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Abstract
Background  High serum alkaline phosphatase (ALP) levels are associated with excess all-cause and cardiovascular mortality 
in patients undergoing hemodialysis (HD). However, the long-term relationship between serum ALP levels and infection-
related mortality remains unclear.
Methods  A total of 3502 maintenance HD patients were registered in the Q-Cohort Study, an observational cohort study 
in Japan. The primary outcome was infection-related mortality during a 10-year follow-up period. The covariate of interest 
was serum ALP levels at baseline. The association between serum ALP levels and infection-related mortality was calculated 
using a Cox proportional hazards model and a Fine–Gray subdistribution hazards model with non-infection-related death 
as a competing risk.
Results  During the follow-up period, 446 patients died of infection. According to their baseline serum ALP levels, the 
patients were categorized into sex-specific quartiles (Q1–Q4). Compared with patients in the lowest serum ALP quartile (Q1), 
those in the highest quartile (Q4) had a significantly higher multivariable-adjusted hazard ratio (HR) of 1.70 [95% confidence 
interval (CI) 1.24–2.32] for infection-related mortality. Furthermore, the HR for every 50 U/L increase in serum ALP levels 
was 1.24 (95% CI 1.12–1.36) for infection-related mortality. These associations remained consistent in the competing risk 
model: subdistribution HR, 1.47; 95% CI 1.07–2.03 for Q4 compared with Q1.
Conclusion  Higher serum ALP levels were significantly associated with a higher risk of infection-related mortality in patients 
undergoing HD.
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Introduction

The prevalence of mortality in hemodialysis (HD) patients is 
unacceptably high compared with that of the general popu-
lation [1, 2]. Infection is one of the major leading causes 
of death in HD patients, accounting for 20.8% of the total 
[3]. Accumulating evidence has shown several risk factors 
for infectious disease in this population, such as older age, 

longer duration on HD, diabetes mellitus, or lower serum 
albumin [4, 5]. There is an urgent need to identify other 
modifiable risk factors for infection-related mortality to 
improve the prognosis of HD patients.

Alkaline phosphatase (ALP) is a membrane-bound 
enzyme that catalyzes the hydrolysis of organic pyrophos-
phate and is used as a marker of high bone turnover during 
the management of chronic kidney disease-mineral bone 
disorders (CKD-MBD) in daily practice [6–9]. High serum 
ALP levels often reflect less effective management of CKD-
MBD and have been reported to be associated with a higher 
risk of mortality. There have been several reports that high 
serum ALP levels are associated with higher all-cause mor-
tality and a higher prevalence of cardiovascular disease in 
HD patients [10–18]. Besides, there is evidence that high 
serum ALP levels may represent an immune response to 
infection [19]. However, little is known about the association 
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between serum ALP levels and infection-related mortality, 
and previous studies included a relatively brief follow-up 
period [9, 20, 21].

The present study, therefore, aimed to determine the rela-
tionship between serum ALP levels and infection-related 
mortality using 10-year follow-up data for Japanese HD 
patients registered in the Q-Cohort Study [22–24].

Materials and methods

Study population

The details of the design of the Q-Cohort Study were pro-
vided elsewhere [22–24]. In the present study, we recruited 
3,598 HD outpatients aged ≥ 18 years who attended 39 
dialysis facilities between December 2006 and December 
2007. The participants were followed until December 2016. 
We excluded participants for whom baseline data or out-
comes were not available (n = 96); therefore, the remain-
ing 3502 patients were enrolled. The study protocol was 
approved by the Clinical Research Ethics Committee of the 
Institutional Review Board at Kyushu University (Approval 
Number 20-31) and all the participating institutions. Written 
informed consent was obtained from all the participants at 
the start of the study, which was performed according to the 
principles of the Declaration of Helsinki. The ethics commit-
tees of the participating institutions waived the requirement 
for written informed consent for the additional follow-up 
surveys conducted during 2011–2016, because of the retro-
spective nature of the study. The study was registered in the 
University Hospital Medical Information Network (UMIN) 
clinical trial registry (UMIN ID: 000000556).

Outcomes

The primary outcome was infection-related mortality. Infec-
tion-related mortality was defined as death from pulmonary 
infection, sepsis, lower limb infection, cholecystitis/chol-
angitis, vascular access/catheter-related infection, enteritis, 
infectious endocarditis, urinary tract infection, cyst infec-
tion, cellulitis, or others [25]. The secondary outcome was 
all-cause mortality. The events were collected from the 
patients’ medical records. Patient health status was deter-
mined annually by local physicians at each HD facility, and 
by mail or telephone for patients who had started attending 
other facilities that were not participating in the study.

Measurements

The details of the assessments of risk factors have been 
previously published [22–24]. Briefly, demographic infor-
mation [e.g., age, sex, causes of end-stage kidney disease 

(e.g., diabetic nephropathy), and HD vintage] and clini-
cal data [e.g., hemoglobin, serum levels of ALP, albumin, 
C-reactive protein (CRP), corrected calcium, phosphate, 
and parathyroid hormone (PTH), body weight, Kt/V, and 
systolic blood pressure (BP)] were collected at baseline. 
Serum levels of ALP were measured using the Japan Society 
of Clinical Chemistry (JSCC) method and described using 
the International Federation of Clinical Chemistry (IFCC) 
method: the following equation was used to convert between 
the JSCC method and IFCC method: ALP (IFCC method, 
U/L) = 0.35 × ALP (JSCC method, U/L) [26, 27]. The cor-
rected calcium concentration was calculated using Payne’s 
formula, as follows: corrected calcium (mg/dL) = observed 
total calcium (mg/dL) + (4.0—serum albumin concentration 
(g/dL)), if the serum albumin level was < 4 g/dL [28]. Serum 
PTH was measured using whole or intact PTH assays: the 
following equation was used to convert between these: intact 
PTH (pg/mL) = 1.7 × whole PTH (pg/mL) [29]. The physi-
cians at each HD facility reported on the use of calcium-
containing phosphate binders, sevelamer hydrochlorides, 
vitamin D receptor activators, and antihypertensive drugs, 
and on the patient history of cardiovascular events, parathy-
roidectomy, and bone fracture. The history of cardiovascular 
events included of cerebrovascular disease, coronary artery 
disease, congestive heart failure, and peripheral vascular 
disease. Body weight was measured in light clothing, with-
out shoes. Dialysis doses were measured using a single-pool 
Kt/V for the urea method. BP measured before dialysis was 
collected from the dialysis records. Laboratory data were 
recorded for blood samples collected prior to dialysis. The 
cardiothoracic ratio was calculated from a standard chest 
radiograph.

Statistical analysis

Baseline data, stratified according to sex-specific quartile of 
serum ALP levels, are presented as a median and interquar-
tile range, or number and percentage, and their distributions 
were compared using trend analysis. The Cochran–Armitage 
and the Jonckheere–Terpstra tests were used to determine 
the P-values for trends in categorical and continuous vari-
ables, respectively. Infection-related and all-cause mortality, 
stratified according to serum ALP quartile, were described 
using the Kaplan–Meier methods and compared using the 
log-rank tests.

Unadjusted, age- and sex-adjusted, and multivariable-
adjusted hazard ratios (HRs) with 95% confidence intervals 
(CIs) for infection-related and all-cause mortality, stratified 
according to serum ALP levels, were calculated using a Cox 
proportional hazards model. The assumption of the propor-
tional hazards analysis was checked graphically using the log 
cumulative hazard plots for each outcome, stratified accord-
ing to serum ALP levels, and tested using an analysis of 
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Schoenfeld residuals [30]. The multivariable-adjusted model 
was adjusted for age; sex; the presence of diabetic nephropa-
thy; the history of cardiovascular events, bone fractures, or 
parathyroidectomy; HD vintage; body weight; Kt/V; systolic 
BP; cardiothoracic ratio; blood hemoglobin concentration; 
serum albumin, CRP, corrected calcium, phosphate, and 
PTH concentrations; and use of calcium-containing phos-
phate binders, sevelamer hydrochlorides, vitamin D receptor 
activators, or antihypertensive agents. These variables were 
included based on a priori clinical judgment and previous 
findings. To confirm the robustness of the results obtained 
by the variable selection, the data were analyzed by the alter-
native variables selected using the Cox proportional hazard 
model and stepwise backward elimination with a P-value 
of < 0.05 for the remaining variables. Age and sex were 
included as initial candidate variables. To obtain a reliable 
estimate for each subgroup, serum ALP level was modeled 
as a continuous variable, and HRs are reported for each 
50-U/L increment. The association between serum ALP lev-
els and infection-related mortality was also assessed using a 
Fine–Gray proportional subdistribution hazards model with 
non-infection-related death as a competing risk.

Potential interactions were formally tested by including 
relevant interaction terms. Heterogeneity in the correlations 
between subgroups was determined by adding a multipli-
cative interaction term to the relevant Cox model for each 
50-U/L increment.

Furthermore, multivariable-adjusted associations 
between serum ALP levels and infection-related mortal-
ity (HRs and 95% CIs) were plotted using restricted cubic 
spline curves. We used four knots located at the 5th, 35th, 
65th, and 95th percentiles of serum ALP levels as previ-
ously recommended [31]. Age; HD vintage; body weight; 
Kt/V; systolic BP; cardiothoracic ratio; blood hemoglobin 
concentration; and serum albumin, CRP, corrected cal-
cium, phosphate, and PTH concentrations were used as the 

spline terms. The value of 81.6 U/L, which was the overall 
median serum ALP level, was chosen as the reference for 
each spline plot.

Statistical analyses were performed using SAS software, 
version 9.4 (SAS Institute, Cary, NC, USA) and R statisti-
cal software, version 3.2.4 (R Foundation for Statistical 
Computing, Vienna, Austria). A two-tailed P value < 0.05 
was considered to represent statistical significance.

Results

Distribution of serum ALP levels, stratified 
according to sex

Histograms demonstrating the distributions of serum ALP 
levels according to sex are shown in Fig. 1 and show right-
skewed distributions in both male and female patients. 
Female patients (median value, 88.6 U/L) had higher serum 
ALP levels than male patients (median value, 77.7 U/L).

Baseline characteristics, stratified according 
to sex‑specific quartile of serum ALP levels

The baseline characteristics of patients, stratified accord-
ing to the sex-specific quartile of serum ALP levels, are 
listed in Table 1. Patients with higher ALP levels were 
older; more likely to have a history of cardiovascular 
events or bone fracture, and to have been undergoing HD 
for longer; had higher cardiothoracic ratios. Serum CRP 
and PTH concentrations also increased with serum ALP. In 
contrast, blood hemoglobin concentration, serum albumin-
corrected calcium, and serum phosphate decreased with 
increases in serum ALP levels.

Fig. 1   Histograms of serum ALP levels, stratified according to sex. ALP alkaline phosphatase
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Table 1   Baseline patient characteristics, stratified according to sex-specific quartile of serum ALP levels

Baseline data are expressed as median (interquartile range) or number (percentage). A two-tailed p value < 0.05 was considered to represent sta-
tistical significance. Conversion factors for units: C-reactive protein in mg/dL to nmol/L, × 9.524; cholesterol in mg/dL to mmol/L, × 0.0259; urea 
nitrogen in mg/dL to mmol/L, × 0.357; creatinine in mg/dL to mmol/L, × 88.4; corrected calcium in mg/dL to mmol/L, × 0.25; phosphate in mg/
dL to mmol/L, × 0.323. ALP alkaline phosphatase, CRP C-reactive protein, ESAs erythropoiesis-stimulating agents, nPCR normalized protein 
catabolic rate, PTH parathyroid hormone, PTX parathyroidectomy, Q quartile, VDRAs vitamin D receptor activators

Sex-specific quartiles of serum ALP levels (U/L)

Q1 Q2 Q3 Q4

Male < 60.6 60.6 ≤ < 77.7 77.7 ≤ < 101.2 101.2 ≤

Female < 68.3 68.3 ≤ < 88.6 88.6 ≤ < 119.4 119.4 ≤

Total (n = 3502) n = 864 n = 875 n = 883 n = 880 p for trend

Demographics and comorbidities
Age, years 64.2 (55.9–72.8) 59.6 (51.6–69.3) 63.6 (55.8–72.0) 66.4 (57.7–74.2) 66.2 (57.8–74.4) < 0.001
Female sex 1426 (40.7) 354 (41.0) 357 (40.8) 357 (40.4) 358 (40.7) 0.88
Diabetic nephropathy 1025 (29.3) 238 (27.6) 263 (30.1) 255 (28.9) 269 (30.6) 0.29
History of cardiovascular 

events
1138 (32.5) 221 (25.6) 288 (32.9) 327 (37.0) 302 (34.3) < 0.001

History of PTX 276 (7.9) 69 (8.0) 65 (7.4) 69 (7.8) 73 (8.3) 0.76
History of bone fracture 345 (9.9) 57 (6.6) 93 (10.6) 89 (10.1) 106 (12.1) < 0.001
Hemodialysis vintage, years 5.3 (2.1–11.3) 4.2 (2.2–9.0) 4.8 (1.8–10.3) 5.6 (2.0–11.4) 7.6 (2.7–14.4) < 0.001
Hemodialysis time, hours 5.0 (4.0–5.0) 5.0 (4.5–5.0) 5.0 (4.0–5.0) 5.0 (4.0–5.0) 5.0 (4.0–5.0) 0.08
Body weight, kg 53.0 (45.8–60.5) 54.5 (47.5–62.5) 54.0 (46.2–61.5) 52.0 (45.0–60.0) 51.2 (44.9–59.0) < 0.001
Kt/V for urea 1.56 (1.42–1.71) 1.56 (1.40–1.70) 1.56 (1.43–1.69) 1.56 (1.43–1.70) 1.56 (1.41–1.75) 0.09
nPCR, g/kg/day 0.95 (0.86–1.04) 0.95 (0.87–1.05) 0.95 (0.86–1.04) 0.95 (0.86–1.05) 0.95 (0.84–1.03) 0.02
Systolic blood pressure, 

mmHg
152 (138–168) 154 (140–168) 152 (138–169) 152 (140–168) 153 (136–168) 0.27

Cardiothoracic ratio, % 50.0 (46.7–53.7) 49.0 (46.0–52.5) 50.0 (46.5–53.5) 50.4 (47.1–54.0) 50.8 (47.5–55.0) < 0.001
Laboratory tests
Hemoglobin, g/dL 10.6 (9.8–11.3) 10.6 (9.9–11.2) 10.6 (9.9–11.4) 10.6 (9.9–11.2) 10.5 (9.7–11.2) 0.02
Serum albumin, g/dL 3.8 (3.6–4.1) 3.9 (3.7–4.2) 3.8 (3.6–4.1) 3.8 (3.6–4.1) 3.8 (3.5–4.0) < 0.001
Serum CRP, mg/dL 0.13 (0.06–0.30) 0.10 (0.04–0.20) 0.13 (0.05–0.29) 0.14 (0.08–0.34) 0.20 (0.10–0.47) < 0.001
Serum total cholesterol, mg/

dL
152 (131–178) 162 (140–186) 152 (132–179) 150 (129–175) 146 (125–172) < 0.001

Serum urea nitrogen, mg/dL 66 (55–76) 67 (58–76) 66 (55–77) 65 (55–76) 64 (54–75) < 0.001
Serum creatinine, mg/dL 10.1 (8.4–12.0) 10.8 (8.9–12.7) 10.3 (8.3–12.1) 10.0 (8.4–11.7) 9.5 (7.9–11.4) < 0.001
Serum corrected calcium, 

mg/dL
9.4 (8.9–9.9) 9.4 (9.0–10.0) 9.4 (8.9–9.9) 9.3 (8.9–9.8) 9.4 (8.8–9.9) 0.006

Serum phosphate, mg/dL 4.9 (4.1–5.6) 5.0 (4.3–5.8) 4.9 (4.2–5.7) 4.8 (4.0–5.6) 4.8 (4.1–5.5) < 0.001
Serum PTH (intact assay), 

pg/mL
106 (48–216) 72 (35–140) 98 (48–190) 121 (57–235) 151 (67–320) < 0.001

Medication
Use of calcium-containing 

phosphate binders
2480 (70.8) 687 (79.5) 650 (74.3) 629 (71.2) 514 (58.4) < 0.001

Use of sevelamer hydrochlo-
rides

981 (28.0) 219 (25.4) 249 (28.5) 259 (29.3) 254 (28.9) 0.10

Use of VDRAs 2453 (70.1) 637 (73.7) 600 (68.6) 612 (69.3) 604 (68.6) 0.04
Use of antihypertensive agents 2191 (62.6) 567 (65.6) 572 (65.4) 567 (64.2) 485 (55.1) < 0.001
Use of ESAs 2950 (84.2) 745 (86.2) 735 (84.0) 745 (84.4) 725 (82.4) 0.04
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Relationship between serum ALP levels 
and infection‑related mortality

During the follow-up period, 446 (12.7%) patients died of 
infection. The incident rates of infection-related mortal-
ity, stratified according to sex-specific quartile of serum 
ALP levels, are shown in Fig. 2. The 10-year survival rate 
decreased with increases in serum ALP (p < 0.001; log-
rank test). Patients with the highest serum ALP levels (Q4) 
showed a 1.70-fold (95% CI 1.24- to 2.32-fold, p < 0.001) 
higher risk of infection-related mortality than those with the 
lowest serum ALP levels (Q1), after adjustment for poten-
tial confounders (Table 2). As shown in Table 2, 50-U/L 
increases in serum ALP levels were also continuously 

associated with a 1.24-fold (95% CI 1.12- to 1.36-fold, 
p < 0.001) higher risk of infection-related mortality. Another 
model selected by the stepwise backward elimination was 
adjusted for age, sex, the presence of diabetic nephropa-
thy, the history of cardiovascular events, HD vintage, body 
weight, serum albumin, creatinine, CRP, phosphate, and fer-
ritin concentrations, and use of phosphate binders, antihy-
pertensive agents, or iron supplementation, which resulted 
in almost no changes in the associations (Supplementary 
Table 1). Similarly, Table 3 shows that patients in Q4 had 
a significantly higher risk of infection-related mortality 
than those in Q1 according to the multivariable-adjusted 
Fine–Gray model with non-infection-related death as a com-
peting risk, where 1284 patients died of non-infectious cause 

Fig. 2   Survival rates for infection-related mortality, stratified according to sex-specific quartile of serum ALP levels during the 10-year follow-
up period. ALP alkaline phosphatase, Q quartile



1124	 Clinical and Experimental Nephrology (2022) 26:1119–1129

1 3

[subdistribution HR (95% CI), 1.47 (1.07–2.03), p < 0.05]. 
As shown in Fig. 3, the HRs for infection-related mortality 
increased with increases in serum ALP levels in multivari-
able-adjusted restricted cubic spline analysis. A significant 
interaction was identified between the use of calcium-con-
taining phosphate binders and infection-related mortal-
ity (p for interaction = 0.002), with a greater contribution 
of higher serum ALP levels to infection-related mortality 
among patients using calcium-containing phosphate binders, 
compared with their counterparts (Fig. 4).

Relationship between serum ALP levels and specific 
infection‑related mortality

Supplementary Table 2 shows details on the specific under-
lying cause of infection-related death, stratified according 
to the sex-specific quartile of serum ALP levels. The most 
common cause of infection-related death was a pulmonary 
infection, followed by sepsis, lower limb infection, and 

cholecystitis/cholangitis. The multivariable analyses of the 
relationship between serum ALP levels and the four major 
causes of infection-related mortality showed a similar trend 
to the main analysis, although no statistically significant 
relationship was found (Supplementary Table 3).

Relationship between serum ALP levels 
and all‑cause mortality

During the 10-year follow-up period, 1,730 (49.4%) patients 
died of any causes. The survival rates stratified according 
to sex-specific quartile of serum ALP levels are shown in 
Supplementary Fig. 1. The 10-year survival rate decreased 
with increases in serum ALP levels (p < 0.001; log-rank 
test). Supplementary Table 4 shows that patients with the 
highest ALP levels (Q4) had a 1.49-fold (95% CI 1.27- to 
1.73-fold, p < 0.001) higher risk of all-cause mortality than 
those with the lowest ALP levels (Q1), after adjustment for 
potential confounders.

Table 2   Hazard ratios for infection-related mortality by the Cox proportional hazard model, stratified according to sex-specific quartile of serum 
ALP levels

Values are given as HR (95% CI). The multivariable-adjusted model was adjusted for age, sex, the presence of diabetic nephropathy, the history 
of cardiovascular events, bone fractures, or parathyroidectomy, HD vintage, body weight, Kt/V, systolic blood pressure, cardiothoracic ratio, 
blood hemoglobin concentration, serum albumin, CRP, corrected calcium, phosphate, and PTH concentrations, and use of calcium-containing 
phosphate binders, sevelamer hydrochlorides, vitamin D receptor activators, or antihypertensive agents. ALP alkaline phosphatase, CI confi-
dence interval, CRP C-reactive protein, HD hemodialysis, HR hazard ratio, PTH parathyroid hormone, Q quartile

Infection-related 
mortality

Unadjusted model Age- and sex-adjusted model Multivariable-adjusted model

HR (95%CI) p-value p for trend HR (95%CI) p-value p for trend HR (95%CI) p-value p for trend

Q1 1.00 (reference) < 0.001 1.00 (reference) < 0.001 1.00 (reference) < 0.001
Q2 1.61 (1.18–2.20) 0.002 1.39 (1.02–1.89) 0.04 1.26 (0.93–1.73) 0.14
Q3 2.24 (1.67–3.00) < 0.001 1.72 (1.28–2.32) < 0.001 1.54 (1.13–2.09) 0.006
Q4 2.77 (2.07–3.70) < 0.001 2.13 (1.59–2.84) < 0.001 1.70 (1.24–2.32) < 0.001
Every 50-U/L increase 

in serum ALP level
1.18 (1.12–1.25) < 0.001 1.24 (1.16–1.33) < 0.001 1.24 (1.12–1.36) < 0.001

Table 3   Hazard ratios for infection-related mortality by the Fine–Gray proportional subdistribution hazard model, stratified according to sex-
specific quartile of serum ALP levels

Values are given as HR (95% CI). The multivariable-adjusted model was adjusted for age, sex, the presence of diabetic nephropathy, the history 
of cardiovascular events, bone fractures, or parathyroidectomy, HD vintage, body weight, Kt/V, systolic blood pressure, cardiothoracic ratio, 
blood hemoglobin concentration, serum albumin, CRP, corrected calcium, phosphate, and PTH concentrations, and use of calcium-containing 
phosphate binders, sevelamer hydrochlorides, vitamin D receptor activators, or antihypertensive agents. ALP alkaline phosphatase, CI confi-
dence interval, CRP C-reactive protein, HD hemodialysis, HR hazard ratio, PTH parathyroid hormone, Q quartile

Infection-related 
mortality

Unadjusted model Age- and sex-adjusted model Multivariable-adjusted model

HR (95%CI) p-value p for trend HR (95%CI) p-value p for trend HR (95%CI) p-value p for trend

Q1 1.00 (reference) < 0.001 1.00 (reference) < 0.001 1.00 (reference) 0.01
Q2 1.50 (1.10–2.04) 0.01 1.28 (0.94–1.74) 0.12 1.23 (0.90–1.69) 0.19
Q3 1.95 (1.46–2.62) < 0.001 1.50 (1.12–2.02) 0.007 1.40 (1.03–1.90) 0.03
Q4 2.26 (1.69–3.01) < 0.001 1.72 (1.28–2.31) < 0.001 1.47 (1.07–2.03) 0.02
Every 50-U/L increase 

in serum ALP level
1.14 (1.08–1.21) < 0.001 1.15 (1.07–1.23) < 0.001 1.13 (1.03–1.24) 0.005
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Discussion

In the present longitudinal follow-up cohort study, we 
showed that high serum ALP levels were significantly 
associated with a higher risk of infection-related mortality 
and that this relationship remained significant after adjust-
ment for confounding factors. Additionally, high serum 
ALP levels were significantly associated with higher all-
cause mortality, as reported previously [10, 11, 13–17]. 
Patients in the highest quartile of sex-specific ALP levels 
had a 70% higher risk of infection-related mortality after a 
multivariable adjustment than those in the lowest quartile 
of sex-specific ALP levels. Similarly, the risk of all-cause 
mortality was 49% higher in patients in the highest quartile 
of sex-specific ALP levels. Our findings indicate that high 
serum ALP levels are a risk factor for infection-related and 
all-cause mortality.

This study showed that high serum ALP levels were posi-
tively associated with a higher risk of infection-related mor-
tality in patients on HD. To the best of our knowledge, only 
one study showed that higher serum ALP levels in patients 

with HD were associated with greater mortality from infec-
tion [11]. However, the follow-up period in this previous 
study was relatively short (mean follow-up: 1.6 years). No 
other reports have shown an association between serum ALP 
levels and infection-related mortality in patients receiving 
maintenance HD. In the present study, patients with high 
serum ALP levels tended to be older, were more likely to 
have a history of cardiovascular disease or fracture, and 
had a long history of dialysis, lower body weight, lower 
hemoglobin concentrations, lower serum albumin con-
centrations, and higher serum CRP concentrations. These 
individuals were considered to be poorly nourished and 
affected by chronic inflammation, and were considered as 
having “frailty.” Several reports showed that the severity 
of frailty was a significant predictor of mortality in patients 
with HD [32]. These results are consistent with our previous 
study on the association between the geriatric nutritional 
risk index and infection-related mortality [33]. A lower geri-
atric nutritional risk index, which represents a lower body 
mass index or lower serum albuminemia, was an independ-
ent risk factor for infection-related mortality in a patient 

Fig. 3   Multivariable-adjusted restricted cubic spline plots of the haz-
ard ratio for infection-related mortality, stratified according to serum 
ALP levels. Solid lines represent the hazard ratios and dotted lines 
represent the 95% confidence intervals. The horizontal gray lines 
correspond to the reference hazard ratio of 1.0. The overall median 
serum ALP level was 81.6 U/L; therefore, this was chosen as the ref-
erence value. The multivariable-adjusted model was adjusted for age; 
sex; the presence of diabetic nephropathy; the history of cardiovas-

cular events, bone fractures, or parathyroidectomy; HD vintage; body 
weight; Kt/V; systolic blood pressure; cardiothoracic ratio; blood 
hemoglobin concentration; serum albumin, CRP, corrected calcium, 
phosphate, and PTH concentrations; and use of calcium-containing 
phosphate binders, sevelamer hydrochlorides, vitamin D receptor 
activators, or antihypertensive agents. ALP alkaline phosphatase, 
CRP C-reactive protein, HD hemodialysis, PTH parathyroid hormone
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undergoing HD. However, even when multivariable adjust-
ment was performed using these factors, high serum ALP 
levels remained a significant risk factor for infection-related 
mortality. These results indicate that serum ALP levels may 
be a useful marker of the risk of infection-related mortality, 
and can be used with established markers of poor nutrition 
and inflammation.

We also examined the relationship between serum ALP 
levels and the specific causes of infection-related mortality, 
including pulmonary infection, sepsis, lower limb infection, 
and cholecystitis/cholangitis. No significant relationships 
were found between them, which may be attributed to a lack 
of power due to the sample size. Further large-scale studies 
are warranted to determine whether the effect of serum ALP 
levels differs depending on the site of infection.

Some potential explanations for the relationship between 
serum ALP levels and infection-related mortality can be 
proposed. A previous study showed that ALP had a role 
in lipopolysaccharide (LPS) detoxification in  vivo and 
in vitro [19]. In another study, endogenous intestinal ALP 
induced by the inflammatory agent resolvin-E1 reduced the 
activity of nuclear factor-kB, which resulted in a decrease 

in the release of inflammatory cytokines, such as tumor 
necrosis factor-α (TNF-α), interleukin 6, and LPS-binding 
protein [34]. The LPS to toll-like receptors-4 (LPS-TLR4) 
pathway is also associated with ALP [35]. The LPS-TLR4 
pathway enhances nuclear factor-kB signaling to induce an 
inflammatory response and secrete inflammatory and anti-
inflammatory cytokines such as TNF-α throughout the body. 
Additionally, ALP interacts with the LPS-TLR4 pathway 
and decreases LPS through dephosphorylation of LPS [35]. 
Furthermore, detrimental adenosine triphosphate, which is 
released during cellular stress caused by inflammation, can 
be converted by ALP into anti-inflammatory and tissue-pro-
tective adenosine [35]. These results collectively suggest that 
high serum ALP levels reflect subclinical infectious diseases 
in the patient, resulting in overt infection. However, further 
research is required to clarify the relationship between serum 
ALP levels and infectious diseases.

In the stratified analysis, the use of calcium-containing 
phosphate binders showed an interaction with the risk of 
infection-related mortality. Although we are unable to pro-
pose mechanisms underlying these associations, a possible 
explanation may be an increase in circulating fibroblast 

Fig. 4   Multivariable-adjusted HRs and 95% CIs for infection-related 
mortality associated with 50-U/L increases in serum ALP levels in 
patient subgroups. The multivariable-adjusted model was adjusted for 
age; sex; the presence of diabetic nephropathy; the history of cardio-
vascular events, bone fractures, or parathyroidectomy; HD vintage; 
body weight; Kt/V; systolic blood pressure; cardiothoracic ratio; 

blood hemoglobin concentration; serum albumin, C-reactive protein, 
corrected calcium, phosphate, and PTH concentrations; and use of 
calcium-containing phosphate binders, sevelamer hydrochlorides, 
VDRAs, or antihypertensive agents. ALP alkaline phosphatase, CI 
confidence interval, HD, hemodialysis, HR hazard ratio, PTH para-
thyroid hormone, VDRA vitamin D receptor activator
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growth factor 23 concentrations. Calcium overload upregu-
lates fibroblast growth factor 23 synthesis and secretion [36, 
37]. Fibroblast growth factor 23 reduces the host defense by 
interference with chemokine signaling and integrin activa-
tion in CKD [38]. Therefore, the combination of high serum 
ALP levels and the use of calcium-containing phosphate 
binders may facilitate the incidence of infectious diseases.

Which fraction of the serum ALP level, including the 
liver, bile duct system, bone, thyroid, placenta, small intes-
tine, and kidney, is associated with infection-related mor-
tality is controversial. No studies have reported whether 
elevated levels of any fraction of ALP are associated with 
infection-related mortality in the general population or in 
patients on HD. Patients on HD with liver diseases, such as 
ascites, hypoalbuminemia, or a history of hepatitis C, tend 
to have higher serum ALP levels [11]. This finding sug-
gests that liver-type ALP levels are elevated in patients on 
HD with liver disease [11]. Another study reported that the 
variability in ALP was due to bone ALP in patients on HD 
without the liver disease [39]. Additionally, small intestinal 
ALP was reported to be 15% higher in patients on HD than 
in the general population [40]. Therefore, postulating which 
factors contribute to serum ALP levels in patients on HD 
without measuring fractions of ALP is difficult [41]. Future 
studies are required to determine which fraction of ALP is 
associated with the prognosis.

In this study, high serum ALP levels were significantly 
associated with higher all-cause mortality. A large-scale 
observational study in the United States also showed that 
high serum ALP levels in patients on HD increased the risk 
of all-cause mortality [13]. Additionally, in Japanese patients 
with HD, high serum ALP levels were associated with 
higher all-cause and cardiovascular mortality [14]. Nota-
bly, ALP inactivates pyrophosphate, which is an endogenous 
inhibitor of hydroxyapatite formation, resulting in vascular 
calcification and contributing to cardiovascular morbidity 
and mortality [42]. Additionally, smooth muscle cells under-
going medial calcification express high ALP levels [43]. 
These results suggest that high serum ALP levels and vas-
cular calcification may have reciprocal effects. High serum 
ALP levels are also an independent risk factor for coronary 
calcification in patients on HD [44]. Taken together, these 
findings suggest that higher serum ALP levels may predis-
pose toward cardiovascular mortality, thereby increasing the 
risks of all-cause mortality in patients on HD.

The main strength of our study is that it was a large-
scale cohort study with a relatively long follow-up period, 
and it showed associations between serum ALP, a rou-
tinely used biomarker, with infection-related and all-cause 
mortality in patients undergoing HD. However, this study 
has several limitations. First, we could not obtain informa-
tion regarding the liver statuses, such as serum aspartate 
aminotransferase and alanine aminotransferase activities. 

Furthermore, we had no data on the prevalence of hepa-
titis B and C viral infections in patients registered in the 
Q-Cohort Study. Liver disease may be associated with 
high serum ALP levels, which are also associated with 
higher mortality. However, a previous study showed that 
high serum ALP levels remained associated with higher 
mortality, even when the data were stratified according to 
serum aspartate aminotransferase activity [10]. Second, we 
had no data regarding the history of malignant diseases. 
Ectopic expression of ALP is associated with a variety of 
cancers [45]. Among patients on HD, cancer was associ-
ated with a ≥ 20% increase in the rate of infection-related 
hospitalization [4]. The lack of this information may have 
biased our results to some extent. Third, we did not meas-
ure serum bone-specific ALP levels. In daily practice in 
Japan, serum bone-specific ALP levels are not measured 
because of the relatively high cost of this measurement. 
Fourth, baseline data were obtained at a single time point, 
which may have resulted in the misclassification of the 
study participants. However, if such misclassification had 
occurred, the association would have been weakened, bias-
ing the results toward the null hypothesis. Finally, most of 
the study participants were not taking calcimimetics, such 
as cinacalcet hydrochlorides, which have revolutionized 
CKD-MBD treatment strategies, at the start of the study. 
The Q-Cohort Study enrolled patients between December 
2006 and December 2007, which was before calcimimetics 
had been put on the market in Japan. Additionally, only 
seven (0.2%) patients in our study were using calcimimet-
ics at the start of the follow-up. A previous study showed 
that the proportion of patients using cinacalcet hydrochlo-
rides had reached nearly 30% in Japan in 2009 [46]. There-
fore, some of the participants in the present study might 
have been using calcimimetics during the follow-up, which 
would have affected serum ALP levels by reducing PTH 
synthesis and secretion [47]. Despite these limitations, 
we believe that the present study permits a better under-
standing of the relationship between serum ALP levels and 
infection-related mortality in patients on maintenance HD.

Conclusion

This study shows that high serum ALP levels in patients on 
maintenance HD increase the risks of infection-related and 
all-cause mortality. These results suggest that patients with 
HD with high serum ALP levels are a high-risk group for 
infection-related mortality and that prevention and aggres-
sive treatment of infections are imperative. Further research 
is required to determine the acceptable threshold for serum 
ALP levels in patients with HD, and whether strategies 
aimed at reducing serum ALP will improve their prognosis.
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