Open access Original research

Association between serum alkaline
phosphatase and bacteraemia in
haemodialysis outpatients: a multicentre
retrospective cross-sectional study

BM)J Open

To cite: Katasako A, Sasaki S,
Raita Y, et al. Association
between serum alkaline
phosphatase and bacteraemia
in haemodialysis outpatients: a
multicentre retrospective cross-
sectional study. BMJ Open
2022;12:¢058666. doi:10.1136/
bmjopen-2021-058666

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2021-058666).

AK and SS contributed equally.

Received 24 October 2021
Accepted 02 September 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Sho Sasaki;
sasaki.sho.3f@kyoto-u.ac.jp

Aya Katasako
Kentaro Tochitani,® Minoru Murakami

ABSTRACT

Objectives Elevated baseline serum alkaline phosphatase
(ALP) may correlate with higher medium-term to long-term
mortality in the general population and in patients with
chronic kidney disease. However, few data are available
on the association between serum ALP and the short-term
prognosis of patients on haemodialysis (HD). We verified
the association of ALP levels and bacteraemia or death in
maintenance HD patients suspected of bacteraemia in an
outpatient setting.

Design We analysed 315 consecutive HD patients
suspected of having bacteraemia with two sets of blood
culture drawn on admission.

Setting Admission to two tertiary-care university medical
centres from January 2013 to December 2015.
Participants Consecutive cases on maintenance HD
aged>18 years. Cases of hospitalised patients who had
been transferred from another hospital, had a dialysis
vintage<2 months, were also undergoing peritoneal
dialysis, and/or were receiving HD less than once a week
were excluded.

Primary and secondary outcome measures Primary
outcome measure was bacteraemia and secondary
outcome was in-hospital death.

Results Among 315 cases included in the study, 187

had baseline-measured ALP levels, with a cut-off value

on ROC analysis of 360 U/L (Area Under the Curve (AUC)
0.60, sensitivity 0.49, specificity 0.76). In multivariate
analysis, there was a statistically significant association
between a higher ALP in hospital visit and bacteraemia
(OR: 2.37,95%Cl: 1.17 to 4.83). However, there were no
statistically significant associations between higher ALP
and in-hospital death (OR: 1.20, 95% Cl: 0.57 to 2.54).

A sensitivity analysis of 187 patients with no missing

ALP values also demonstrated a significant association
between elevated ALP and bacteraemia, but no significant
association between ALP and in-hospital death.
Conclusions Elevated ALP is a predictor of bacteraemia.
In HD patients suspected of bacteraemia in outpatient
settings, increased ALP levels were associated with
increased likelihood of confirmed disease.

INTRODUCTION
In patients on haemodialysis (HD), it is well
known that the second most common cause
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first multicentre investigation of the as-
sociation between alkaline phosphatase (ALP) levels
and bacteraemia or death in patients on mainte-
nance haemodialysis (HD).

= Elevated serum ALP levels in HD patients suspect-
ed of bacteraemia could lead to earlier diagno-
sis and may potentially allow for earlier medical
intervention.

= Our findings should facilitate further research to
investigate any causal association of ALP elevation
with bacteraemia in complex biological systems.

= Although the study sample consisted of patients on
maintenance HD from two geographically diverse
hospitals in Japan, our inferences may not be gen-
eralisable to patients on maintenance HD in other
clinical settings.

of death after cardiovascular events is infec-
tion, especially sepsis or bacteraemia.' > The
prevalence of bacteraemia in patients with
HD is 10-40 times that in the general popula-
tion® * with a 50-fold increase in mortality.5_7

Multiple studies have shown a positive rela-
tionship between serum alkaline phospha-
tase (ALP) and medium-term to long-term
mortality in the general population and in
patients with chronic kidney disease (CKD),
including those on HD and peritoneal dial-
ysis (PD).*'® The explanation is that elevated
levels of serum ALP may reflect abnormalities
such as arterial stiffness, renal osteodystrophy
and inflammation.'" '* %19

In addition to the relationship between
serum ALP and mid-term to long-term prog-
nosis, observational studies have identified
other risk factors for bacteraemia in dialysis
patients, including leucocyte dysfunction,
malnutrition, parathyroid hormone derange-
ments and vitamin D deficiency.® "'

We focused on ALP, an enzyme that hydro-
lyses phosphate monoester. It is a dimer

BM)

Katasako A, et al. BMJ Open 2022;12:6058666. doi:10.1136/bmjopen-2021-058666 1

“ybBuAdoo Aq parosroid 1sanb Aq 1202 ‘62 AeIA Uo /wod’[wg uadoluwig//:dny woll papeojumoq "Z2zZ0z 1290190 / U0 999850-TZ0Z-uadolwag/9eTT 0T Se paysignd isiiy :uado NG


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0315-1395
http://orcid.org/0000-0003-0435-7106
http://dx.doi.org/10.1136/bmjopen-2021-058666
http://dx.doi.org/10.1136/bmjopen-2021-058666
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-058666&domain=pdf&date_stamp=2022-010-07
http://bmjopen.bmj.com/

consisting of two identical molecules, and is expressed
as four isoenzymes (placental, germ cell, intestinal and
tissue-non-specific (liver/bone/kidney)) 22 ALP is known
as an indicator of renal osteodystrophy, associated with its
close relationship with bone, parathyroid gland function,
the GI tract and overall mineral balance.” Historically,
high ALP levels have been considered related to renal
osteodystrophy.

Damera et alreported that ALP is one of the inflamma-
tory markers that are independent of 25-OH vitamin D
levels in CKD.** In addition, the ‘BAC-HD score’ (Body
temperature > 38.3°C, ALP > 360 U/L, C-reactive protein
[CRP] > CRP 10 mg/dL, Heart rate > 125 bpm, Drugs:
no prior antibiotic use for 1 week),” which we previously
developed, is a clinical prediction algorithm for bacter-
aemia among patients with HD.

Tung et al showed that extremely high ALP levels
(ALP>1000U/L) were associated with bacteraemia.?
However, that study had a very small sample size of 16. In
other words, there are few studies showing an association
between serum ALP and short-term prognosis of bacter-
aemia and in-hospital mortality.

ALP levels can be measured easily and are a less
burdensome test for the patient. In addition, bacteraemia
is an important outcome for HD patients because of its
high morbidity and mortality. Therefore, it is important
to investigate serum ALP levels as predictive markers of
bacteraemia. Our aim was to verify the association of
ALP levels and bacteraemia or death in maintenance
HD patients suspected of bacteraemia in an outpatient
setting.

METHODS

In the present study, the department of nephrology
of Aso lizuka Hospital had collected anonymous data
from the participating facilities. Since this study was
retrospective, the consent of participants was not
obtained. The study results are reported according
to the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines for cross-sectional
studies.?”

Study design and participants

We performed a cross-sectional study at the three
academic medical institutions mentioned above. Data
were collected from medical records from January
2013 to December 2015 in each facility. We enrolled
consecutive cases of patients on maintenance HD who
were aged>18 years and had two sets of blood cultures
drawn at admission to assess for the presence of bacte-
raemia. Cases of hospitalised patients who had been
transferred from another hospital, had a vintage of
dialysis<2 months, were also undergoing PD, or were
receiving HD less than once a week were excluded
(figure 1).

ALP levels
Logistic regression analysis was performed with bacte-
raemia as the dependent variable and ALP as the

Haemodialysis cases with admission
blood cultures drawn
during the study period

N =482
« Patients transferred from another hospital (N = 8)
excluded | . Combined with peritoneal dialysis (N = 6)
- Less than 2 weeks after induction of haemodialysis (N = 4)
+ Non-hospitalised cases (N = 143)
excluded
——| - Missing outcomes (N = 6)

Cases to be analysed
N =315

Figure 1 Study flow. After the sampling, 315 cases that met
the eligibility criteria were included.

explanatory variable. Based on the Receiver Oper-
atorating Characteristic curve (ROC) analysis, the
value with the highest discriminatory power was used
as the cut-off point.

Outcomes

The primary outcome was bacteraemia, which was
diagnosed based on the results of admission blood
cultures. To avoid misclassification of the primary
outcome, an external consensus panel of infectious
disease physicians with more than 10 years’ clin-
ical experience and Japanese board certification in
infectious disease determined whether a culture was
contaminated or not based on the conventional defi-
nition of contamination and their clinical expertise.
Contamination was defined as: only one of the two
sets of culture bottles was positive; or the presence
of certain species of bacteria, such as diphtheroids,
Bacillus spp, Propionibacterium spp, Micrococci spp, Cory-
nebacterium spp and coagulase-negative staphylococci.
The secondary outcome was in-hospital death.

Other covariates

Clinical information collected on hospital admission
included age, sex, body temperature, systolic and
diastolic blood pressure, pulse rate, respiratory rate,
HD vintage, presence or absence of diabetes mellitus,
and use of vitamin D analogues. In addition, white
blood cell counts, aspartate aminotransferase (AST),
total bilirubin (T-BIL), corrected calcium (cCa), phos-
phate and CRP were obtained from medical records.

Statistical analysis

The serum ALP levels at diagnosis were stratified by
the cut-off value based on ROC analysis, and patients’
baseline characteristics were expressed as medians
(quartile) or numbers (%). Multivariate analysis was
performed for the primary outcome of bacteraemia
in four models adjusted for age, sex, AST, vitamin D
analogue use and HD vintage(Model 1, adjusted for
age, sex; Model 2, adjusted for Model 1 + aspartate
aminotransferase; Model 3, adjusted for Model 2 +
vitamin D analogue use; Model 4, adjusted for Model
3 + haemodialysis vintage). Five models were used for
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Number of Number of

Odds rati
= e P-value

outcomes, n (%) patients, n (95% CI)*
Quicomes
Bacteremia outcome 50 (15.8) 315
Crude [ | 2.37 (1.17-4.83) 0.02
Model1$ | 2.41(1.16-5.04) 0.02
Model2t | | 2.27 (1.08-4.78) 0.03
Model3+ } | 228 (1.08-4.80) 0.03
Model4f | 2.32(1.11-4.83) 0.03
In-hospital death outcome 48 (15.2) 315
Crude | | 1.20 (0.57-2.54) 0.63
Model 1t [ | 1.30 (0.61-2.76) 0.49
Model2t | | 1.34 (0.63-2.85) 0.44
Model3 F | 1.36 (0.62-2.97) 043
Modeld } | 1.36 (0.63-2.96) 0.43
Model5+ J | 1.26 (0.63-2.83) 0.58
I I T T T T 1
0.50 1.0 2.0 30 40 50 6.0

Odds ratio (95% Cl)

Figure 2 Association between alkaline phosphatase (ALP) and bacteraemia or In-hospital death: logistic regression model.
Multivariate analysis shown in this figure. There was no relationship between higher ALP and in-hospital death; however there
was a statistically significant association between higher ALP and bacteraemia. Bacteraemia outcome: Model 1, adjusted for
age, sex; Model 2, adjusted for Model 1 + aspartate aminotransferase, Model 3, adjusted for Model 2 + vitamin D analogue use;
Model 4, adjusted for Model 3 + haemodialysis vintage In-hospital death outcome: Model 1, adjusted for age, sex; Model 2,
adjusted for Model 1 + aspartate aminotransferase; Model 3, adjusted for Model 2 + vitamin D analogue use; Model 4, adjusted
for Model 3 + haemodialysis vintage; Model 5, adjusted for Model 4 + presence of bacteraemia.

the secondary outcome: in-hospital death, adjusted
for age, sex, AST, T-BIL, vitamin D analogue use, cCa,
P, HD vintage and presence of bacteraemia using a
logistic regression model (Model 1, adjusted for age,
sex; Model 2, adjusted for Model 1 + aspartate amino-
transferase; Model 3, adjusted for Model 2 + vitamin
D analogue use; Model 4, adjusted for Model 3 +
haemodialysis vintage; Model 5, adjusted for Model
4 + presence of bacteraemia, figure 2). We selected
variables for multivariate analysis through a literature
review and based on clinical experience. To mini-
mise the bias from missing data, all missing values
were imputed using multiple imputation by chained
equation treated as missing at random including
ALP; 10 imputed datasets were created.”® On multi-
variate analysis, these 10 datasets were combined with
Rubin’s rules and analysed. Analyses were assessed at
a two-tailed alpha=0.05. We used commercial software
(STATA V.15.0, StataCorp LP, College Station, Texas,
USA) for statistical analysis.

Sample size

We estimated the prevalence of bacteraemia in main-
tenance HD patients suspected to have bacteraemia
to be 16% based on a previous report.”” Since we
planned a logistic regression analysis with five explan-
atory variables, we estimated that the number of
bacteraemia cases was required to be 50, following the
rule of requiring 10 outcomes per explanatory vari-
able.” From these, it was estimated that a total of 312
subjects was needed.

Sensitivity analysis
To demonstrate the robustness of our inferences,
we conducted a complete case analysis for ALP as a

sensitivity analysis, which meant excluding partici-
pants missing admission ALP. In addition, we added
CRP, which is not a confounding factor but is a strong
prognostic factor, and performed a sensitivity analysis.

Patient and public involvement
No current patients or members of the public were
directly involved in this study.

RESULTS

The cut-off value for ALP was 360 U/L based on ROC
analysis (AUC 0.60, sensitivity 0.49, specificity 0.76) in
complete cases of ALP. Among the 315 cases included
in the study (figure 1), 187 had baseline measured ALP
levels (133 with normal levels<360 U/L and 54 with ALP
levels>360U/L). Table 1 shows the baseline characteris-
tics of the cohort.

Occurrence of outcomes

Table 2 shows the incidence of bacteraemia and in-hos-
pital deaths in the total and groups stratified by ALP. The
high-ALP group had a higher incidence of bacteraemia.

Association of ALP in hospital visit and bacteraemia

In the multivariate analysis shown in figure 2, there was a
statistically significant association between higher ALP in
hospital visit and bacteraemia in all four models.

Association of ALP in hospital visit and in-hospital death

As shown in figure 2, there were no statistically significant
associations between higher ALP and in-hospital death in
all five models.

Katasako A, et al. BMJ Open 2022;12:6058666. doi:10.1136/bmjopen-2021-058666

“ybBuAdoo Aq parosroid 1sanb Aq 1202 ‘62 AeIA Uo /wod’[wg uadoluwig//:dny woll papeojumoq "Z2zZ0z 1290190 / U0 999850-TZ0Z-uadolwag/9eTT 0T Se paysignd isiiy :uado NG


http://bmjopen.bmj.com/

Open access

I

Table 1 Baseline characteristics
ALP<360U/L ALP>360U/L Total
N=133 N=54 N=315 Missing (N)

Age, years, median (IQR) 73 (66, 80) 72 (62, 79) 73 (63, 80) 0
Sex 0

Males, n (%) 77 (57.9) 26 (48.1) 178 (56.5)

Females, n (%) 56 (42.1) 28 (51.9) 137 (43.5)
Diabetes mellitus, n (%) 64 (48.1) 27 (50.0) 159 (50.5) 0
Systolic blood pressure, mmHg, median (IQR) 134 (110, 150) 134 (11, 150) 134 (110, 150) 2
Diastolic blood pressure, mmHg, median (IQR) 70 (60, 80) 70 (60, 80) 70 (60, 80) 22
Pulse rate, beats/minute, median (IQR) 90 (78, 102) 92 (84, 108) 90 (78, 102) 4
Respiratory rate, per minute, median (IQR) 20 (18, 24) 20 (18, 24) 20 (18, 24) 43
Body temperature, °C, median (IQR) 37.3 (36.5, 38.0) 37.6 (36.9, 38.3) 37.2(36.5,38.00 6
Laboratory data

WBC (x10%pL), median (IQR) 8.7 (6.2, 12.4) 8.6 (6.1, 11.3) 8.4 (6.2, 12.0) 2

ALP (U/L), median (IQR) 237 (203, 280) 502 (404, 780) 271 (219, 376) 128

AST (U/L), median (IQR) 17 (12, 25) 24 (18, 55) 18 (13, 25) 7

ALT (U/L), median (IQR) 10 (7, 15) 18 (12, 38) 11 (7.5, 17) 7

T-Bill (mg/dL), median (IQR) 0.5 (0.3,0.6) 0.6 (0.4, 1.5) 0.5 (0.3, 0.7) 17

Ca (mg/dL), median (IQR) 8.8 (8.4, 9.3) 8.7 (8.3, 9.4) 8.8 (8.4, 9.4) 93

P (mg/dL), median (IQR) 4.4 (3.3, 5.8) 5.3 (4.1, 6.6) 4.7 (3.8, 6.1) 284

CRP (mg/dL), median (IQR) 5.2 (2.1,11.2) 6.0 (1.5, 12.3) 5.5(2.1,12.1) 31
Haemodialysis vintage, months, median (IQR) 51 (17.5, 114) 58 (18, 139) 55 (20, 115) 14
Vitamin D analogue use, n (%) 60 (45.1) 25 (46.3) 134 (42.5) 2
Vascular access

Arteriovenous fistula, n (%) 86 (64.7) 44 (81.5) 130 (41.3) 0

Arteriovenous graft, n (%) 11 (8.3) 2 (3.7) 13 4.1) 0

Arteriovenous shunt, n (%) 5(3.8) 23.7) 7(2.2) 0

Temporary catheter, n (%) 30 (22.6) 6 (11.1) 36 (11.4) 0

The baseline characteristics of the cohort.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Ca, calcium; CRP, C reactive protein; P,

phosphorus; T-Bil, total bilirubin; WBC, white blood cells.

Sensitivity analysis

To examine the robustness of the findings, we
conducted a complete case analysis for ALP excluding
participants who were missing ALP values. A sensitivity
analysis of the 187 patients with no missing ALP values
also demonstrated a significant association between

Table 2 Incidence of bacteraemia and in-hospital death in
the total and groups stratified by ALP

ALP<360U/L  ALP>360U/L Total Missing
N=133 N=54 N=315 (N)
Bacteraemia, 20 (15.0) 19 (35.2) 50 (15.9) 11
n (%)
In-hospital death, 17 (12.8) 9 (16.7) 48 (15.2) 22
n (%)

The incidence of bacteraemia and in-hospital deaths in the total and groups stratified
by ALP. The high-ALP group had a higher incidence of bacteraemia.
ALP, alkaline phosphatase.

ALP and bacteraemia, but no significant association
between ALP and in-hospital death (figure 2). In a
sensitivity analysis with the addition of CRP, results
showed no significant association between bacteraemia
and ALP levels in analysis adjusted for age, sex, AST,
CRP, vitamin D analogue use or HD vintage (OR: 1.97,
95% CI: 0.97 to 4.01) as shown in the online supple-
mental figure.

DISCUSSION

This study showed a statistically significant positive
correlation between ALP levels and bacteraemia in HD
patients suspected of having bacteraemia in the outpa-
tient setting. Few studies examining the association
between serum ALP and short-term prognosis have been
reported. This is the first multicentre investigation of the
association between ALP levels and bacteraemia or death
in patients on maintenance HD.
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Based on the results of this study, elevated serum ALP
levels in HD patients with suspected bacteraemia could
allow for early recognition and may potentially allow for
earlier medical intervention.

Association between ALP and bacteraemia

We considered two reasons why elevated ALP levels were
associated with bacteraemia. First is the involvement of
hepatobiliary infections such as cholangitis. We hypoth-
esise that it may cause bacteraemia or sepsis, leading to
elevated ALP levels.® %! However, since the main cause
of bacteraemia in HD patients is bloodstream infection
with staphylococci, it is considered that bacteraemia due
to biliary tract infection does not significantly affect ALP
levels in this population. In addition, we adjusted for the
liver enzyme AST in multivariate analysis, but the changes
in the OR of bacteraemia were small. These findings
suggest that the increase in ALP levels in HD patients was
due to factors other than hepatobiliary infection.

Second, we considered a biological response to bacte-
raemia. Previous studies have shown that ALP acts on
inflammatory mediators, such as bacterial endotoxin and
extracellular ATP, and may detoxify them via dephosphor-
ylation."” '* *** In animal models of sepsis (mice, rats,
sheep, piglets), it has been reported that treatment with
ALP reduced systemic inflammation and organ dysfunc-
tion, and improved survival.”* ** There are also reports
suggesting that ALP is effective in the treatment of sepsis
in HD patients.*’ Sepsis-related AKI is thought to be the
result of a combination of inflammatory, nephrotoxic and
ischaemic injury with rapid progression of renal damage.
Pickkers et al showed that treatment with ALP improved
creatinine clearance, as well as the need for and duration
of dialysis in patients with sepsis-related AKL*"

The above two points suggest that the increase in ALP
may be a response to inflammation or bacteraemia.

In maintenance HD patients with a high risk of infec-
tion, the therapeutic strategy, including antimicrobials,
is often distressing until the results of blood culture are
available. Unnecessary administration of antimicrobials
can be harmful to the patient, because antimicrobial
resistance is a serious problem for them. However, it has
also known that delayed administration of empiric anti-
microbial therapy leads to increased mortality.** We need
to decide the timing of administration of therapy and
choice of antimicrobial agents appropriately. Serum ALP
levels have been reported as one example of a simple clin-
ical prediction rule in the bacteraemia ‘BAC-HD score’.*”
In maintenance HD outpatients suspected of sepsis,
elevated serum ALP levels may indicate the presence of
bacteraemia and may aid in the decision to begin early
antimicrobial therapy and in the choice of the antimicro-
bial agent.

ALP isozymes

Intestinal isozyme may be of possible relevance to sepsis-
related treatment.®® * However, no association has been
found between specific isozymes and bacteraemia or

sepsis, and we do not recommend the measurement of
isozymes at this time in clinical practice. If the above
two points are resolved, it may be useful to measure ALP
isozymes in the future.

The species associated with bacteraemia

It is known that percutaneous bloodstream infections
caused primarily by gram-positive cocci (GPC) are
common in HD patients.** However, a previous meta-
analysis reported that about 20% of HD catheter-related
bacteraemias were caused by gram-negative rods (GNR)
as well as coagulase-negative staphylococci and Staphylo-
coccus aureus.”

In our study, GNR-induced sepsis accounted for 34%
of cases, which may have been associated with ALP levels.
However, the median quartile values of ALP in bacter-
aemia due to GPC and GNR were 302 (range, 217-455)
U/L and 388 (range, 225-530) U/L, respectively, and
there may be reasons other than this hypothesis. Second,
given the mechanism by which GPC inactivates inflam-
matory mediators, ALP can be elevated not only by GNR
but also by GPC-induced sepsis.*® From the above, it is
considered that ALP is associated with bacteraemia in
HD patients regardless of the category of the offending
bacterium.

Association between ALP and mortality

We found no significant association of ALP with mortality
in the analysis for secondary outcome, in contrast to
previous studies.'’ ' " In one study, HD patients with
elevated ALP levels had an approximately 50% higher
risk of infection-related mortality compared with those
with normal ALP levels."* One reason for the significant
difference in bacteraemia but not in mortality may be
that the overall prognosis for maintenance HD patients
in Japan is good.

Limitations

Our study has several limitations. First, there may be
unmeasured confounding factors, a limit of observational
studies. However, the study was designed to optimise the
selection of adjusted confounding factors and to mini-
mise their effect as compared with previous studies. It is
possible thatintact PTH was a residual confounding factor.
However, we could not test this possibility because we did
not measure intact PTH in this study, for two reasons:
first, because intact PTH may not contribute significantly
to outcomes for bacteremia or mortality48; and second,
since ALP reflects factors of origin other than bone, we
considered that the association between PTH and ALP in
the acute phase, such as the subject of this study, might be
still unclear. Nevertheless, there are reports of increased
mortality in patients with PTH outside the normal range
in the non-acute phase,49 and further validation is needed.
Second, since it is a cross-sectional study, the possibility of
reverse causation cannot be denied. However, high ALP
levels were shown to be a predictor of bacteraemia. Third,
this was a retrospective study, and the uncertainty of the
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data extracted from medical records cannot be ruled
out. Fourth, while we conducted a multicentre study, the
sample size was relatively small and there were substantial
missing data. In patients with ALP data, there was a statis-
tically significant association between ALP and bacter-
aemia, but no association between ALP and in-hospital
mortality. We consider the small sample size as a reason
why we could not show an association with mortality,
unlike previous reports. This is the first study suggesting
that serum ALP is one of several independent predictors
of bacteraemia in HD patients. Our study should facili-
tate further validation studies to confirm the associa-
tion of ALP elevation and bacteraemia in maintenance
HD patients. Fifth, it cannot be determined in this study
whether serum ALP levels were elevated before illness or
due to bacteraemia. However, baseline serum ALP levels
are often unknown in clinical practice. Therefore, we
consider it may be clinically acceptable. Lastly, the study
sample consisted of patients on maintenance HD from
three geographically diverse hospitals in Japan, and our
findings may not be generalisable to patients on main-
tenance HD in other clinical settings (eg, patients with
hospitalisation at index dates). Nonetheless, our infer-
ences should remain relevant for over 340 000 patients on
maintenance HD in Japan, a vulnerable population with
high mortality from bacteraemia, at about 14 times that of
the general population.”

CONCLUSIONS

By conducting a multicentre retrospective observational
study, we identified elevation of ALP levels as an indepen-
dent predictor of bacteraemia among maintenance HD
outpatients suspected of having sepsis. The association
remained consistent after adjusting for other potential
predictors for bacteraemia. For clinicians, our data may
support the early identification of patients with bacte-
raemia and their resultant prompt hospitalisation. Our
findings may facilitate further research to investigate any
causal association of ALP elevation with bacteraemia in
complex biological systems.
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