuation or completion of
observations for another reason.

Other baseline data included age at the start of examina-
tion, sex, CKD stage, presence of albuminuria, and underly-
ing disease. Centrally determined albuminuria values were
used. The CKD stages, based on calculated eGFR values
(mL/min/1.73 m?), were stage 3A (45 to <60), stage 3B (30
to <45), stage 4 (15 to <30), and stage 5 (< 15). The num-
bers of patients experiencing a 50% increase in the baseline
creatinine level and those reaching end-stage renal failure
were examined according to the CKD stage.

Endpoints

Data from a previously studied large cohort indicated that a
40% reduction in the eGFR is consistent with a 50% increase
in the baseline creatinine level [9, 18, 19]. Our study used
renal event occurrence as a composite renal endpoint,
defined as either 50% increase in the baseline creatinine
level, or the start of treatment for end-stage renal failure
(i.e., the start of dialysis or renal transplant), whichever
occurred first. A 50% increase in the baseline creatinine level
was determined after a 50% increase was observed in three
consecutive serum creatinine tests, and the time of the first
observed increase was used to determine the time to a 50%
increase in the baseline creatinine level.
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Fig. 1 Patient disposition. Of the 3087 patients who enrolled in the
CKD-JAC study, 121 were excluded, and a cohort of 2966 patients
was analyzed. Composite renal outcomes consisted of either the start
of treatment for end-stage renal failure (i.e., beginning dialysis or

Statistical analysis

Survival analyses were conducted to estimate the parametric
cumulative incidence curve for the time to renal composite
outcome, which was estimated from log-normal-regression
models for the cumulative incidence function based on inter-
val-censored data [21-24]. The log-normal model that best
fit the data and had the smallest calculated Akaike infor-
mation criterion value from among the log-normal model
distribution, log-logistic model distribution, Weibull distri-
bution, and exponential distribution was used to generate the
cumulative incidence curve [25, 26]. With the study patients
classified according to the CKD stage (3A, 3B, 4, and 5), the
time to renal event occurrence for 0.1% of the patients was
calculated from parametric cumulative incidence curves fit
by CKD stage, and bootstrapping was used to calculate the
95% confidence intervals. To calculate the 95% confidence
intervals, the lower bound 0.1% point was calculated 3000
times for bootstrap samples, obtained by sampling with the
replacement of a number of patients equal to the number
of patients in each subgroup, with the confidence intervals
determined on the basis of the one-sided 2.5% points of the
distributions. The lower bound 0.1% point was also esti-
mated for the risk factors of age (<65 or > 65 years), sex,
macroalbuminuria, and diabetes mellitus. Finally, 0.1% point
and 95% confidence intervals were calculated for different

undergoing renal transplant) or a 50% increase in the baseline creati-
nine level, with time to the occurrence of the earlier of these events
defined as the time to renal event occurrence. CKD-JAC, Chronic
Kidney Disease Japan Cohort

combinations of these risk factors in the patients with CKD
stage 5. For sensitivity analyses, 0.1% point was also esti-
mated for different stages of CKD using a model adjusted
for age and sex (Model 1) and a model adjusted for age, sex,
albuminuria, and diabetes mellitus status (Model 2). Other
sensitivity analyses estimated the time to renal event occur-
rence for the 1% threshold (Tables S1, S2).

SAS Release 9.4 (SAS Institute Inc., Cary, NC, USA) was
used to conduct all statistical analyses.

Results
Baseline characteristics of the analyzed population

Baseline characteristics are shown in Table 1. The mean
age of the 2682 patients was 60.5 years. Men outnumbered
women (1657 men, 61.8%). The mean creatinine level of the
overall population was 2.2 mg/dL, and 1014 patients (37.8%)
had diabetes mellitus. During the observation period, 913
patients (34%) had a composite renal event, with an event
observed in 29 patients with stage 3A CKD (10.5%), 151
with stage 3B CKD (16.3%), 429 with stage 4 CKD (41.0%),
and 304 with stage 5 CKD (70.9%). Of the 913 patients with
a compound renal event, 786 experienced a 50% increase in
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Table 1 Patient characteristics

Patient characteristics Total CKD? stage
3A 3B 4 5
n=2682 n=277 n=929 n=1047 n=429

Age 2 65 years 60.5 (11.5) 55.0(13.2) 60.1 (11.8) 61.5 (10.6) 62.2 (10.6)
Male 1657 (61.8%) 171 (61.7%) 599 (64.5%) 638 (60.9%) 249 (58.0%)
Serum creatinine 22 (1.1 1.1 (0.17) 1.4 (0.25) 2.3 (0.53) 4.0 (0.89)
Proteinuria 1604 (59.8%) 102 (36.8%) 455 (49.0%) 696 (66.5%) 351 (81.8%)
Diabetes mellitus 1014 (37.8%) 90 (32.5%) 342 (36.8%) 402 (38.4%) 180 (42.0%)
Hypertension 2207 (82.3%) 209 (75.5%) 735(79.1%) 886 (84.6%) 377 (87.9%)
Composite renal event 913 (34.0%) 29 (10.5%) 151 (16.3%) 429 (41.0%) 304 (70.9%)

50% increase in creatinine 786 (29.3%) 28 (10.1%) 147 (15.8%) 408 (39.0%) 203 (47.3%)

ESRD" 127 (4.7%) 1(0.4%) 4(0.4%) 21 (2.0%) 101 (23.5%)

Data are presented as n (%) and mean (SD). Proteinuria and albuminuria were characterized by a relatively
high rate of urinary excretion of albumin, typically greater than 300 mg per 24-h period. Diabetes mellitus
was defined either by physician diagnosis or on the basis of the use of antidiabetic medication. Hyperten-
sion was defined either by physician diagnosis or on the basis of the use of antihypertensive medication

“Chronic kidney disease

PEnd-stage renal disease

cumulative risk

0.0104
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0.008
0.007 ]
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0.002 1
0.001 1
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0 1 2 3 4 5 6

follow-up period (month)

stage — 3A — 3B —4 — 5

Fig.2 Unadjusted cumulative incidence of composite renal outcomes
according to baseline CKD stage using parametric model. The pro-
portion of patients with CKD who experienced a composite renal
outcome is shown as a function of time. The cumulative incidence
curves were estimated by means of parametric cumulative incidence
models for interval-censored data. The dashed horizontal line marks
the 0.1% threshold for the occurrence of the composite renal event.
CKD, Chronic kidney disease

baseline creatinine levels, and 127 began treatment for end-
stage renal failure.

Estimation of follow-up intervals for evaluating
renal function

Cumulative incidence curves are shown by CKD stage, as
determined by the eGFRs, in Fig. 2. The time to compos-
ite renal event occurrence in 0.1% of patients with CKD
increased with decreasing baseline CKD stages. The esti-
mates were 6.0 months for CKD stage 3A, 3.4 months for
stage 3B, 2.0 months for stage 4, and 1.2 months for stage
5 (Table 2).

Model 1 (adjusted for age and sex) produced estimates
almost identical to those of the unadjusted model. The esti-
mates produced with Model 2 (additionally adjusted for
macroalbuminuria, diabetes mellitus, and hypertension)
were 1-2 months longer. These estimates were quite sim-
ilar to the corresponding estimates at the 0.1% threshold
(Table S3).

The trends for the estimates for patients with CKD
stage 5 alone were shorter for patients older than 65 years,

Table 2 Interval between baseline testing and composite renal outcome development in 0.1% of the patients with chronic kidney disease

Intervals CKD? stage
3A 4 5
No. of months (95% CI) 6.0 (3.8-9.9) 3.4 (2.4-4.8) 2.0 (1.6-2.5) 1.2 (1.0-1.6)

Confidence interval was determined using a percentile bootstrap method based on 10,000 resamples

#Chronic kidney disease
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patients who were male, and for patients who had mac-
roalbuminuria, history of diabetes mellitus, or history of
hypertension (Table 3). The estimated follow-up interval
was the shortest for patients with macroalbuminuria at
1.2 months, followed by patients with microalbuminu-
ria at 2.8 months, and patients without albuminuria at
8.6 months.

On the basis of the level of albuminuria and renal func-
tion CKD stage, a two-dimensional heat map was created.
Cumulative incidence curves are shown in Fig. 3a, b.
The level of albuminuria was classified as either severe
(> 300 mg/g Cr) or not severe. Compared with the interval
when the degree of proteinuria was not of concern, the dif-
ference was clear for up to 4.5 months when albuminuria
was severe in stage 3A CKD and for 9.8 months when
albuminuria was not severe (Table 4).

Redefining the optimal follow-up interval as the time of
composite renal endpoint occurrence in 1% of the patients
with CKD increased the time estimates by a factor of
2-2.5, relative to the estimates calculated for occurrence
in 0.1% of the population (Tables S2, S3).

Table 3 Interval between baseline testing and composite renal out-
come development in 0.1% of the patients with chronic kidney dis-
ease stage 5

cumulative risk

(a) /

0.009 [/ L
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0.007 /

0.006 // 2
0.005
0.004
0.003
0.002
0.001

0.000 |
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0.003
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Fig.3 Unadjusted cumulative incidence of composite renal out-
comes according to baseline CKD stage and proteinuria grades. The
proportion of patients with CKD who experienced a composite renal
outcome is shown as a function of time. The cumulative incidence
curves were estimated by means of parametric cumulative incidence
models for interval-censored data. The dashed horizontal line marks
the 0.1% threshold for the occurrence of the composite renal event.
CKD Chronic kidney disease

Table 4 Heat map of the frequency of monitoring by glomerular fil-
tration rate and level of albuminuria

Variables Interval between baseline testing
and development of composite renal
outcome
No. of months (95% CI)

Age

265 years 1.2 (0.9-1.6)
<65 years 1.3 (0.9-1.9)

Sex

Male 1.2 (0.9-1.6)

Female 1.7 (1.1-2.6)
Diabetes mellitus

Yes 1.2 (0.8-1.6)

No 1.3 (0.9-1.9)
Hypertension

Yes 1.2 (0.9-1.5)

No 2.4 (1.34.)5)
Albuminuria

Macro 1.2 (1.0-1.6)

Micro 2.8 (1.3-6.5)

No 8.6 (4.9-18.4)

Macroalbuminuria is characterized by a relatively high rate of uri-
nary excretion of albumin, typically 300 mg or more per 24-h period.
Microalbuminuria is characterized by a relatively low rate of urinary
excretion of albumin, typically between 30 and 300 mg per 24-h
period. No albuminuria is characterized by a relatively high rate
of urinary excretion of albumin, typically less than 30 mg per 24-h
period

CKD* stage Albuminuria
Not severe Severe
No. of months (95% CI)
3A 9.8 (5.4-19.9) 4.5 (2.4-8.9)
3B 3.6 (1.5-8.8) 34(2.3-49)
2.3 (0.8-6.9) 2.3(1.9-2.7)
5 3.1 (1.5-6.7) 1.2 (1.0-1.6)

#Chronic kidney disease
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Estimation of follow-up intervals for evaluating
renal and cardiovascular disease events

We analyzed the number and percentage of subjects who
developed cardiovascular disease (CVD) events by stage
and urine albumin level, which revealed that CVD events
increased as the CKD stage and proteinuria increased.
The CVD event almost always preceded a renal compos-
ite outcome. However, in patients with high CKD stages
and proteinuria, a renal composite outcome preceded CVD
(Table S4). We redefined a renal composite event along
with a CVD event as an outcome. The estimated renal func-
tion testing intervals were 0.96 [95% confidential intervals
(CD (0.19, 4.6)] months for CKD 3A, 2.0 [95% CI (1.3,
3.1)] months for stage 3B, 1.5 [95% CI (1.1, 2.0)] months
for stage 4, and 0.90 [95% CI (0.65, 1.2)] months for stage
5 (Table S5).

Discussion

Our findings suggest that renal function at the initial exami-
nation is the most relevant factor for determining the interval
for additional renal function assessments. During the obser-
vation period, a composite renal event occurred in approxi-
mately 10% of the patients with an initial CKD stage 3A,
20% of those with stage 3B, 40% of those with stage 4A,
and 70% of those with stage 5. Thus, the event occurrence
increased with increasing CKD stage. The optimal intervals
for follow-up examinations of renal function that we calcu-
lated were 6.0 months for CKD stage 3A, 3.4 months for
stage 3B, 2.0 months for stage 4, and 1.2 months for stage
5. Thus, the time interval decreased as the stage increased,
indicating the need for more frequent follow-up for patients
with a higher CKD stage. Interestingly, the findings also
indicated that intervals longer than those recommended in
the current guidelines are sufficient for lower CKD stages.

The Evidence-based Practice Guideline for the Treatment
of CKD of the Japanese Society of Nephrology also recom-
mends follow-up intervals for renal function assessments
[7]. Based on the expert opinion, factors from the findings
of cohort research in the general Japanese population were
adapted for the recommendations in the 2012 KDIGO guide-
lines to suit the Japanese patients [8]. According to pro-
teinuria severity, the guidelines recommend that intervals
of 3—-6 months for CKD stage 3A, 3 months for stage 3B,
1-3 months for stage 4, and 1 month for stage 5 should be
implemented. These intervals are very close to the intervals
that we calculated for each subgroup in our study.

Men are thought to experience a more rapid decrease
in the renal function than women [27, 28]. In our study,
the follow-up interval for CKD stage 5 was 1.2 months for
men, compared to 1.7 months’ follow-up interval for women.
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Furthermore, the follow-up intervals for patients with CKD
stage 5 were 1.2 months if macroalbuminuria was present,
2.8 months if microalbuminuria was present, and 8.6 months
if albuminuria was absent. It is significant that these dif-
ferences according to the albuminuria status are more pro-
nounced compared to those recommended in the current
guidelines. In addition, the results of the heat map created
in our study showed that in stage 3A CKD, when proteinuria
is not severe, long screening intervals are acceptable.

As patients with CKD have various underlying diseases,
practicing nephrologists select follow-up intervals using
their expertise and patients’ age, sex, renal function, concur-
rent diseases, and other relevant factors. Although selecting
follow-up intervals according to clinician expertise and CKD
guideline recommendations is essential for preventing CKD
progression, routine care should ideally be determined by
the time to composite renal event occurrence.

Recent healthcare marketing efforts, advocacy, and trust
in public health authorities have resulted in recommenda-
tions for excessive laboratory testing; however, an excessive
testing can adversely affect the prognosis of other chronic
diseases [30-32]. Nephrologists must understand the impor-
tance of developing rational screening programs based on
the best available evidence. Our estimated intervals are uni-
versally longer than those recommended by the Japanese
CKD guidelines, indicating that longer follow-up intervals
are satisfactory, particularly for patients with lower CKD
stages (i.e., stages 3A/3B) and those with stage 5 CKD with
microalbuminuria or no proteinuria. Our study determined
that longer follow-up intervals than those recommended in
the current guidelines are often acceptable.

A previous report has documented that cardiovascular
events occur more frequently than renal events, especially
in the early stages of CKD [33]. Our study revealed that
overall shortening of intervals especially that of the CKD
stage 3A had occurred. This unexpected result was caused
by the fact that some patients developed a CVD event early
after observation.

The present study has a few limitations. The first limita-
tion is the generalizability of results. The follow-up intervals
in this study were based only on the incidence of a compos-
ite renal event adjusted for CKD risk factors. We did not
factor in the potential benefits and risks or cost-effective-
ness of periodic renal function testing, although the cost-
effectiveness of CKD screening is an important method for
increasing awareness [34, 35]. Although specific treatments
administered are expected to influence the rate of renal func-
tion decline, we did not collect sufficient information on
treatments to factor this into the analyses. It would have been
possible to consider individual treatments administered to
patients and effects of treatment differences. Many of the
CKD-JAC patients receive advanced treatment (e.g., antihy-
pertensives) by a nephrologist. Therefore, caution is needed
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when generalizing the study findings to all Japanese patients
with CKD.

The second limitation is the overly small sample sizes
in the subgroups; because of these small sample sizes, we
did not classify patients according to CKD heat maps by
combination of three proteinuria groups, four GFR grades
and underlying diseases. Given the diverse range of diseases
underlying CKD, an appropriate classification of these dis-
eases must be considered; a larger sample size is needed
for detailed analyses based on the underlying disease type.

The third limitation is the optimal interval which should
be calculated using tools directly related to those evaluations
[10]. Thus, CVD events should ideally be evaluated using
echocardiography or electrocardiography.

The final limitation is the use of a lower bound 0.1% point
as the threshold for selecting optimal intervals. Obviously,
our intervals would have been longer had we used a thresh-
old of 1% (Tables S1, S2). However, the sensitivity analysis
of a previous study [10] led us to select intervals that were
consistent with those used in clinical practice and are gener-
ally acceptable. Our 1.2-month interval for high-risk patients
with CKD stage 5 is indeed close to that used in clinical
practice. The threshold used for estimating evaluation inter-
vals of osteoporosis in older women had a 10% lower bound
[10], but we decided that a 0.1% threshold would better suit
our patients because the composite renal event that we used
was more conservative, and the signs of progression should
be identified as early as possible. The interval we recom-
mend is appropriate to prevent the worsening of CKD; in
clinical practice, studies to address the optimal frequency of
delivering adequate care and patient education are needed.
Frequent visits may increase medical and resource expendi-
ture, but they may promote intensive patient education and
reassurance.

A major strength of this study was the use of a large data
pool from approximately 3000 patients in a multicenter
cohort, which is one of the largest cohorts of patients with
CKD in Japan.

Conclusions

The optimal follow-up intervals are longer for patients with
lower CKD stages. These estimates are longer than those
recommended by the relevant guidelines, and they serve as
a reference for nephrologists to select appropriate follow-up
intervals for their patients.
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