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ABSTRACT 

Background. Statins have little beneficial effects on cardiovascular events ( CVEs) in patients undergoing haemodialysis 
( HD) despite clinically relevant reductions in serum cholesterol levels. However, how time-dependent serum phosphate 
levels modify time-dependent statin use status in CVEs remains unclear. This study aimed to investigate whether statin 

use and time-dependent serum phosphate levels are associated with CVEs, cardiovascular death, atherosclerotic events 
and all-cause mortality. 
Methods. In this post-hoc analysis of the LANDMARK trial, we classified the Japanese patients according to statin use 
and serum phosphate levels and tested whether longitudinal phosphate exposure modulated the occurrence of 
outcomes. 
Results. Among 2135 patients on HD, 397 ( 18.6%) were prescribed statins at baseline, and 176 ( 8.2%) were prescribed 
statins during a median follow-up period of 3.2 years. Time-dependent statin administration was associated with a 
lower risk of all-cause death. However, there was no association between statin administration and serum phosphorus 
levels. Despite observing a trend towards a decreased risk of cardiovascular and atherosclerotic events for 
time-dependent phosphate levels < 5 mg/dL during the statin prescription period, this trend was not significant. No 
clinical benefits of statin use on cardiovascular mortality or all-cause mortality were observed. 
Conclusion. Time-dependent statin use was associated with a lower risk of all-cause death. However, statin and serum 

phosphate levels were not significantly associated with lower risk of CVEs or mortality. 
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Conclusion: Time-dependent statin use status and serum phosphate levels
were not significantly associated with a lower risk of cardiovascular events
in Japanese patients on HD.

Association of serum phosphate levels and statin use
with cardiovascular events in Japanese patients on chronic
haemodialysis: a post-hoc analysis of the LANDMARK trial

The impact of time-dependent serum phosphate levels and statin use on cardiovascular events and mortality in 
haemodialysis (HD) patients remains unclear, despite statins offering limited benefits on cardiovascular events.

Methods Results
The LANDMARK trial
Prospective, randomized trial

2,135 patients on HD

Primary outcomes:
•Cardiovascular events
Secondary outcomes:
•Cardiovascular death
•Atherosclerotic events
•All-cause death

Proportional hazard model
with time-dependent variables
(serum phosphate levels and
usage of statins)

Time-dependent statin use
was associated with lower
risk of all-cause death

There was no significant
association between statin
use and serum phosphate
levels for events

Despite observing a trend
towards a decreased risk of
cardiovascular events and
atherosclerotic events
observed for time-dependent
phosphate levels <5 mg/dL
during the statin prescription
period, this trend was not
statistically significant

Cardiovascular events Cardiovascular death

Atherosclerotic events All-cause death

P interaction = 0.38 P interaction = 0.40

P interaction = 0.55P interaction = 0.33
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KEY LEARNING POINTS 

What was known: 

• Statins have few or no beneficial effects on cardiovascular events ( CVEs) in patients undergoing haemodialysis ( HD) .
• The association between time-dependent serum phosphate levels modify the association of time-dependent statin use 

status with CVEs remains unclear.

This study adds: 

• Time-dependent statin use was associated with lower risk of all-cause death.
• Despite observing a trend towards a decreased risk of cardiovascular and atherosclerotic events for time-dependent phos- 

phate levels < 5 mg/dL during the statin prescription period, this trend was not statistically significant.
• There was no significant association between statin use and serum phosphate levels for CVEs, cardiovascular death, 

atherosclerotic events or all-cause death in this study population.

Potential impact: 

• Statin use and time-dependent serum phosphate levels were not significantly associated with a lower risk of CVEs, cardio- 
vascular death, atherosclerotic events or all-cause mortality.

• Given the exceptionally high rates of CVEs and mortality in this population compared with the general population, it may 
still be necessary to assess other factors for the clinical benefits of primary and secondary prevention of cardiovascular risk.
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NTRODUCTION 

ardiovascular events ( CVEs) are the leading cause of mor- 
idity and mortality in patients with end-stage kidney dis- 
ase on haemodialysis ( HD) [1 , 2 ]. Statin therapy in adults 
ith or at risk of CVEs results in consistent proportional re- 
uctions in major cardiovascular outcomes, all-cause mortality 
nd myocardial infarction [3 –6 ]. Despite statins having a signifi- 
ant low-density lipoprotein cholesterol ( LDL-C) -lowering effect,
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andomized clinical trials ( RCTs) [7 –9 ] and high-quality meta- 
nalyses [10 –12 ] indicate that these drugs have little or no effect
n cardiovascular outcomes in patients on HD, with several 
ossible explanations. First, the LDL-C level was not associ- 
ted with CVEs in patients undergoing HD. However, this lack
f association seems unlikely, given the well-established direct 
ausal relationship between LDL-C and atheroma [13 , 14 ]. Sec-
nd, major RCTs found limited benefit, while observational stud- 
es showed reductions in mortality and cardiac events in cer-
ain subgroups [15 –17 ]. Furthermore, post-hoc analyses of RCTs
uggest improved outcomes in specific high-risk groups [18 , 19 ].
herefore, we hypothesized that negative results may reflect in- 
ppropriate patient selection. Third, in addition to the estab- 
ished conventional risk factors for atherosclerotic CVEs, other 
actors, including non-traditional risk factors [e.g. chronic kid- 
ey disease–mineral and bone metabolism disorder ( CKD-MBD) ,
ascular stiffness, protein-energy wasting and calcification] and 
on-atherosclerotic cardiac events ( e.g. arrhythmia and heart 
ailure) play important roles in the pathophysiological charac- 
eristics of CVEs in patients on HD [1 , 20 , 21 ]. CKD-MBD occurs in
atients with CKD and is associated with cardiovascular morbid- 
ty and mortality [22 ]; the initiating and driving force of mineral
nd endocrine disruptions in CKD-MBD is phosphate retention.
he reason for the less effective aforementioned statins may be,
t least in part, higher intracellular cholesterol production due to
yperphosphatemia [23 , 24 ], possibly via lower membrane LDL 
eceptor expression [25 , 26 ]. 

The association between serum phosphate levels and statin 
herapy remains unclear. Therefore, we conducted a post-hoc 
nalysis of the LANDMARK trial [outcome study of lanthanum 

arbonate ( LC) compared with calcium carbonate ( CC) on car- 
iovascular morbidity and mortality in patients with chronic 
idney disease on HD] [27 , 28 ], to clarify the association be-
ween statin therapy and serum phosphate levels on CVEs and
ll-cause mortality in this patient population. The primary aim 

f the study was to investigate whether time-dependent serum 

hosphate levels act as an effect modifier in the association be-
ween time-dependent statin use and CVEs and all-cause death 
n patients on HD. 

ATERIALS AND METHODS 

tudy design and population 

his was a post-hoc analysis ( study approval number: 3109) of 
he LANDMARK trial [27 –29 ], a multicentre, randomized, open-
abel, parallel comparative study of LC and CC that included pa-
ients on HD enrolled from 273 dialysis facilities across Japan
ho underwent randomization between March 2014 and May 
017. Participants were eligible if they were on HD for ≥3 months
ith phosphate binder therapy for hyperphosphatemia; had 
t least one risk factor for vascular calcification [ ≥65 years,
ostmenopausal or type 2 diabetes mellitus ( DM) ]; and had a 
erum intact parathyroid hormone level of ≤240 pg/mL. Pa- 
ient management conformed to the Clinical Practice Guidelines 
or the Management of CKD–MBD published by the Japanese 
ociety for Dialysis Therapy [30 ]. Target ranges of phosphate
t the beginning of the first hemodialysis session of each
eek was 3.5–6.0 mg/dL. Details of the study design, patient
ligibility and laboratory measurements have been reported 
reviously [27 –29 ]. 
The primary endpoint in both groups was the time of sur-

ival free of CVEs, including cardiovascular death, non-fatal my- 
cardial infarction or stroke, and unstable angina. These end- 
oints were evaluated in a blinded fashion by an independent
vent evaluation committee. Follow-up visits occurred at 3, 6 and
2 months after enrolment and then each year thereafter until
he end of the study, with a closeout visit. 

The local institutional ethics committee approved the 
ANDMARK trial protocol at each site. This study was reg-
stered with ClinicalTrials.gov ( NCT01578200) and umin.ac.jp 
 UMIN000006815) , and its protocol was approved by the ethics
ommittee of Showa Medical University Hospital ( number: 3109) .
his study was conducted in compliance with the principles of
he Declaration of Helsinki. 

Because we used an anonymized dataset for research pur-
oses, the need for written informed consent from the partici-
ants was waived. Each participant was provided with an oppor-
unity to opt out. 

utcomes and exposure 

he primary outcome was defined as a composite of CVEs
hat included death due to CVEs ( myocardial infarction or
troke) ; non-fatal myocardial infarction; non-fatal stroke; un- 
table angina; hospitalization for heart failure; and hospital-
zation for ventricular arrhythmia. Secondary outcomes were 
ll-cause mortality, cardiovascular death and atherosclerotic 
vents. Atherosclerotic events included cardiovascular death, is- 
haemic stroke, transient ischaemic attack and unstable angina.
xposure to statins was classified into four treatment strate-
ies based on the statin prescription at baseline and during
ollow-up: treatment throughout the study period [ever-use ( EU) 
roup], treatment added during the study period [add-on use
 AU) group], no statin treatment [non-use ( NU) group] and treat- 
ent discontinued during the study period [discontinued ( D) 
roup]. The study scheme is illustrated in Fig. 1 a and b. 

tatistical analysis 

he demographic characteristics and baseline variables of the
U, EU, AU and D groups, which were divided based on the
istory of statin use during the study, were summarized as
eans ( standard deviations) for continuous variables and num- 
ers ( percentages) for frequency variables. The cumulative inci- 
ence of CVEs, cardiovascular death, atherosclerotic events and
ll-cause death was calculated for each group using the Kaplan–
eier method, and the event incidence ( per 100 person-years)
as calculated. Log-rank tests were used to compare groups. 
We estimated the nonlinear relationship using a proportional

azard model with time-dependent variables that included the
resence or absence of statin use. Next, we estimated the non-
inear relationship between the hazard ratio of statin use and
erum phosphorus levels in the EU and NU groups using a pro-
ortional hazard model with age, sex, smoking status, diabetes,
istory of cardiovascular disease, usage of renin–angiotensin 
ystem ( RAS) inhibitors at baseline, and baseline values of sys-
olic blood pressure, corrected calcium, intact parathyroid hor-
one, alkaline phosphatase, albumin and serum phosphorus as
ovariates and serum phosphorus levels measured over time as
he time-dependent variable. Kidney Disease: Improving Global 
utcomes ( KDIGO) has issued opinion-based practice guidelines 
ecommending aggressive treatment of hyperphosphatemia 
o achieve values closer to the normal range in patients un-
ergoing HD [22 ]. However, a recent Japanese study showed
hat intensive phosphate control can slow the progression of
ascular calcification [31 , 32 ]. Another prospective Japanese
ohort study further demonstrated that intensive management 
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Figure 1: The study scheme. ( a) ( 1) The participants of the LANDMARK trial were divided according to the status of statin use during the study period. The outcomes, 

CVEs, cardiovascular death, atherosclerotic events and all-cause death were compared between the status of statin use during the study period. ( 2) Those outcomes 
were compared between participants with statin use throughout the study period ( EU group) and those without statin use throughout the study period ( NU group) on 
outcomes stratified by a baseline serum phosphate level > 5 and < 5 mg/dL. ( 3) Using subsets of the EU, D and NU groups, we evaluated the association with baseline 
statin usage on time-dependent serum phosphorus concentration. Those outcomes were compared between the EU and D groups and the NU group. ( 4) We assessed 

the association with history of statin use using subsets of the EU, D, AU and NU groups. Those outcomes were compared between the EU, D and AU groups and the 
NU group. ( b) Those outcomes were compared in terms of whether the interaction between phosphate and treatment affected the outcomes using Cox proportional 
hazards models with phosphate and statin considered as time-dependent covariates. 
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f hyperphosphatemia may benefit patients undergoing HD with 
 history of atherosclerotic cardiovascular disease or diabetic 
ephropathy [33 ]. Furthermore, associations between higher 
hosphate levels ( > 5 mg/dL) and mortality and CVEs were pre- 
iously reported [23 ]. Thus, this relationship was evaluated by 
aseline serum phosphate levels stratified for > 5 and < 5 mg/dL.

In estimating the nonlinear relationship between hazard 
atio ( HR) and serum phosphate concentration, a proportional 
azard model was used including an interaction term for the 
se of statins and serum phosphate concentration. A nonlinear 
elationship was estimated by fitting a restricted cubic spline 
f node 3 to the HR serum phosphate concentration. Addi- 
ionally, we estimated the nonlinear relationship between the 
R of statin use and serum phosphate concentration using a 
roportional hazard model with time-dependent variables that 
ncluded serum phosphate concentration and the presence or 
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Table 1: Baseline characteristics of enrolled patients according to statin usage. 

Item All ( n = 2135) NU group ( n = 1562) EU group ( n = 163) AU group ( n = 176) D group ( n = 234) 

Age, years 68.4 ( 9.6) 68.5 ( 9.7) 68.2 ( 9.1) 67.9 ( 9.3) 67.5 ( 9.0) 
Female sex, No. ( %) 864 ( 40.5) 605 ( 39) 65 ( 40) 78 ( 44) 116 ( 50) 
BMI after dialysis session, kg/m2 22.0 ( 3.7) 21.7 ( 3.6) 22.8 ( 3.4) 22.4 ( 3.5) 23.2 ( 4.3) 
Current smoker, No. ( %) 252 ( 11.8) 187 ( 12) 16 ( 9.8) 24 ( 14) 25 ( 11) 
Dialysis vintage, years 6.7 ( 6.4) 7.1 ( 6.6) 5.3 ( 5.8) 5.6 ( 5.5) 5.8 ( 5.8) 
Comorbid disease, No. ( %) 

Diabetes mellitus 1198 ( 56.1) 806 ( 52) 113 ( 69) 118 ( 67) 161 ( 69) 
Dyslipidemia 547 ( 25.6) 183 ( 12) 129 ( 79) 57 ( 32) 178 ( 76) 
Hypertension 1735 ( 81.3) 1265 ( 81) 129 ( 79) 150 ( 85) 191 ( 82) 
Peripheral artery disease 333 ( 15.6) 233 ( 15) 21 ( 13) 35 ( 20) 44 ( 19) 

Past medical history 
Ischaemic heart disease 
Coronary artery disease 163 ( 7.6) 101 ( 6.5) 23 ( 14) 13 ( 7.4) 26 ( 11) 
Myocardial infarction 97 ( 4.5) 46 ( 2.9) 18 ( 11) 16 ( 9.1) 17 ( 7.3) 
Unstable angina 120 ( 5.6) 83 ( 5.3) 11 ( 6.7) 11 ( 6.3) 15 ( 6.4) 
Coronary intervention 181 ( 8.5) 96 ( 6.1) 29 ( 18) 22 ( 13) 34 ( 15) 

Cerebrovascular disease 
Ischaemic stroke 203 ( 9.5) 129 ( 8.3) 19 ( 12) 24 ( 14) 31 ( 13) 
Haemorrhagic stroke 69 ( 3.2) 52 ( 3.3) 6 ( 3.7) 5 ( 2.8) 6 ( 2.6) 
Transient ischaemic attack 31 ( 1.5) 24 ( 1.5) 3 ( 1.8) 1 ( 0.6) 3 ( 1.3) 
Secondary hyperparathyroidism 867 ( 40.6) 625 ( 40) 60 ( 37) 83 ( 47) 99 ( 42) 

Drug therapy, No. ( %) 
Statin 397 ( 18.6) 
RAS inhibitors 918 ( 43.0) 650 ( 42) 81 ( 50) 81 ( 46) 106 ( 45) 
Aspirin 687 ( 32.2) 437 ( 28) 70 ( 43) 66 ( 38) 114 ( 49) 
Calcium carbonate 1583 ( 74.1) 1143 ( 73) 123 ( 76) 132 ( 75) 185 ( 79) 
Lanthanum carbonate 628 ( 29.4) 468 ( 30) 44 ( 27) 45 ( 26) 71 ( 30) 
Sevelamer hydrochloride 359 ( 16.8) 275 ( 18) 20 ( 12) 22 ( 13) 42 ( 18) 
Cinacalcet 361 ( 16.9) 264 ( 17) 24 ( 15) 31 ( 18) 42 ( 18) 
VDRAs 1435 ( 67.2) 1043 ( 67) 115 ( 71) 104 ( 59) 173 ( 74) 

Laboratory data 
Albumin, g/dL 3.7 ( 0.4) 3.7 ( 0.4) 3.7 ( 0.3) 3.7 ( 0.4) 3.8 ( 0.3) 
BUN before dialysis session, mg/dL 62.0 ( 14.0) 62.0 ( 14.1) 63.4 ( 15.1) 61.9 ( 14.4) 61.2 ( 13.0) 
Cr, mg/dL 10.3 ( 2.3) 10.3 ( 2.3) 10.2 ( 2.1) 10.1 ( 2.6) 10.2 ( 2.3) 
Corrected Ca, mg/dL 9.2 ( 0.7) 9.2 ( 0.7) 9.1 ( 0.6) 9.2 ( 0.7) 9.1 ( 0.6) 
Phosphorus, mg/dL 5.3 ( 1.3) 5.3 ( 1.3) 5.6 ( 1.5) 5.4 ( 1.4) 5.4 ( 1.2) 
Ca × P products, mg2 /dL2 48.8 ( 12.4) 48.6 ( 12.4) 50.6 ( 13.4) 49.6 ( 12.8) 48.8 ( 11.0) 
Intact parathyroid hormone, pg/mL 122.3 ( 79.6) 122.4 ( 81.9) 110.0 ( 61.4) 129.0 ( 77.1) 125.5 ( 76.5) 
n-PCR, g/kg/day a 0.9 ( 0.2) 0.9 ( 0.2) 1.0 ( 0.2) 0.9 ( 0.2) 0.9 ( 0.2) 
Kt/V b 1.6 ( 0.3) 1.6 ( 0.3) 1.6 ( 0.3) 1.6 ( 0.4) 1.5 ( 0.3) 
Alkaline phosphatase, IU/mL 240.5 ( 106.2) 242.7 ( 110.7) 233.2 ( 80.3) 245.3 ( 104.1) 234.9 ( 91.7) 
HbA1c, % 6.1 ( 1.2) 6.0 ( 1.1) 6.2 ( 1.1) 6.4 ( 1.0) 6.3 ( 1.4) 
Glucose, mg/dL 131.6 ( 47.1) 128.4 ( 43.7) 139.8 ( 54.4) 142.0 ( 53.6) 137.7 ( 54.4) 
C-reactive protein, mg/dL 0.4 ( 1.2) 0.4 ( 1.3) 0.2 ( 0.4) 0.4 ( 1.5) 0.2 ( 0.5) 
T-C, mg/dL 156.8 ( 33.8) 159.1 ( 33.9) 149.5 ( 34.0) 155.1 ( 37.5) 148.8 ( 27.7) 
LDL-C, mg/dL 84.8 ( 27.9) 86.9 ( 28.1) 76.9 ( 27.0) 86.6 ( 29.2) 76.3 ( 23.6) 
HDL-C, mg/dL 48.5 ( 16.3) 49.0 ( 17.0) 48.9 ( 14.7) 45.5 ( 13.8) 47.4 ( 14.1) 
Non-HDL-C, mg/dL 107.8 ( 31.4) 109.4 ( 31.4) 101.6 ( 31.8) 109.0 ( 35.2) 101.8 ( 26.6) 

Continuous data presented as mean ( standard deviation) , categorical data presented as No. ( %) . P -values were by Wilcoxon two-sample test for continuous data and 
Chi-square test for categorical data. 
a nPCR = C0 /( 36.3 + 5.48 × Kt /V + 53.5/Kt /V) + 0.168, where C0 : before dialysis BUN. 
b K t /V = −ln( Ce /Cs − 0.008 × td ) + ( 4–3.5 × Ce /Cs ) × �BW/BW, where Cs , before dialysis BUN; Ce , after dialysis BUN; td , dialysis duration ( h) ; �BW, change of body weight 
before and after dialysis; BW, after dialysis body weight. 
BMI, body mass index; VDRAs, vitamin D receptor activators; BUN, blood urea nitrogen; Cr, creatinine; Ca, calcium; P, phosphorus; n-PCR, normalized protein catabolic 
rate; T-C, total cholesterol; HDL-C, high density lipoprotein cholesterol. 
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bsence of statin use. The assumption of proportional hazard 
s confirmed by the Schoenfeld individual test and Schoenfeld 
esidual plots.

All analyses were performed using SAS version 9.4 ( SAS In- 
titute, Cary, NC, USA) and R version 4.3.1, and the significance

evel was set to P < .05 ( 2-tailed) . r  
ESULTS 

aseline patient characteristics 

his analysis included 2135 patients with baseline and follow-
p data. After a median follow-up of 3.2 years, the incidence
ates of CVEs were 4.8 in the LC group and 4.3 in the CC group.
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Figure 2: Cumulative survival rates of outcomes for each group. During the follow-up period, CVEs were observed in 281 patients, cardiovascular death in 97 patients, 
atherosclerotic events in 137 patients and all-cause death in 307 patients. The log-rank test revealed no significant differences between the groups for any of these four 
outcomes: ( a) cardiovascular events; ( b) cardiovascular death; ( c) atherosclerotic events; and ( d) all-cause death. The P -value of the log-rank test for the four groups 
are shown. 

Table 2: Numbers of events for statin usage and outcomes. 

NU group ( n = 1562) EU group ( n = 163) AU group ( n = 176) D group ( n = 234) 

Outcome Number 
Incidence rate 
( per 100 PYs) Number 

Incidence rate 
( per 100 PYs) Number 

Incidence rate 
( per 100 PYs) Number 

Incidence rate 
( per 100 PYs) 

CVEs 202 4.56 20 4.79 26 4.52 33 4.39 
Cardiovascular 70 1.51 8 1.82 12 1.98 7 0.88 
death 
Atherosclerotic events 101 2.24 14 3.31 10 1.70 12 1.54 
All-cause 237 5.12 23 5.23 23 3.80 24 3.00 
death 

PYs, person-years. 
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aseline characteristics of the cohort ( n = 2135) are shown in 
able 1 . The average age was 68.4 ± 9.6 years, 40.5% were fe- 
ale and the mean dialysis vintage was 6.7 ± 6.4 years. Statin 

herapy was discontinued in 234 ( 11.0%) patients in the D group.
he remaining 1901 patients were divided into the NU ( n = 1562; 
3.2%) , EU ( n = 163; 7.6%) and AU groups ( n = 176; 8.2%) ( Fig. 1 a) .
ompared with the NU group, the AU group had a shorter dial- 
sis vintage, higher prevalence of comorbidities, and greater 
roportions of patients with history of myocardial infarction,
oronary intervention and ischaemic stroke. Compared with the 
 group, the EU group had a shorter dialysis vintage, higher 
revalence of comorbidities, and greater proportions of patients 
ith history of coronary artery disease, myocardial infarction 
nd coronary intervention. Among the four groups, 38%, 28%,
9% and 43% of patients in the AU, NU, D and EU groups were
rescribed aspirin, respectively. At baseline, the mean LDL-C 

evels were 86.9, 76.9, 86.6 and 76.3 mg/dL in the NU, EU, AU
nd D groups, respectively. After 1 year, the mean LDL-C levels 
ere 81.2 mg/dL in the AU group ( mean change from baseline,
5.2 mg/dL) , 76.5 mg/dL in the EU group ( mean change from base- 
ine, –2.2 mg/dL) and 77.4 mg/dL in the D group ( mean change 
rom baseline, 1.1 mg/dL) ( Supplementary data, Fig. S1) . 

ssociation between statin use and outcomes 

igure 2 shows the cumulative event incidence curves for each 
vent in the NU, EU, AU and D groups, and the results of the
og-rank test for the four groups. Table 2 shows d the number of 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf151#supplementary-data
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Table 3: HRs for study outcomes stratified by group. 

EU group ( n = 163) AU group ( n = 176) D group ( n = 234) 
Outcome NU group ( n = 1562) HR ( 95% CI) HR ( 95% CI) HR ( 95% CI) 

CVEs Non-adjusted Ref 1.04 ( 0.66–1.65) 1.00 ( 0.66–1.50) 0.97 ( 0.67–1.41) 
Adjusted Ref 0.90 ( 0.55–1.47) 0.98 ( 0.64–1.51) 0.96 ( 0.65–1.44) 

Cardiovascular 
death 

Non-adjusted Ref 1.21 ( 0.58–2.52) 1.30 ( 0.70–2.40) 0.57 ( 0.26–1.25) 

Adjusted Ref 0.90 ( 0.39–2.11) 1.27 ( 0.66–2.44) 0.47 ( 0.18–1.17) 
Atherosclerotic 
events 

Non-adjusted Ref 1.47 ( 0.84–2.57) 0.76 ( 0.40–1.45) 0.69 ( 0.38–1.26) 

Adjusted Ref 1.26 ( 0.69–2.28) 0.77 ( 0.40–1.48) 0.59 ( 0.30–1.14) 
All-cause death Non-adjusted Ref 1.04 ( 0.68–1.60) 0.73 ( 0.48–1.12) 0.58 ( 0.38–0.88) 

Adjusted Ref 0.91 ( 0.57–1.45) 0.69 ( 0.44–1.09) 0.63 ( 0.40–0.99) 

Adjusted HR and 95% CI were calculated using a proportional hazards model that included age, sex, smoking status, diabetes, history of cardiovascular disease, usage 

of RAS inhibitors at baseline, and baseline values of systolic blood pressure, corrected calcium, intact parathyroid hormone, alkaline phosphatase, albumin and serum 

phosphorus. 
PYs, person-years; Ref, reference. 

Table 4: HRs for the association between patterns of statin use and clinical outcomes. 

Time-dependent 
statin use EU group vs NU group 

EU and D group vs NU 

group 
EU and D and AU group vs 

NU group 
Outcome HR ( 95% CI) HR ( 95% CI) HR ( 95% CI) HR ( 95% CI) 

CVEs 1.13 ( 0.83–1.54) 0.92 ( 0.56–1.51) 0.93 ( 0.67–1.29) 0.95 ( 0.72–1.26) 
Cardiovascular 
death 

0.76 ( 0.42–1.38) 0.89 ( 0.38–2.09) 0.60 ( 0.31–1.17) 0.85 ( 0.51–1.40) 

Atherosclerotic 
events 

1.07 ( 0.69–1.65) 1.25 ( 0.69–2.27) 0.83 ( 0.52–1.34) 0.81 ( 0.54–1.22) 

All-cause death 0.65 ( 0.46–0.92) 0.92 ( 0.58–1.47) 0.75 ( 0.53–1.05) 0.73 ( 0.55–0.98) 

The HR ( 95% CI) of statin use was adjusted by a proportional hazards model with age, sex, smoking status, diabetes, history of cardiovascular disease, usage of 

RAS inhibitors at baseline, and baseline values of systolic blood pressure, corrected calcium, intact parathyroid hormone, alkaline phosphatase, albumin and time- 
dependent serum phosphorus. 

e  

fi  

t  

c
t  

4  

f
o  

y  

E  

n
P  

a
2  

a  

f  

i
e  

i  

o  

g
i  

l  

a
D
r  

a  

u  

C  

d  

h  

w  

n  

l

A
a

W  

i
u  

l  

w  

e
1  

c  

0
2  

d  

P

A
t

U  

s  
vents and incidence rates. Table 3 shows the HRs and 95% con-
dence intervals ( CIs) , with the NU group as the control. During
he follow-up period, 281 patients developed CVEs, and the in-
idence rate ( per 100 person-years) for each group was 4.56 for 
he NU group, 4.79 for the EU group, 4.52 for the AU group and
.39 for the D group, with no difference observed between the
our groups ( Log-rank test P = .997) . Cardiovascular death was 
bserved in 97 patients, and the incidence rate ( per 100 person-
ears) for each group was 1.51 for the NU group, 1.82 for the
U group, 1.98 for the AU group and 0.88 for the D group, with
o difference observed between the four groups ( Log-rank test 
 = .341) . Atherosclerotic events were observed in 137 patients,
nd the incidence rate ( per 100 person-years) for each group was 
.24 for the NU group, 3.31 for the EU group, 1.70 for the AU group
nd 1.54 for the D group, with no difference observed across the
our groups ( log-rank test P = .209) . All-cause death was observed
n 307 patients, and the incidence rate ( per 100 person-years) for 
ach group was 5.12 in the NU group, 5.23 in the EU group, 3.80
n the AU group and 3.00 in the D group, and a difference was
bserved in all four groups ( Log-rank test P = .037) . In the EU
roup, the incidence of atherosclerotic events was higher than 
n the NU group. In the AU group, the incidence of cardiovascu-
ar death was higher than in the NU group, and the incidence of
therosclerotic events and all-cause mortality was lower. In the 
 group, the incidence of CVEs, cardiovascular death, atheroscle- 
otic events and all-cause death was lower than in the NU group,
nd the 95% CI for the HR for all-cause death, both adjusted and
nadjusted, did not exceed 1. Table 4 shows the HRs and 95%
Is for the associations between statin use and outcomes by
ifferent statin usage. In brief, time-dependent statin use and
istory of statin use ( EU, D and AU groups vs the NU group)
ere linked with a reduction in all-cause mortality. However,
o significant association was identified for CVEs, cardiovascu-
ar death or atherosclerotic events. 

ssociation between baseline serum phosphate level 
nd outcomes 

e examined the association of statin usage between partic-
pants with ( the EU group) and without ( the NU group) statin 
se throughout the study period on outcomes stratified by base-
ine serum phosphate level > 5 and < 5 mg/dL. Each outcome
as evaluated by dividing the baseline serum phosphate lev-
ls ( Fig. 3 ) . The HRs were as follows: CVEs, 1.00 ( 95% CI 0.54–
.87; P = .860) and 1.13 ( 95% CI 0.57–2.24; P = .860) ; cardiovas-
ular death, 0.90 ( 95% CI 0.27–2.94; P = .620) and 1.61 ( 95% CI
.63–4.08; P = .620) ; atherosclerotic events, 1.27 ( 95% CI 0.58–
.81; P = .180) and 1.79 ( 95% CI 0.81–3.95; P = .180) ; and all-cause
eath, 0.67 ( 95% CI 0.34–1.32; P = .860) and 1.67 ( 95% CI 0.96–2.92;
 = .860) .

ssociation of time-dependent serum phosphate with 

he outcomes 

sing subsets of the EU and NU groups, we estimated the
pline curve of the HR for the presence or absence of statin
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Figure 3: Interaction between baseline serum phosphate levels and statin use for outcomes. The findings indicate that statin use was not significantly associated 

with CVEs, cardiovascular death, atherosclerotic events or all-cause mortality, irrespective of baseline serum phosphate levels. ( a , b) Cardiovascular events. ( c , d) 
Cardiovascular death. ( e , f) Atherosclerotic events. ( g , h) All-cause death. The HR, 95% CI and P -value of log-rank test are shown. 
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Figure 4: Effect of statins on outcomes for different values of time-dependent phosphate levels and statin use. Except for all-cause death, the log HR showed a 
monotonic decrease in serum phosphate concentration to < 5.0 mg/dL in all events. There were no significant differences in any of the events. ( a) Cardiovascular 
events. ( b) Cardiovascular death. ( c) Atherosclerotic events. ( d) All-cause death. Models contained the interaction between time-dependent statin treatment and time- 
dependent serum phosphate levels and were adjusted for age, sex, smoking status, diabetes mellitus, history of cardiovascular disease, usage of RAS inhibitors at 

baseline, and baseline values of systolic blood pressure, corrected calcium, intact parathyroid hormone, alkaline phosphatase, albumin and serum phosphorus. 

Table 5: HRs for time-dependent statin usage and outcomes by serum phosphate concentration. 

Outcome Log HR for 3.5 mg/dL Log HR for 5 mg/dL Log HR for 6.5 mg/dL Log HR for 8.0 mg/dL 

CVEs –0.34 ( –1.10; 0.41) 0.19 ( –0.19; 0.58) 0.28 ( –0.10; 0.66) 0.18 ( –0.56; 0.93) 
Cardiovascular death –0.05 ( –1.05; 0.95) 0.05 ( –0.71; 0.82) –0.81 ( –1.96; 0.34) –2.11 ( –5.03; 0.81) 
Atherosclerotic events –1.02 ( –2.59; 0.54) 0.14 ( –0.40; 0.68) 0.27 ( –0.27; 0.82) –0.03 ( –1.26; 1.19) 
All-cause death –0.18 ( –0.72; 0.35) –0.50 ( –0.95; –0.05) –0.57 ( –1.03; –0.11) –0.52 ( –1.28; 0.24) 

Data presented as HR ( 95% CI) . Models contained the interaction between time-dependent statin treatment and time-dependent serum phosphate levels and were 
adjusted for age, sex, smoking status, diabetes, history of cardiovascular disease, usage of RAS inhibitors at baseline, and baseline values of systolic blood pressure, 

corrected calcium, intact parathyroid hormone, alkaline phosphatase, albumin and serum phosphorus. 
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se on serum phosphorus concentration, adjusting for age, sex,
moking status, DM and history of cardiovascular disease, with 
erum phosphorus concentration as a time-dependent variable 
 Supplementary data, Fig. S2) . For all events, the HR showed a 
onotonic decrease up to a serum phosphate concentration of 
 5.0 mg/dL. However, there were no significant differences in
ny of the events, with P = .41 for CVEs, P = .54 for cardio-
ascular death, P = .10 for atherosclerotic events and P = .89
or all-cause mortality. Supplementary data, Table S1 shows the 
og HR and 95% CI for phosphate concentrations of 3.5, 5.0, 6.5
nd 8.0 mg/dL. Similarly, using subsets of the EU, D and NU
roups, we evaluated the association with baseline statin usage 
n serum phosphorus concentration, but no statistically signifi- 
ant difference was found for each event ( Supplementary data,
ig. S3 and Table S2) . Furthermor e, we assessed the associa- 
ion with history of statin use using subsets of the EU, D, AU
nd NU groups. However, no statistically significant difference 
as found for each event ( Supplementary data, Fig. S4 and 
able S3) . 

ssociation of time-dependent serum phosphate and 

tatin use variations with the outcomes 

ecause statin use was time-dependent, we analysed all 2135
ases, adding time-dependent statin use as a time-dependent
ariable to the proportional hazards model described above.
he estimated spline curve of the HR for the presence or ab-
ence of statin use in relation to serum phosphorus concen-
ration is shown in Fig. 4 . Except for all-cause death, the HR
howed a monotonic decrease in serum phosphate concentra-
ion to < 5.0 mg/dL in all events ( Table 5 ) . There were no signifi-
ant differences in any of the events, with P = .38 for CVEs, P = .40
or cardiovascular death, P = .33 for atherosclerotic events,and

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf151#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf151#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf151#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf151#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf151#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf151#supplementary-data
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 = .55 for all-cause death. Table 4 shows the log HR and 95% CI
or phosphate concentrations of 3.5, 5.0, 6.5 and 8.0 mg/dL. 

ISCUSSION 

n this study, time-dependent statin use and history of statin 
se ( EU, D and AU groups vs the NU group) were associated with 
ower risk of all-cause death in Japanese patients undergoing 
D. Next, we investigated the association of time-dependent 
erum phosphate levels and time-dependent statin therapy 
ith CVEs and all-cause death. Despite observing a trend 
owards a decreased risk of CVEs and atherosclerotic events for 
ime-dependent phosphate levels < 5 mg/dL during the statin 
rescription period, this trend was not statistically significant 
nd there was no significant association between statin use 
nd serum phosphate levels for CVEs, cardiovascular death,
therosclerotic events or all-cause death in this study popu- 
ation. Caution must be used when interpreting this finding 
ecause of the small number of outcomes regardless of statin 
se ( Table 2 ) . 
Statins are also effective for the primary or secondary pre- 

ention of CVEs in the general population. However, based on 
revious landmark RCTs [7 –9 ], the KDIGO 2013 lipid manage- 
ent guideline suggested neither initiating nor discontinuing 
tatins for the primary prevention of CVEs in patients on HD 

3 ]. More recent lipid management guidelines provide no rec- 
mmendations regarding statin therapy for patients on dialysis 
5 , 34 ]. However, in our cohort, time-dependent statin use and 
istory of statin use ( EU, D and AU groups vs the NU group) 
ere linked to a reduction in all-cause mortality. Similar re- 
ults have been reported in other retrospective studies. A re- 
ent retrospective study from Japan showed that statin therapy 
as associated with a reduced risk of all-cause and cardiovas- 
ular death, irrespective of the magnitude of the LDL-lowering 
ffect [16 ]. South Korean nationwide claims data of incident dial- 
sis patients showed that statin initiation was associated with 
 lower risk of all-cause mortality in statin-naïve patients with 
nd-stage kidney disease [35 ]. Two observational studies from 

aiwan showed a beneficial effect of statins in reducing the risk 
f all-cause mortality following myocardial infarction [15 , 17 ].
n the A Study to Evaluate the Use of Rosuvastatin in Subjects 
n Regular Hemodialysis: An Assessment of Survival and Car- 
iovascular Events ( AURORA) trial, which focused on patients 
ndergoing HD, rosuvastatin significantly lowered LDL levels; 
owever, this did not translate into improved outcomes [8 ]. How- 
ver, a post-hoc analysis involving patients with DM showed re- 
uced fatal and non-fatal cardiac events [18 ]. Similarly, in the 
ie Deutsche Diabetes Dialyse Studie ( 4D) trial targeting pa- 
ients with diabetes on HD, atorvastatin failed to initially affect 
utcomes, although subsequent analysis revealed reduced fa- 
al and non-fatal cardiac events and overall mortality in those 
ith LDL levels > 145 mg/dL, indicating a high risk [19 ]. Incon- 
istent results have been reported regarding the association be- 
ween statin administration and survival in patients undergoing 
D. We hypothesized that negative results in previous landmark 
CTs were influenced by the inclusion of patients who were un- 
ikely to benefit from statin therapy. 

Hyperphosphatemia is associated with an increased risk of 
VEs, including myocardial infarction, congestive heart fail- 
re, sudden death and peripheral arterial disease [36 , 37 ].
yperphosphatemia induces endothelial dysfunction by blunt- 
ng nitric oxide synthesis, which accelerates hypertension and 
therosclerosis [38 ]. Hyperphosphatemia also drives vascular 
alcification via the formation and maturation of calciprotein 
articles and other cell-mediated calcification processes by 
odium-phosphate co-transporters [39 , 40 ]. A recent RCT tar- 
eting patients with hyperphosphatemia on HD showed that 
trict phosphate control using phosphate binders reduced the 
rogression of coronary arterial calcification compared with 
on-strict phosphate control [32 ]. Recently, hyperphosphatemia 
as been reported to be associated with lipid metabolism. An- 
ther study revealed the mechanism underlying the link be- 
ween phosphate and cholesterol metabolism [24 ]. Phosphate 
ncorporated into vascular smooth muscle cells modulates α- 
annosidase II-mediated glycosylation status of sterol regula- 

ory element binding protein 2 ( SREBP2) cleavage-activating pro- 
ein, a sensor of intracellular cholesterol pool, which activates a 
ranscription factor, SREBP2, and enhances transcription of the 
arget genes of SREBP2, including HMG-CoA reductase and LDL- 
 receptor. These findings may explain the clinical observations 
nd suggest a possible link between phosphate and atheroscle- 
osis. Since Niemann-Pick C1-like 1, an intestinal cholesterol 
ransporter, is one of the targets of SREBP2, hyperphosphatemia 
ay result in increased intestinal cholesterol absorption [41 , 42 ].
 recent clinical study revealed an independent association be- 
ween serum phosphate and campesterol levels, a marker of in- 
estinal cholesterol absorption, in patients with kidney failure 
ndergoing HD [43 ]. These reports have suggested that the pro- 
ective effect of statins on cardiovascular outcomes may be at- 
enuated in subgroups of patients with increased cholesterol ab- 
orption and elevated serum phosphate levels. However, while 
he potential mechanisms linking phosphate and cholesterol 
etabolism are intriguing, they remain largely speculative. 
Our study showed that time-dependent statin use and time- 

ependent phosphate levels were not associated with reduced 
utcomes. Massy et al . showed that the association between 
tatin therapy and CVEs and all-cause mortality appeared to dif- 
er depending on time-dependent serum phosphate concentra- 
ions in a post-hoc analysis of the AURORA and 4D trials [23 ].
he lower the serum phosphate level, the greater the protec- 
ive association between statin therapy for CVEs and all-cause 
ortality. However, the statistical interaction was only signifi- 
ant for the treatment effects on all-cause mortality. Compared 
ith the major trials ( e.g. 4D, AURORA and Study of Heart and 
enal Protection [SHARP]) , our cohort had lower event rate older 
atients, lower serum albumin levels, fewer patients with di- 
betic nephropathy and lower incidence of CVEs—all factors 
hat may help explain the null results related to the time- 
ependent phosphate levels. The lack of statistically significant 
ndings may be due to the low event rates and limited statis-
ical power, as well as the small effect size in this population.
herefore, it may not have had sufficient power to detect differ- 
nces in outcomes [27 , 28 ]. When the analyses were repeated 
sing the baseline serum phosphate concentrations analysed 
 phosphate level < 5 or ≥5 mg/dL) , the findings were direction- 
lly similar, although the test for statistical interaction was non- 
pecific for either outcome. The results of the latter analyses 
id not differ after adjusting for time-dependent LDL concen- 
rations. Notably, the findings could not be replicated in the 4D 

rial. Therefore, the lack of clear significant results prevents a 
efinitive conclusion. Given the null findings of this study, fu- 
ure research should focus on exploring alternative phosphate 
anagement strategies and their impact on cardiovascular out- 
omes in haemodialysis patients. In a post-hoc analysis of RAS 
nhibitors using the same cohort [44 ], there was an association 
etween serum phosphate levels and CVEs. However, it should 
e noted that the HR for CVEs did not increase even when serum
hosphate levels increased in this study. Randomized controlled 
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rials evaluating the efficacy of stricter phosphate control [32 , 45 ]
r the use of novel phosphate binders [46 ] with statin use could
rovide insights into optimizing treatment protocols. Further- 
ore, a recent Japanese nationwide prospective cohort study 

eported that intensive phosphate management may provide 
reater benefits in patients with a history of atherosclerotic 
ardiovascular disease or diabetic nephropathy. Additionally,
ecause the extent of benefit from reduced phosphate levels de-
ends on serum albumin in the oldest-old population, a multi-
aceted approach that considers age and nutritional status may 
e needed to manage serum phosphate optimally [33 ]. In our co-
ort, 16.8% of patients were using sevelamer hydrochloride. This 
hosphate binder lowers cholesterol by binding bile acids in the
ut, which reduces their reabsorption. This process leads to a de-
rease in serum LDL-C and total cholesterol levels [47 , 48 ]. How-
ver, we did not perform a sub-analysis due to the small number
f patients. Hence, future studies should adopt a multi-layered 
esign that ( i) stratifies patients by age, diabetic status and nutri- 
ional status; ( ii) integrates advanced calcification imaging ( e.g.
oronary CT Agatston score) together with time-weighted mean 
hosphate levels; and ( iii) conducts randomized factorial trials 
hat compare ( a) intensive phosphate control ( target < 5 mg/dL) 
ith vs without statin therapy and ( b) lipophilic vs hydrophilic 
tatins. Such an approach would better stratify cardiovascular 
isk in this population and may yield more targeted therapeutic
pproaches. 

This study has several limitations. First, as this was a
ub-analysis of the LANDMARK trial [27 , 28 ], patients were
ot randomly assigned to the statin use or non-user groups.
he time of initiation, duration, type, dose of preprocedural 
tatin therapy, adverse effects, statin adherence and the rea- 
ons for statin withdrawal after dialysis initiation were not 
ell documented. Unlike hydrophilic statins, lipophilic statins 
ay inhibit the enzymatic activity of UbiA prenyltransferase 
omain-containing protein 1, an enzyme which plays an im- 
ortant role in vitamin K2 synthesis [49 ]. Therefore, lipophilic
tatins may accelerate arterial calcification by depleting vas- 
ular vitamin K2 levels, increasing uncarboxylated matrix-Gla 
rotein levels [50 ]. Additionally, the variability in adherence 
o prescribed treatments and its potential impact on serum 

hosphate levels, lipid profiles and cardiovascular outcomes 
ould not be evaluated. This variability introduces a potential 
onfounding factor which we could not account for in this study.
econd, dietary protein intake and phosphate binder dosage 
ere not incorporated into the covariates. Dietary phosphate 

ntake significantly influences serum phosphate levels and,
long with binder dosage, can impact cardiovascular outcomes.
owever, these data were not collected in the LANDMARK 

rial, underscoring the need for future studies to include such
ariables to better understand their role in statin use and car-
iovascular risk. Third, our results are based on a single ethnic
opulation from a single country. To enhance the applicability of
ur findings, future research should aim to validate these results
n diverse populations, including those from multi-ethnic co- 
orts and varied geographic regions. Conducting international 
ulticentre studies or meta-analyses pooling data from differ- 
nt settings would be valuable in confirming the robustness of
ur observations across heterogeneous patient populations. 

In conclusion, this study showed that time-dependent statin 
se was associated with a lower risk of all-cause death
n Japanese patients on HD. However, statin use and time-
ependent serum phosphate levels were not significantly as- 
ociated with a lower risk of CVEs, cardiovascular death,
therosclerotic events or all-cause mortality. 
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