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ABSTRACT
Objectives  To examine the association between facility-
level adherence to phosphorus management guidelines 
and mortality among patients with haemodialysis, and to 
explore the facility-related factors associated with facility-
level guideline adherence.
Design  Prospective cohort study.
Setting  The Dialysis Outcomes and Practice Pattern 
Study, which included 57 representative dialysis facilities 
in Japan between 2012 and 2015.
Participants  A total of 2054 adult patients who received 
maintenance haemodialysis were included. We defined 
exposure according to the following four categories, 
depending on whether facility-level target ranges of serum 
phosphorus concentration adhered to the Japanese clinical 
practice guidelines: adherence group (lower limit ≥3.5 mg/
dL and upper limit ≤6.0 mg/dL), low-target group (lower 
limit <3.5 and upper limit ≤6.0), wide-target group (lower 
limit <3.5 and upper limit >6.0) and high-target group 
(lower limit ≥3.5 and upper limit >6.0).
Primary outcome measure  The primary outcome was 
the patient all-cause mortality rate.
Results  The mortality rate among the patients was 7.3 
per 100 person-years; 27 facilities (47%) set targets 
according to the guidelines. HRs for mortality with 
reference to the adherence group were 1.04 (95% CI 0.76 
to 1.43) in the low-target group, 1.11 (95% CI 0.68 to 
1.81) in the wide-target group and 1.95 (95% CI 1.12 to 
3.38) in the high-target group. Involvement of dieticians 
in dialysis treatment was associated with facility-level 
guideline adherence (OR 4.51; 95% CI 1.15 to 17.7).
Conclusions  A higher facility-level target range for 
phosphorus was associated with increased patient 
mortality. Among facilities that set the target according 
to the guidelines, dieticians tended to be involved in 
dialysis care. These findings suggest the importance 
of reviewing facilities’ treatment policies in relation to 
updated guidelines and the need to work with relevant 
professionals.

INTRODUCTION
Clinical practice guidelines (CPGs) play an 
important role in reducing inappropriate 

variations in clinical practice, thereby 
improving the quality of care and decreasing 
healthcare expenditures.1–6 In recent years, 
many clinical societies have shown high 
interest in CPGs, and have developed and 
published CPGs in various clinical areas. 
CPGs are widely used in quality management 
and healthcare policy. However, adherence to 
CPGs differs considerably, with several studies 
reporting that adherence percentages varied 
from 10% to 80%.7 8 The impact of CPGs is 
dependent on their acceptance by clinicians 
in daily practice. Accordingly, research into 
whether clinicians practice according to the 
guidelines has received scientific and political 
interest.9

Dialysis treatment is one of the representa-
tive clinical areas for which CPGs have been 
generated worldwide.10 11 There are many 
treatment goals in this area, among which the 
treatment of chronic kidney disease-mineral 
and bone disorder (CKD-MBD) has received 
considerable attention from nephrologists. 
In particular, serum phosphorus control is 
a major target that has been associated with 
prognosis.12 13

Strengths and limitations of this study

►► A major strength of this study is that we analysed 
a large sample of representative dialysis facilities 
in Japan; therefore, we could examine facility-level 
factors.

►► The measurement of exposure and facility-level 
treatment policy had high validity, as the data were 
collected prospectively to prevent recall bias.

►► The facility-level treatment policy reported by facility 
directors might not represent an aggregate opinion 
in each facility.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0560-8686
http://orcid.org/0000-0001-9283-144X
http://orcid.org/0000-0003-1104-2612
http://dx.doi.org/10.1136/bmjopen-2021-051002
http://dx.doi.org/10.1136/bmjopen-2021-051002
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-051002&domain=pdf&date_stamp=2021-09-16


2 Itaya T, et al. BMJ Open 2021;11:e051002. doi:10.1136/bmjopen-2021-051002

Open access�

Although almost the same treatment targets for phos-
phorus have been set in CPGs for phosphorus manage-
ment worldwide, it is unknown whether institutional 
treatment policies that do not adhere to the CKD-MBD 
guidelines affect patient outcomes. Also, the recommen-
dations in CPGs are not absolute, and the CPGs take 
into account that treatment policies will vary depending 
on the condition of individual patients. However, it is 
unclear whether differences between recommendations 
in CPGs and facility-level treatment policies affect patient 
outcomes.

The treatment policy for phosphorus management at 
each facility may be an appropriate indicator for assessing 
guideline adherence, as it can synthetically reflect CPG 
accessibility, attitudes of healthcare professionals and 
usability of medical resources.7 9 14–21 Furthermore, 
the facility characteristics associated with phosphorus 
management policies have not been identified.

We, therefore, examined the association between guide-
line adherence regarding the facility-level target range 
of serum phosphorus and mortality in dialysis patients, 
and explored the facility-related factors associated with 
facility-level guideline adherence.

METHODS
Study design and participants
This was a cohort study using data from the Dialysis 
Outcomes and Practice Pattern Study (DOPPS) in Japan. 
The DOPPS was a prospective cohort study of patients 
enrolled randomly from a representative sample of 
dialysis facilities within each participating country. All 
participants in the DOPPS provided written informed 
consent prior to study enrolment. We conducted this 
study in compliance with the Declaration of Helsinki. 
This study was approved by Kyoto University Graduate 
School and Faculty of Medicine Kyoto University Hospital 

Ethics Committee. Detailed information on the design of 
DOPPS has been provided elsewhere.22 23

Our cohort study used data from the Japanese DOPPS 
(J-DOPPS) phase V conducted from 1 June 2012 to 31 
May 2015. We included patients receiving maintenance 
haemodialysis (HD) who were older than 18 years. We 
excluded patients who had been receiving dialysis therapy 
for less than 90 days because mineral metabolism markers 
fluctuate more dramatically near the beginning of dial-
ysis therapy and may not represent patterns of steady-state 
bone mineral dynamics. Additionally, patients with any 
missing data were excluded.

Definition of exposure
The exposure was the facility-level target range of serum 
phosphorus concentration set by each facility where 
patients were receiving dialysis. Facility directors reported 
lower limits (LL) and upper limits (UL) of serum phos-
phorus targets at baseline and then every 4 months during 
the study period. We defined the exposure according 
to the following four categories (figure  1), depending 
on whether the baseline LL and UL ranges adhered to 
the CPG for the management of CKD-MBD published 
by the Japanese Society for Dialysis Therapy in April 
2012.24 25 This CPG recommended a serum phosphorus 
target range from 3.5 to 6.0 mg/dL.

►► Adherence group: both LL and UL adhered to the 
values in the CPG (LL: ≥3.5 mg/dL, UL: ≤6.0 mg/dL).

►► Low-target group: LL fell below and UL adhered the 
values in the CPG (LL: <3.5 mg/dL, UL: ≤6.0 mg/dL).

►► Wide-target group: LL fell below and UL exceeded 
the values in the CPG (LL: <3.5 mg/dL, UL: >6.0 mg/
dL).

►► High-target group: LL adhered to and UL exceeded 
the values in the CPG (LL: ≥3.5 mg/dL, UL: >6.0 mg/
dL).

Outcomes
The primary outcome was the all-cause mortality rate, 
indicated by HRs. The secondary outcome was major 
adverse cardiovascular events (MACEs), including acute 
myocardial infarction, stroke and all-cause mortality.26 
The survival period was calculated from patient enrol-
ment to death. Survival at the end of the observation 
period (31 May 2015) was censored.

Covariates
Data collected at baseline consisted of age, gender, HD 
vintage (years), serum albumin (g/dL), serum phos-
phorus (<3.5 mg/dL, 3.5 –6.0 mg/dL, >6.0 mg/dL),24 
corrected serum calcium (<8.4 mg/dL, 8.4–10.0 mg/
dL, >10.0 mg/dL),24 intact parathyroid hormone (PTH) 
(<60 pg/mL, 60–240 pg/mL, >240 pg/mL),24 history of 
diabetes mellitus, history of liver disease, history of hyper-
tension, history of heart disease (coronary heart disease, 
coronary artery disease, angina, myocardial infarction, 
bypass surgery and coronary angioplasty), history of 
stroke or transient ischaemic attack (TIA), history of 

Figure 1  Definition of the exposure. Adherence group, 
lower limit of serum phosphorus value (LL) ≥3.5 mg/dL and 
upper limit of serum phosphorus value (UL) ≤6.0 mg/dL; 
low-target group,  <3.5 mg/dL and UL ≤6.0 mg/dL; wide-
target group,  <3.5 mg/dL and UL >6.0 mg/dL; high-target 
group,  ≥3.5 mg/dL and UL >6.0 mg/dL. LL, lower limits; UL, 
upper limits.
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cancer, treatment time on dialysis per day (<211 min, 
211–240 min, >240 min)27 and CKD-MBD-related medi-
cations (phosphate binder, oral vitamin D receptor 
activator (VDRA), intravenous VDRA and cinacalcet). 
Corrected serum calcium was calculated as measured 
calcium concentration (mg/dL) + (4-serum albumin (g/
dL)) when serum albumin was under 4.0 g/mL.24 28

To investigate facility-level factors related to guideline 
adherence, we assessed facility size, organisation type 
(private or public), consultation time per week, presence 
of nocturnal dialysis programmes, and whether dietitians, 
nurses certified in dialysis nursing and/or certified social 
workers were involved in dialysis treatment. Facility size 
was divided into three groups according to the number 
of HD patients: fewer than 100 patients, 100–150 patients 
and more than 150 patients. Consultation time was 
defined as consultation hours per week, classified as less 
than 40 hours, 40–60 hours and more than 60 hours per 
week. Nocturnal dialysis denoted that a facility offered 
HD treatment at night while patients slept.

Statistical analysis
The baseline characteristics were summarised for all 
patients and for patients categorised in the four exposure 
groups. Continuous variables were described as means 
and SD, and categorical variables were represented as 
counts and percentages (%). Differences in the distribu-
tion of patient characteristics at baseline among the four 
groups were assessed using one-way analysis of variance 
for continuous variables and the χ2 test for categorical 
variables. Also, we described the individual changes of 
serum phosphorus during the study period by exposures. 
Observation time and number of deaths and MACEs 
within the follow-up period were also summarised. The 
event-free survival rate for all-cause mortality and MACEs 
according to the categorised groups was described by the 
Kaplan-Meier method and compared using the log-rank 
test.

The primary analysis evaluated the association between 
the facility-level target range and mortality. We evalu-
ated a mixed-effects Cox regression model with random 
intercept to account for potential differences among 

dialysis facilities. This analysis was adjusted for patient-
level covariates: age, gender, HD vintage, serum albumin, 
serum phosphorus, corrected serum calcium and comor-
bidities (diabetes mellitus, liver disease, hypertension, 
heart disease, stroke or TIA, and cancer). Unadjusted 
and adjusted HRs and 95% CIs were estimated using the 
survival model. To assess the proportionality assumption 
of the survival model, we examined Schoenfeld resid-
uals. The secondary analysis was used the same model 
and adjusted variables for investigating the association 
between the facility-level target range and MACEs.

The exploratory analysis examined the facility-level 
factors that were associated with facility-level guideline 
adherence. First, facility characteristics were described 
by frequencies and percentages. Second, we conducted 
univariate logistic regression analyses using a binary 
outcome: adherence group or not. Explanatory variables 
were facility size, organisation type, consultation time, 
availability of nocturnal dialysis, availability of dietitian 
and availability of certified social worker. Third, the vari-
ables that met the criterion p<0.2 in univariate analyses 
were entered into the final multivariate logistic regression 
model. ORs and 95% CIs were estimated and tested for 
statistical significance.

All statistical analyses were performed using STATA 
V.16.1 (StataCorp). Two-tailed p values of less than 0.05 
were considered statistically significant, except for the 
univariate regressions of the explanatory analysis, as 
noted earlier.

Patient and public involvement
There was no patient and public involvement.

RESULTS
Patient flow
A total of 2524 patients participated in the study between 
2012 and 2015. Patients were excluded if their history of 
dialysis was less than 90 days (n=412) or in case of missing 
essential data (facility with missing exposure data: n=17, 
patients with missing covariates: n=41), resulting in 2054 
patients included in our analysis (figure 2).

Facility treatment policy
In this study, 47% of facilities (27/57 facilities) adhered 
to the CPG for CKD-MBD; this adherence group included 
941 (46%) patients. There were 729 (35%) patients in 
the low-target group (21 facilities), 212 (10%) in the 
wide-target group (5 facilities) and 172 (8.4%) in the 
high-target group (4 facilities). The minimum-maximum 
target ranges of phosphorus among these non-adherence 
groups, as reported by each facility’s director, were 
2.0–6.0 mg/dL in the low-target group, 2.0–6.5 mg/
dL in the wide-target group and 3.5–7.0 mg/dL in the 
high-target group. Most facilities (44/57 facilities) did 
not change their target ranges from baseline to final 
measurement.

Figure 2  Selection process for study population. J-DOPPS, 
Japanese Dialysis Outcomes and Practice Pattern Study.
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Patient characteristics
Patient baseline characteristics are summarised in table 1. 
Considering all patients, the mean age was 65.5 years 
(SD=12.4), and 65% of patients were men. The high-
target group had a mean age 2 years lower than that of 
the other groups. The serum albumin value in the high-
target group was higher (3.9 g/dL) than that in the other 
three groups (average 3.7 g/dL). Regarding patient-level 
serum phosphorus, the adherence, low-target, and wide-
target groups were in the range of serum phosphorus 
recommended by the CPG for CKD-MBD for approxi-
mately 60%–70% of patients. In contrast, less than 50% 
of the high-target group patients had phosphorus levels 
in accordance with the recommendation. The change of 
serum phosphorus by the groups during the study was 
presented in online supplemental figure 1. Over 70% of 
patients in the adherence group had serum calcium in 
the range 8.4–10.0 mg/dL, while the other groups had 
approximately 50%–60% of patients in that range. The 
group with the higher UL target also had higher levels of 
intact PTH. In all groups, most patients had a treatment 
time of 211–240 min. The high-target group had more 
patients with less than 211 min and more than 240 min 
compared with the other three groups. Regarding comor-
bidities, heart disease in the wide-target and high-target 
groups was proportionally less common than in the 
other groups. The high-target group was less likely to use 
prescription drugs related to CKD-MBD than were the 
other three groups.

Facility-level target ranges of phosphorus and patient 
outcomes
In terms of all-cause mortality, 329 (16%) patients died 
during the observation period. The median follow-up 
period was 2.97 years (IQR: 1.33–3.00). The mortality 
rate among all patients was 7.3 per 100 person-years. 
The mortality rate of the adherence group (6.9 per 100 
person-years) was lower than that of the other three cate-
gories: 7.7 in the low-target group, 7.5 in the wide-target 
group and 7.5 in the high-target group per 100 person-
years (table 1). The results of the Kaplan-Meier method 
and the log-rank test were presented in online supple-
mental materials (online supplemental figures 2 and 3).

With reference to the adherence group, the adjusted 
HRs (95% CIs) for all-cause mortality were 1.04 (0.76 to 
1.43; p=0.79) for the low-target group and 1.11 (0.68 to 
1.81; p=0.68) for the wide-target group. The high-target 
group was significantly associated with greater mortality 
(adjusted HR=1.95, 95% CI 1.12 to 3.38, p=0.018; 
figure  3). Plots of Schoenfeld residuals were consistent 
with proportionally. In terms of MACEs, this result was 
consistent with the result of mortality. The detailed results 
of the analyses were in online supplemental materials 
(online supplemental tables 1 and 2).

Facility characteristics
Of the 57 eligible facilities, 27 (47%) facilities set the 
institutional target according to the CPG for CKD-MBD, 

while 30 facilities did not (table 2). Of 24 large facilities 
(>150 HD patients), most adhered to the CPG (48%; 
13/27 facilities). In contrast, the number of small facilities 
(<100 HD patients) in the adherence group (19%) was 
less than half compared with the non-adherence group 
(40%). Consultation hours per week were higher in the 
adherence facilities than in the non-adherence facilities; 
67% of facilities that adhered to the CPG provided over 
60 hours of consultation, while this percentage was 33% 
among facilities that did not adhere to the CPG. Regarding 
healthcare professionals caring for HD patients, a greater 
percentage of facilities with dieticians and certified social 
workers belonged to the adherence group than the non-
adherence group (81% vs 50%, and 52% vs 33%, respec-
tively); the pattern reversed for nurses certified in dialysis 
nursing (0% vs 13%).

Facility factors associated with facility-level guideline 
adherence
In univariate logistic regression analyses, four factors 
were selected as candidates for the final model: facility 
size, consultation hours, presence of dietician, and pres-
ence of certified social worker. In the multivariate logistic 
regression analysis, the association between dietician 
presence and facility-level guideline adherence was statis-
tically significant (adjusted OR 4.51, 95% CI 1.15 to 17.7, 
p=0.031; table  3). The c-statistic (95% CI) of the final 
model was 0.77 (0.65 to 0.89).

DISCUSSION
This study evaluated whether facility-level adherence to 
guidelines for the target range of phosphorus was asso-
ciated with mortality in Japanese dialysis patients, and 
investigated facility-related factors associated with guide-
line adherence. Approximately 47% of facilities adopted 
treatment policies consistent with the CPG for phosphorus 
management. Our results showed a significant associa-
tion between facility-level guideline adherence regarding 
target ranges of serum phosphorus and patient mortality; 
facilities with higher target ranges demonstrated higher 
mortality rates. Moreover, involving dieticians in the treat-
ment of dialysis patients was associated with facility-level 
guideline adherence to target ranges for phosphorus.

Our findings help to understand the effects of facility-
level guideline adherence on patient mortality. Overall, 
patients’ actual serum phosphorus values showed trends 
similar to the corresponding facility target ranges. 
Compared with the adherence group, the low-target 
group exhibited a large proportion of cases with serum 
phosphorus below 3.5 mg/dL, the wide-target group 
had a higher percentage of cases with values <3.5 mg/dL 
or >6.0 mg/dL, and approximately half of the patients in 
the high-target group demonstrated values >6.0 mg/dL. 
Previous studies showed an association between patient-
level serum phosphorus measured at baseline and all-
cause mortality.12 13 Patients’ serum phosphorus levels 
below 3.5 mg/dL and above 6.5 mg/dL were significantly 

https://dx.doi.org/10.1136/bmjopen-2021-051002
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associated with a higher risk of death.12 Moreover, 
according to previous research and clinical evidence, 
phosphorus levels in dialysis patients tend to rise, and 
approximately 90% of persons in the present and 
previous studies exhibited values greater than 3.5 mg/
dL. Therefore, clinically, the emphasis for most patients 
is on lowering serum phosphorus rather than raising it. 
Regarding the UL, the low-target and wide-target groups 
(maximum UL: 6.0 mg/dL in low-target group and 
6.5 mg/dL in wide-target group) demonstrated almost 
the same levels as the adherence group, and facility direc-
tors in these three groups may have similar treatment 
policies to keep serum phosphorus levels in HD patients 
below the adequate UL. This could explain why only the 
high-target group showed an association with increased 
mortality.

In this study, we assessed the facility target range of 
phosphorus, which represented a facility treatment policy, 
and adjusted baseline patient-level phosphorus data. 
This result indicated that the facility treatment policy for 
phosphorus management could affect individual patient 
outcomes, even when excluding the effect of individual 
phosphorus status. The exposure in this study may, 
therefore, include not only the concept of phosphorus 
management but also the concept of various treatment 
policies from many clinical perspectives. These compo-
nents might include the management of other clinical 
items, such as renal anaemia, dialysis adequacy, vascular 
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Figure 3  Mortality hazard associated with facility-level 
target ranges of serum phosphorus. Adherence group, 
lower limit of serum phosphorus value (LL) ≥3.5 mg/dL and 
upper limit of serum phosphorus value (UL) ≤6.0 mg/dL; 
low-target group,  <3.5 mg/dL and UL ≤6.0 mg/dL; wide-
target group,  <3.5 mg/dL and UL >6.0 mg/dL; high-target 
group,  ≥3.5 mg/dL and UL >6.0 mg/dL; adjusted for age, 
gender, haemodialysis vintage, serum albumin, serum 
phosphorus, corrected calcium and comorbidities (diabetes 
mellitus, liver disease, hypertension, heart disease, stroke or 
transient ischaemic attack and cancer). LL, lower limits; UL, 
upper limits.
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access and comorbidity, as well as patient education. 
Facilities that set the same target ranges of phosphorus 
as those indicated in the CPG may tend to offer high-
quality care to patients. Therefore, even if individual-level 
effects at baseline were detected, there was an association 
between facility treatment policy and mortality. That is, 
this association between exposure and mortality in our 
study may indicate the composite effects of institutional 
treatment strategies.

There could be several reasons why dialysis facilities 
did not set their targets according to the CPG. First, some 
physicians were sceptical about guidelines and related 
evidence; they thought, for example, that the guidelines 
were too rigid to apply to individual patients, and not 
appropriate for translation to typical patients with different 
demographic characteristics.15–17 29 Generally, the practice 
of evidence-based medicine is described as ‘the integra-
tion of best research evidence with clinical expertise and 
patient values.’30 This does not mean that medical staff 
blindly provide uniform treatment to all patients based on 
CPGs. A previous systematic review reported the two main 
reasons for intentional non-adherence to guidelines were 
contraindications and patients’ preferences.31 The main 
strategies for phosphate control are diet restrictions and 
dose adjustment of phosphate binders, which could harm 
some patients. For example, strict diet restrictions could 
worsen nutritional status, while increasing phosphate 
binders may lead to polypharmacy or constipation. Physi-
cians who consider these potential harms could accept a 
less strict phosphorus target. Our findings that patients in 
the high-target group were less likely to take phosphate 

binders support this idea. Moreover, CPGs may not be 
fully known to physicians although the CPG for CKD-
MBD is available on an open-access website.

Additionally, this study indicated that facilities where the 
treatment policy was consistent with the CPG recommen-
dation were more likely to involve dieticians in patients’ 
treatment. Dieticians specialise not only in phosphorus 
management but also in many other aspects of nutri-
tion management, including renal-disease-related intake 
restriction of salt, potassium and water, and comorbidi-
ties such as diabetes mellitus and hyperlipidaemia. The 
facilities where dieticians are involved might offer multi-
faceted patient education. Further research is needed in 
other clinical fields, since it is possible that facility-level 
guideline adherence may be associated with the presence 
of relevant healthcare professionals.

Strengths and limitations
The first strength of the current study was its design.32 
The measurement of exposure had high validity, as we 
collected the exposure data prospectively to prevent 
recall bias. The second advantage was the sample size. 
This study included a relatively large population and 
numerous dialysis centres. Therefore, we were able to 
evaluate facility-level factors. The third strength was the 
sampling method of the J-DOPPS, which was representa-
tive of most Japanese dialysis settings.32

There were several limitations to our study. First, facility-
level target ranges of phosphorus at baseline were used 
to define the exposure categories in this study; however, 
patients may have transferred into different categories 

Table 2  Facility characteristics

All facilities (n=57)

Guideline adherence

P valueAdherence (n=27) Non-adherence (n=30)

Facility scale (HD patients), n (%)

 � <100 17 (30) 5 (19) 12 (40) 0.21

 � 100–150 16 (28) 9 (33) 7 (23)

 � ≥150 24 (42) 13 (48) 11 (37)

Organisation type, n (%)

 � Private 48 (84) 22 (81) 26 (87) 0.59

 � Public 9 (16) 5 (19) 4 (13)

Consultation hours per week, n (%)

 � <40 11 (19) 4 (15) 7 (23) 0.038

 � 40–60 18 (32) 5 (19) 13 (43)

 � ≥60 28 (49) 18 (67) 10 (33)

 � Nocturnal dialysis programmes, n (%) 34 (60) 18 (67) 16 (53) 0.31

 � Dietician, n (%) 37 (65) 22 (81) 15 (50) 0.013

 � Certified nurse in dialysis nursing, n (%) 4 (7.0) 0 (0) 4 (13) 0.049

 � Certified social worker, n (%) 24 (42) 14 (52) 10 (33) 0.16

Dietician, certified nurse in dialysis nursing and certified social worker were defined as whether the facility had at least one such person in 
charge of HD patients.
HD, haemodialysis.
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during the study period. Further, as the facility treatment 
policy and patient data were collected at different times, 
misclassification might have also occurred. However, we 
confirmed that the facility target ranges changed mini-
mally, and that measurement times differed only slightly 
throughout the observation period. Second, the facility 
treatment policy might not be an aggregate opinion in 
each facility. This is because the facility-level target range of 
phosphorus was reported by one facility director; if there 
were multiple doctors in a centre, there might not have 
necessarily been consensus on the target range. Third, 
our findings did not imply that setting facility treatment 
targets according to CPGs will directly reduce mortality. 
Fourth, the adjustment of unknown confounding factors 
associated with the relationships we investigated was not 
possible, which is a general limitation of observational 
studies. Finally, it may be difficult to generalise our find-
ings to other areas or guidelines, as the present study did 
not investigate other types of CPGs or countries.

CONCLUSION
Our findings demonstrated that approximately half of 
the dialysis centres in Japan set target ranges according 
to the CPG for phosphorus management. We found an 

association between a higher target range of serum phos-
phorus and patient mortality. Our results also suggested 
that the presence of a healthcare professional involved 
with the facility-level treatment policy was associated with 
facility-level guideline adherence. These results suggest 
that facility directors and healthcare providers should 
refer to updated CPGs when evaluating treatment poli-
cies in their facilities. Furthermore, physicians and other 
healthcare professionals who are relevant to facility treat-
ment policies may play a key role in guideline adherence.
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