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Evaluating the associations 
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Understanding the association between compliance to the Chronic Kidney Disease (CKD) guidelines in 
real-world clinical settings and renal outcomes remains a critical gap in knowledge. A comprehensive 
analysis was conducted using data from a national, multicenter CKD registry. This study included 
4,455 patients with an estimated glomerular filtration rate (eGFR) measurement on the index date 
and eight additional metrics recorded within six months. These metrics comprised serum electrolyte 
levels, low-density lipoprotein cholesterol, hemoglobin, and the use of renin-angiotensin system 
inhibitors. The primary outcome was a composite of renal events, defined by a decline in eGFR 
to < 15 mL/min/1.73  m2 or a reduction of ≥ 30% in eGFR, confirmed by follow-up tests. Over a median 
follow-up of 513 days, 838 renal events were observed. High serum potassium levels (> 5.4 mmol/L) 
were associated with increased event rates compared to lower levels. Similarly, low serum sodium-
chloride levels (< 33) correlated with higher event rates. Usage of renin-angiotensin system inhibitors, 
low serum calcium (< 8.4 mg/dL), and high uric acid levels (> 7.0 mg/dL) were also linked to increased 
events. Conversely, higher hemoglobin levels (≥ 13 g/dL) were associated with lower event rates. 
Compliance to guidelines, categorized into quartiles based on the number of met metrics, revealed 
a significantly reduced risk of events in the highest compliance group (meeting 8 metrics) compared 
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to the lowest (0–5 metrics). Compliance to CKD guidelines in clinical practice is significantly 
associated with improved renal outcomes, emphasizing the need for guideline-concordant care in the 
management of CKD.

Keywords CKD, Real-world clinical scenarios, Compliance to guidelines, Clinical questions, End-stage 
kidney disease
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An emerging problem in both clinical and ambulatory medicine is chronic kidney disease (CKD)1. Approximately 
13% of the Japanese adult population is estimated to have  CKD2. CKD is known as not only a worldwide public 
health problem, but also a global socioeconomic concern. CKD encompasses many adverse outcomes including 
kidney failure, cardiovascular disease, and premature  death3. Aging and lifestyle habits have an impact on kidney 
function. Japan is experiencing an increase in its elderly demographic, and it is projected that the incidence of 
CKD will rise correspondingly within this aging populace in the imminent  future4,5. The number of end-stage 
kidney disease (ESKD) patients has also continued to increase in  Japan6,7.

Clinical practice guidelines aid many purposes. Guidelines help clinicians and other caregivers deal with the 
exponential growth in medical literature, help to expose gaps in knowledge, and suggest areas where additional 
research is  needed8. Professional societies throughout the world decided that there is a need for developing clini-
cal practice guidelines for patients with CKD because there are variations in the treatment approaches across 
different regions, leading to inconsistent patient outcomes. The Evidence-based Clinical Practice Guidelines 
for CKD 2018 and its associated  guidelines9–11 provides evidence-driven recommendations addressing clinical 
questions (CQ) related to CKD treatment in Japan. Yet, the actual compliance to that guideline in clinical settings 
within Japan remains unevaluated. Moreover, the association between this compliance rate and renal outcomes 
in CKD patients is undetermined. Identifying the association between compliance rates and renal outcomes in 
CKD patients is essential for advancing medical knowledge, improving patient care, informing healthcare poli-
cies, and ultimately enhancing the quality of life for individuals with CKD.

To bridge this research gap, our objective is to assess the degree of implementation of the guideline recom-
mendations in real-world clinical scenarios and their subsequent associations with renal outcomes.

Results
A cohort of 11,333 individuals was identified as potential study participants. These individuals had undergone 
measurements for eight distinct component metrics pertaining to clinical questions, in addition to estimated 
glomerular filtration rate (eGFR) assessments. Of the 11,333 individuals, 146 individuals with a baseline eGFR 
below 15 mL/min/1.73m2 were excluded. An additional 6,732 were removed due to lacking eGFR measurements 
after the index date, resulting in a final sample size of 4,455 individuals for the analysis. Participants included 
in this study were younger, had lower eGFR, were receiving renin-angiotensin system (RAS) inhibitors, and 
demonstrated reduced levels of calcium, phosphorus, and low-density lipoprotein (LDL) cholesterol at the index 
date e compared to those excluded from the analysis (Supplementary Table S1).

Table 1 details the baseline characteristics of the study participants: 53.5% were male, the average age was 
67.2 years, and the mean eGFR was 54.6 mL/min/1.73  m2. Patients underwent a median of 8 eGFR measure-
ments, with the interquartile range spanning from 4 to 15. The median interval between these assessments was 
60 days, with the interquartile range spanning from 38 to 92 days. Figure 1 illustrates the cumulative incidence 
of renal events across groups based on compliance to the 2018 CKD Clinical Practice Guidelines and its associ-
ated guidelines as  follows9–11. In Fig. 1A, those with serum potassium > 5.4 mmol/L had higher event rates than 
those < 4.0 mmol/L and those between 4.0–5.4 mmol/L. In Fig. 1B, groups with serum sodium-chlorine < 33 had 
higher rates than those between 33–36 and > 36. In Fig. 1C, groups taking RAS inhibitors had higher rates than 
those not taking them. In Fig. 1D, groups with serum calcium < 8.4 mg/dL had higher rates than those ≥ 8.4 mg/
dL. In Fig. 1F, groups with serum uric acid ≥ 7.0 mg/dL had higher rates than those < 7.0 mg/dL. Lastly, in Fig. 1H, 
groups with hemoglobin < 11 g/dL had the highest rates, followed by 11-13 g/dL and ≥ 13 g/dL. Analysis of renal 
event rates shows no significant difference in the cumulative incidence when comparing groups with serum 
phosphorus at or below 6.0 mg/dL and those below 6 (Fig. 1E), and between the groups with LDL cholesterol 
levels below and at or above 120 mg/dL (Fig. 1G).

Participants were categorized based on their compliance to the guidelines for each metric, distinguishing 
between those who complied and those who did not (Supplementary Table S2). During the median follow-up 



3

Vol.:(0123456789)

Scientific Reports |        (2024) 14:11481  | https://doi.org/10.1038/s41598-024-62152-6

www.nature.com/scientificreports/

period of 513 days, with an interquartile range of 213 to 959 days, there were 838 composite renal events. In 
unadjusted models, participants who demonstrated compliance with the guidelines, specifically in managing 
serum potassium, sodium-chloride, calcium, urine acid, and hemoglobin levels experienced fewer composite 
kidney events compared to their non-compliant counterparts (Table 2). In adjusted analyses, which simultane-
ously accounted for all seven metrics, as well as age, sex, and eGFR at the index date, participants who demon-
strated compliance with the guidelines, specifically in managing serum potassium, sodium-chloride, calcium, and 
hemoglobin levels experienced fewer composite kidney events compared to their non-compliant counterparts 
(Table 2). In the adjusted model, we assessed whether the association between compliance to CKD guidelines 
and composite renal events varies based on the participants’ eGFR levels above versus below 45 mL/min/1.73  m2 
at the index date. We identified a significant interaction (P = 0.01) based on eGFR levels at the index date, cat-
egorized as ≥ 45 mL/min/1.73  m2 versus < 45 mL/min/1.73  m2, in examining how compliance to LDL cholesterol 
guidelines was associated with renal event outcomes. Consequently, we conducted stratified analyses according 
to these eGFR categories at the index date. A difference in renal outcomes was evident between individuals with 
LDL cholesterol levels below 120 mg/dL and those with levels at or above this threshold, but this discrepancy 
was only apparent in the subgroup with eGFR levels below 45 mL/min/1.73  m2 at the index date (hazard ratios 
[HRs] 0.75, 95% confidence intervals [CIs] 0.60 to 0.94).

Participants were categorized into quartiles based on their compliance to each metric, as detailed in Fig. S2. 
The quartiles were defined by scores of 0–5 points with n = 533 participants, 6 points with n = 1,304 participants, 
7 points with n = 1,844 participants, and 8 points with n = 784 participants. During the follow-up period, 143 
composite events, which included a decline in eGFR by ≥ 30% and ESKD, were recorded in the 0–5 point group. 
In contrast, the 8 point group witnessed 143 events, as detailed in Table 3. The 0–5 point group exhibited the 
highest cumulative incidence of composite events when compared to other quartiles (Fig. 2). In terms of the rate 
of composite events per 1,000 person-years, the 0–5 point group had the highest at 192, followed by the 6-point 
group at 110, the 7-point group at 90, and the 8-point group at 95. In an unadjusted model, the group with 6 
points (HRs 0.55, 95% CIs 0.45 to 0.68), the group with 7 points (HRs 0.45, 95% CIs 0.37 to 0.54), and the group 
with 8 points (HRs 0.47, 95% CIs 0.38 to 0.60) had a significantly lower risk of composite events compared with 
the group with 0–5 points (Table 3). After multivariable adjustment, the HRs (95% CIs) for composite events 
were HRs 0.67 (95% CIs 0.54 to 0.83) for the group with 6 points, HRs 0.55 (95% CIs 0.45 to 0.67) for the group 
with 7 points, and HRs 0.55 (95% CIs 0.44 to 0.70) for the group with 8 points. The groups with 6, 7, and 8 points 
each had a statistically significant lower risk of a ≥ 30% decline in eGFR or ESKD when compared to the group 
with 0–5 points (Table 3).

Discussions
Our study is the first to utilize real-world data in a large-scale analysis of outcomes, demonstrating that compli-
ance to CKD guidelines positively influences renal health. This assessment supports the efficacy of multidiscipli-
nary therapeutic strategies, reinforcing the critical role of guideline-aligned care in CKD management.

The findings from our study indicate associations between electrolyte imbalances and the rates of adverse renal 
events. Specifically, groups with serum potassium > 5.4 mmol/L had higher event rates than those < 4.0 mmol/L 
and those between 4.0–5.4 mmol/L. Groups with a combined serum sodium-chloride level of less than 33 had 
higher event rates compared to those with levels within the 33–36 range and above 36. Additionally, groups 
with serum calcium levels below 8.4 mg/dL experienced higher event rates than those with levels of 8.4 mg/dL 
or higher. Serum phosphorus levels were consistently below 6.0 mg/dL across the observed cases, as instances 
of serum phosphorus reaching 6 mg/dL or higher were not detected in this cohort. This absence suggests a 

Table 1.  Baseline clinical characteristics at the index date. Data are expressed as means (standard deviations) 
or percentages. eGFR estimated glomerular filtration rate, RAS renin-angiotensin system.

Variables Overall, n = 4,455

Age, years 67.2 ± 14.0

Men, % 2384 (53.5)

eGFR, mL/min/1.73m2 54.6 ± 20.5

Potassium, mmol/L 4.3 ± 0.5

Sodium − Chlorine, mmol/L 35.6 ± 2.4

Use of RAS inhibitors, yes 1881 (42.2)

Calcium, mg/dL 9.1 ± 0.5

Phosphorus, mg/dL 3.3 ± 0.6

Uric acid, mg/dL 5.9 ± 1.5

Low-density lipoprotein cholesterol, mg/dL 104.3 ± 30.3

Hemoglobin, g/dL 13.0 ± 1.8

Hypertension, n (%) 3022 (67.8)

Diabetes mellitus, n (%) 3603 (80.9)

Glomerulonephritis, n (%) 895 (20.1)

Nephrotic syndrome, n (%) 581 (13.0)
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Figure 1.  Cumulative incidence of composite renal events across groups of eight component metrics based on 
compliance to the 2018 CKD Clinical Practice Guidelines and its associated guidelines. We defined composite 
renal events as either the onset of ESKD, characterized by a decline in eGFR to less than 15 mL/min/1.73  m2, 
or a reduction of 30% or more in eGFR from the index date, with both conditions requiring confirmation by 
follow-up tests. To evaluate the disparities in the cumulative incidence of the composite renal events among 
different groups that were categorized based on the compliance to the 2018 CKD Clinical Practice Guidelines 
and its associated guidelines, we applied the Kaplan–Meier method. Furthermore, we utilized the log-rank 
test to determine the statistical significance, as indicated by the P-value. CKD = chronic kidney disease; 
eGFR = estimated glomerular filtration rate; ESKD = end-stage kidney disease; LDL cholesterol = low-density 
lipoprotein; RAS = renin-angiotensin system.
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patient population with well-controlled phosphorus levels, potentially due to effective dietary management 
or treatment compliance. These results are suggestive within the context of previous  studies12–16, which have 
shown that electrolyte imbalances may have significant implications for renal outcomes. For instance, abnormal 
serum sodium and chloride levels are known to be associated with hypertension, cardiovascular events, and 
renal  vasoconstriction17, which could potentially lead to a decline in renal function over time. Furthermore, 

Figure 1.  (continued)

Table 2.  Associations between compliance to each of the eight specific metrics outlined in the 2018 Evidence-
Based Clinical Practice Guidelines for CKD and its associated guidelines and composite renal events. 
Associations between adherence to each of the eight specific metrics outlined in the 2018 Evidence-Based 
Clinical Practice Guidelines for CKD and its associated guidelines and composite renal events in unadjusted 
and adjusted models. The median follow-up duration spanned 513 days and had an interquartile range from 
213 to 959 days. Adjusted model included all eight metrics into the same model simultaneously, along with age, 
sex, and the estimated glomerular filtration rate at the index date. CKD chronic kidney diseases, RAS renin-
angiotensin system, HRs Hazard ratios, CIs confidence intervals.

Variables

Composite renal events Unadjusted Adjusted

Events/n HRs (95% CIs) P value HRs (95% CIs) P value

(A) Potassium

 > 5.4 mmol/L 23/69 1 1

 ≤ 5.4 mmol/L 815/4386 0.46 (0.31, 0.70)  < 0.001 0.68 (0.44, 1.03) 0.067

(B) Sodium-Chlorine

 < 33 mmol/L 141/368 1 1

 ≥ 33 mmol/L 697/4087 0.32 (0.27, 0.38)  < 0.001 0.57 (0.46, 0.69)  < 0.001

(C) Use of RAS inhibitors

No 376/2574 1 1

Yes 462/1881 1.73 (1.51, 1.98)  < 0.001 1.40 (1.21, 1.61)  < 0.001

(D) Calcium

 < 8.4 mg/dL 82/244 1 1

 ≥ 8.4 mg/dL 756/4211 0.39 (0.31, 0.49)  < 0.001 0.56 (0.44, 0.71)  < 0.001

(E) Phosphorus

 > 6 mg/dL 0 - - - -

 ≤ 6 mg/dL 838/4455

(F) Uric acid

 ≥ 7.0 mg/dL 244/1014 1 1

 < 7.0 mg/dL 594/3441 0.64 (0.56, 0.75)  < 0.001 0.85 (0.73, 1.00) 0.05

(G) Low-density lipoprotein cholesterol

 ≥ 120 mg/dL 209/1280 1 1

 < 120 mg/dL 629/3175 1.22 (1.04, 1.43) 0.013 1.03 (0.88, 1.20) 0.748

(H) Hemoglobin

 < 11 g/dL 194/603 1 1

 ≥ 11 g/dL 644/3852 0.32 (0.27, 0.38)  < 0.001 0.43 (0.36, 0.52)  < 0.001
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the levels of serum sodium minus chlorine (mmol/L) serve as a potential clinical biomarker for metabolic 
 acidosis14,18, a condition known to exacerbate renal decline. Nonetheless, it should be noted that assessing serum 
HCO3- beyond the simple difference between serum sodium and chloride levels would provide a more precise 
indication of metabolic acidosis. However, in the current study, we identified that 161 individuals (representing 
3.6% of the total population) had recorded measurements of serum HCO3-. Given this, we recognized that the 
sample size is insufficient for robust statistical analysis of these points. Low serum calcium has been implicated 
in parathyroid hormone dysregulation and subsequent mineral bone disease, which could exacerbate kidney 
disease  progression16. However, these associations do not imply causation. The observed electrolyte abnormali-
ties could be a consequence of declining renal function rather than a cause. Renal impairment often leads to 
dysregulation of electrolyte homeostasis, and these electrolyte disturbances may serve as markers of disease 
severity rather than direct contributors to disease progression. Future prospective studies and clinical trials are 
needed to further elucidate the causative roles of these electrolyte imbalances in renal disease progression and 
to determine if targeted interventions can improve patient outcomes.

The observation that groups on RAS inhibitors had a higher rate of composite renal events than those not on 
these medications is unexpected, given the established renal protective benefits of RAS  inhibitors19–21. Poten-
tial explanations for these findings might include the varied severity of CKD at baseline, the increased risk of 
hyperkalemia associated with RAS inhibitors, and potential drug interactions with RAS inhibitors. Addition-
ally, the potential for confounding by indication should be considered. This term describes a scenario where 
the underlying reason for prescribing a specific treatment is directly related to the observed outcome. In this 
context, it is possible that patients with more progressive CKD, such as those exhibiting significant proteinuria, 
are more frequently prescribed RAS inhibitors. This could distort the study’s results, creating an apparent asso-
ciation between these medications and poorer outcomes, when in reality, these drugs are being administered 
to patients with more severe disease presentations. A meticulous analysis that stratifies patients by CKD stage, 
accompanying health conditions, and proteinuria levels, while adjusting for confounding variables, is warranted 
to shed light on these results.

Our findings indicate that CKD patients with serum uric acid levels at or exceeding 7.0 mg/dL had higher rates 
of adverse renal events. This is consistent with prior studies that identifies hyperuricemia as an independent risk 
factor for ESRD in Japanese populations, even after adjusting for confounders such as proteinuria, hypertension, 
and  dyslipidemia22. However, the literature also suggests that interventions to reduce uric acid levels may not 
necessarily translate to renal  protection23–25. These may indicate that increased uric acid levels could be a marker 
of renal damage rather than a causative factor. It may reflect the reduced excretion by the kidneys rather than 
contributing directly to kidney disease progression.

The stratification of hemoglobin levels in the present study suggests a graded association with renal outcomes, 
where the lowest hemoglobin group (< 11 g/dL) experienced the highest rates of renal complications, followed by 
those within the 11–13 g/dL range, and finally the group with levels ≥ 13 g/dL. This gradation echoes the findings 
of earlier  research26–28. Although prior studies suggest that anemia correction correlates with overall improved 
health outcomes, the direct benefit of elevating hemoglobin levels on renal outcomes remains  ambiguous29–31. 
It implies that while anemia management is beneficial, there is no clear evidence that increasing hemoglobin 
levels beyond a certain threshold confers additional renal protection.

Our research examined the differences in the frequency of combined and specific renal events across differ-
ent patient groups categorized by their CQ scores. The results indicated that patients with the lowest CQ scores, 
ranging from 0 to 5 points, were more likely to have a composite of renal events than those in the three higher 

Table 3.  Associations of clinical quality compliance with renal events: frequency, incidence, and hazard ratios. 
Participants were categorized into quartiles based on their compliance to each metric. The quartiles were 
defined by scores of 0–5 points with n = 533 participants, 6 points with n = 1,304 participants, 7 points with 
n = 1,844 participants, and 8 points with n = 784 participants. Adjusted model includes adjustment for age, 
sex, and eGFR at the index date. eGFR estimated glomerular filtration rate, HRs Hazard ratios, CIs confidence 
intervals.

Outcome Point n Events

Unadjusted Adjusted

HRs (95% CIs) P value HRs (95% CIs) P value

Composite renal events

0–5 533 143 1.0 – 1.0 –

6 1,304 243 0.55 (0.45–0.68) < 0.001 0.67 (0.54–0.83) < 0.001

7 1,844 309 0.45 (0.37–0.54) < 0.001 0.55 (0.45–0.67) < 0.001

8 784 143 0.47 (0.38–0.60) < 0.001 0.55 (0.44–0.70) < 0.001

eGFR < 15 mL/min/1.73m2

0–5 533 85 1.0 – 1.0 –

6 1,304 90 0.36 (0.26–0.48) < 0.001 0.72 (0.53–0.97) 0.030

7 1,844 72 0.18 (0.13–0.25) < 0.001 0.43 (0.31–0.59) < 0.001

8 784 33 0.19 (0.13–0.28) < 0.001 0.62 (0.41–0.95) 0.026

eGFR decline ≥ 30%

0–5 533 130 1.0 – 1.0 –

6 1,304 228 0.57 (0.46–0.70) < 0.001 0.65 (0.52–0.80) < 0.001

7 1,844 297 0.47 (0.38–0.58) < 0.001 0.54 (0.44–0.67) < 0.001

8 784 141 0.51 (0.40–0.65) < 0.001 0.57 (0.45–0.73) < 0.001
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Figure 2.  Cumulative incidence of composite renal events across groups based on compliance to the 2018 CKD 
Clinical Practice Guidelines and its associated guidelines. We defined composite renal events as either the onset 
of ESKD, characterized by a decline in eGFR to less than 15 mL/min/1.73  m2, or a reduction of 30% or more in 
eGFR from the index date, with both conditions requiring confirmation by follow-up tests. We employed the 
Kaplan–Meier method to assess variations in the cumulative incidence of these renal events among quartiles, 
which were stratified according to compliance to the metrics set forth in the 2018 CKD Clinical Practice 
Guidelines and its associated guidelines. The log-rank test was then used to ascertain statistical significance, 
denoted by the P-value. CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; ESKD = end-
stage kidney disease.
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scoring brackets (6–8 points). This trend was consistent when the health outcomes were specified as either a 
reduction of at least 30% in the eGFR or the onset of ESKD. However, important lifestyle factors, including smok-
ing habits and nutritional intake, and the measurements of blood pressure levels were not included in this study. 
These elements could significantly impact kidney function over the course of the follow-up period, and their 
absence in our data should be noted as a limitation. The cutoffs for categorizing using CQ scores were arbitrary 
that could affect the validity and applicability of the results. Determining the optimal cutoff points for CQ scores 
that accurately reflect patient risk categories is crucial for the reliability of the study. Furthermore, it remains 
uncertain whether potential synergistic effects between different CQ items were considered. Synergistic effects 
occur when the combined impact of two or more factors is greater than the sum of their separate effects. In the 
context of CKD, certain risk factors may interact in a way that significantly increases the risk of adverse renal 
events. Not accounting for these may oversimplify the relationships between CQ scores and health outcomes. 
Addressing these limitations in future research could involve developing a more robust method for determining 
CQ score cutoffs, analyzing the interaction between different risk factors, and ensuring that the point system 
reflects the relative importance of each risk factor. Additionally, a broader and more diverse patient population 
could help to understand the generalizability of the findings.

The current study has limitations. First, from a pool of 11,333 individuals identified as potential participants, 
6,732 lacked a follow-up eGFR measurement post-index date. A possible explanation for this could be referrals 
to external clinics or general practitioners, as suggested by instances where patients were directed to university 
hospitals for evaluation of undiagnosed kidney issues. After assessments, those deemed not to require ongoing 
follow-up for kidney diseases within the university hospital system were referred back to their initial healthcare 
providers. Unfortunately, the study does not provide specific reasons for the missing follow-up eGFR data for 
these 6,732 patients, which limiting insight into patient care continuity. Secondly, the study faces potential selec-
tion bias. The included participants were generally younger, had lower eGFR levels, were on RAS inhibitors, and 
exhibited lower levels of calcium, phosphorus, and LDL cholesterol at baseline compared to those excluded. This 
selection of participants may affect the generalizability and interpretation of our results. Third, this dataset is 
derived from real-world clinical settings, where physicians determined follow-up intervals based on individual 
patient needs and clinical judgments. As a result, the specific intervals between eGFR measurements varied 
widely, which potentially affecting the generalizability and interpretation of our results. Fourth, in the current 
study, non-compliance among participants included both individuals receiving medication and those not receiv-
ing medication. Consequently, the potential effect of medication use on our findings was not assessed, leaving 
its effects uncertain.

Our study revealed that compliance to CKD guideline recommendations in clinical practice correlates with 
renal outcomes, underscoring the importance of guideline-concordant care, especially in a multidisciplinary 
fashion, in managing CKD.

Methods
The Japan Chronic Kidney Disease Database (J-CKD-DB) is a real-world electronic health record-based registry 
of CKD  patients32,33. J-CKD-DB-Ex was developed based on J-CKD-DB system as a longitudinal CKD database. 
Data were taken from 4 university hospitals in Japan and data collection were started in January 2014, the current 
study is using the date followed until December 31st, 2020. This database incorporates information on inpatient 
and outpatient encounters, prescriptions, diagnostic codes, and laboratory measurements. The facilities partici-
pating in J-CKD-DB-Ex were required to have electronic health record systems that incorporated Standardized 
Structured Medical Information exchange 2 (SS-MIX2) (https:// www. ss- mix. org/ consE/) storage. The facilities 
were also required a structured data entry function that could transfer the data to the SS-MIX2 storage  system34. 
With the use of SS-MIX2 storage, all data elements were extracted automatically for the avoidance of input error. 
After extraction, data were sent to the J-CKD-DB-Ex data center.

Fundamental standards were adopted in SS-MIX2 regarding patient profiles (the Health Level Seven [HL7] 
V2.5 [ISO 27931] data format), prescriptions (national drug code in Japan, HOT code), laboratory test results 
(Japan Laboratory Code Version 10 [JLAC10] code), diagnoses (ICD-10), and incidence of major  outcomes35–37.

This study was conducted under the oversight of the Ethical Committee of the Saitama Medical University 
(2022–036) and in accordance with the principles of the Declaration of Helsinki. Informed consent was obtained 
through an opt-out method on the website of each participating university hospital in accordance with the Ethical 
Guidelines for Medical and Health Research Involving Human Subjects in Japan. The inclusion criteria for the 
J-CKD-DB-Ex were patients aged ≥ 18 years and patients with proteinuria ≥ 1 (dipstick test), or eGFR < 60 mL/
min/1.73  m2 32.

For the current analyses, we selected records of CKD patients leveraging the criteria of having an eGFR 
measurement documented on the index date (i.e., a starting point for the current study) alongside data on eight 
predetermined variables recorded within a six-month window preceding the index date (Fig. S1). These vari-
ables included serum potassium, serum sodium, serum chloride, serum calcium, serum phosphorus, uric acid, 
LDL cholesterol, and hemoglobin levels, in addition to the utilization of RAS inhibitors. The selection of these 
variables was grounded on the clinical advisements stipulated in the Evidence-based Clinical Practice Guidelines 
for CKD 2018 delineated by Japanese medical experts and by the data accessibility in the J-CKD-DB repository. 
We further confined our selection to CKD patient records showcasing at minimum, a single eGFR measurement 
transpiring after the index date.

CKD guideline component metrics
We categorized the eight component metrics derived from the Evidence-Based Clinical Practice Guidelines for 
CKD 2018 and its associated guidelines as  follows9–11: (A) serum potassium (mmol/L): < 4.0, 4.0–5.4, > 5.4; (B) 

https://www.ss-mix.org/consE/
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serum sodium—chlorine (mmol/L): < 33, 33–36, > 36; (C) administration of RAS inhibitors (i.e., angiotensin 
converting enzyme inhibitors and angiotensin receptor blockers): yes or no; (D) serum calcium (mg/dL): < 8.4, 
8.4–10.0, > 10.0; (E) serum phosphorus (mg/dL): < 3.5, 3.5–6.0, ≥ 6 ; (F) serum uric acid (mg/dL): < 7.0, ≥ 7.0; (G) 
LDL cholesterol (mg/dL): < 120, ≥ 120; (H) hemoglobin (g/dL): < 11, 11–13, > 13. Based on these categories, we 
developed a CQ recommendation scoring system as outlined in the Evidence-Based Clinical Practice Guidelines 
for CKD 2018 and its associated  guidelines9–11 (see Supplementary Table 2), assigning one point for each of the 
following conditions being met: (A) serum potassium ≤ 5.4 mmol/L; (B) serum sodium – chlorine ≥ 33 mmol/L; 
(C) administration of RAS inhibitors: yes; (D) serum calcium ≥ 8.4 mg/dL; (E) serum phosphorus reaching 
6 mg/dL or higher were not detected in this cohort. Therefore, serum phosphorus < 3.5 mg/dL was defined as 
the reference; (F) serum uric acid < 7.0 mg/dL; (G) LDL cholesterol < 120 mg/dL; (H) hemoglobin ≥ 11 g/dL, and 
quantifying compliance to each metric (Table S2) on a scale from 0 (poor compliance) to 8 (full compliance).

Kidney function
Serum creatinine was assayed with an enzymatic method. eGFR was derived with the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation modified by a Japanese  coefficient38. The underlying causes of 
CKD were classified according to the International Classification of Diseases, Tenth Revision (ICD-10) as follows: 
1) Glomerulonephritis (M321, N009, N014, N017, N019, N028-N030, N032, N033, N039); and 2) Nephrotic 
syndrome (N040, N042, N048, N049, N051-N055, N057, N059, N069, N083, N085). Additionally, participants 
were categorized based on the presence of hypertension, using ICD-10 codes I10, I110, I119, I120, I129, I139, 
I150-I152, I158, I159, and diabetes mellitus, identified through codes E100-E117, E119-E137, E139-E145, E148, 
E149, H280, H360, O240.

The primary outcome was the incidence of composite renal events across groups, classified based on their 
compliance to the metrics outlined in the Evidence-Based Clinical Practice Guidelines for CKD  201811. We 
defined the composite renal evens as a persistent the onset of ESKD which was defined as an eGFR of < 15 mL/
min/1.73  m2 (confirmed by a subsequent measurement), or reduction of 30% or more in eGFR (confirmed by a 
subsequent measurement). In the composite end point analyses, if a participant had more than one event occur, 
the first event was counted as the outcome. For example, if a participant who first undergoes a reduction in eGFR 
of 30% or more and then, a month later, is diagnosed with ESKD, we would count only the eGFR decline of 30% 
or more as the outcome in the composite endpoint analysis. However, in the endpoint-specific analyses, we would 
count both the eGFR decline of 30% or more and the ESKD diagnosis as separate outcomes.

Statistical analysis
The descriptive statistics are presented as mean values and corresponding standard deviations, with proportions 
provided where relevant. We used to estimate survival functions for the Kaplan–Meier method, and compared 
to the differences between groups by the Log-rank test. Utilizing Cox proportional hazards regression models, 
we calculated HRs and their corresponding 95% CIs to assess the risk of renal events in relation to compliance 
or non-compliance to individual CKD guideline metrics. HRs were calculated in an unadjusted model (model 
1), and after adjustments for covariates, including age, sex, and eGFR at the index date.

To determine whether the association between compliance to CKD guidelines and the incidence of composite 
renal events varies among the different stages of CKD, we assessed whether the association between compliance 
to CKD guidelines and composite renal events varies based on the participants’ eGFR levels above versus below 
45 mL/min/1.73  m2 at the index date. First, we assessed we tested for heterogeneity in the association between 
compliance to CKD guidelines and the incidence of composite renal events by eGFR at the index date (≥ 45 mL/
min/1.73  m2 versus < 45 mL/min/1.73  m2) with the inclusion of multiplicative interaction terms. When we 
identified a significant interaction (P < 0.05), stratified analyses according to these eGFR categories at the index 
date were considered. The follow-up duration was established as the time from the index date to the earliest of 
the following: (1) patient’s departure from the medical practice or database; or (2) the final date of data collec-
tion. Statistical significance was defined as a P value less than 0.05 using two-sided tests using SAS version 9.4 
software (SAS Institute, Cary, NC).

Data availability
The data underlying this article will be shared on reasonable request to the corresponding author.
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