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ABSTRACT

Background: Chronic kidney disease (CKD) is associated with disturbances in mineral and bone metabolism, increasing
fracture risk, particularly in advanced stages. Bone turnover markers (BTMs) such as bone alkaline phosphatase (BALP) and
tartrate-resistant acid phosphatase 5b (TRACP5b), as well as collagen-derived markers including intact form of procollagen type
I amino-terminal propeptide (iPINP) and 3-cross-linked C-terminal telopeptide of type I collagen (3-CTX-I), are recommended
to assess bone turnover. Although some BTMs are considered stable and independent of renal function, their behavior during
dialysis sessions remains unclear.

Methods: To assess the impact of dialysis techniques and membrane types, serum samples were collected pre- and post-dialysis.
BTM concentrations were analyzed using nonparametric statistics, and the clinical relevance of the observed changes was eval-
uated using the least significant change (LSC) thresholds.

Results: BALP and TRACP5b showed minor fluctuations post-dialysis, with changes remaining below their clinical signifi-
cance thresholds. iPINP also showed limited variability. In contrast, 3-CTX-I decreased significantly after hemodialysis, espe-
cially using high-permeability membranes, with changes exceeding the LSC threshold.

Conclusion: These findings suggest that BALP, TRACP5b, and PINP demonstrate robustness as BTMs in CKD patients under-
going dialysis. However, 3-CTX-I is markedly affected by dialysis parameters and should be interpreted cautiously in this context.

1 | Background metabolism disturbances [1]. The management of chronic kidney

disease-mineral and bone disorder (CKD-MBD) s critical due to its
Chronic kidney disease (CKD) is a major public health problem association with higher fracture and mortality risks, particularly in
leading to systemic complications, including bone and mineral patients with advanced CKD and those undergoing hemodialysis
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(HD) [2]. While bone histomorphometry remains the gold stan-
dard for assessing bone turnover, its invasiveness, cost, and need
for specialized expertise limit its routine use. Consequently,
Kidney Disease: Improving Global Outcomes (KDIGO) guidelines
recommend bone alkaline phosphatase (BALP) to evaluate bone
turnover in CKD patients [1]. As a promising bone biomarker,
serum BALP is supposed to be stable and unaffected by kidney
function [3]. Other bone markers, such as tartrate-resistant acid
phosphate 5b (TRACP5b) [4] and intact form of procollagen type
I amino-terminal propeptide (iPINP) [5], are also considered inde-
pendent of renal function, unlike -cross-linked C-terminal telo-
peptide of type I collagen (8-CTX-I) [6]. However, their behavior
during hemodialysis has not been thoroughly evaluated, despite
its importance for improving clinicians’ confidence in their use for
monitoring CKD patients. This study aims to evaluate the impact
of dialysis on bone markers levels.

2 | Methods

Remnant serum samples were collected from 43 patients (26
men and 17 women) undergoing hemodialysis at the Dialysis
Department of the University Hospital of Liege. Among them, 18
were treated by conventional HD, and 25 underwent hemodiafil-
tration (HDF). Various dialysis membranes were employed during
the sessions, including FX 10, FX CorDiax 80/100/800/1000, and
VIE 21 A. Samples were collected before and after the dialysis ses-
sion, centrifuged at 2630 g for 10min, and stored at 4°C-8°C for
a maximum of 24h prior to routine analyses. Remnant samples
were frozen at —80°C for up to 16days.

Serum levels of BALP, TRACP5b, and iPINP were determined
using the IDS iSYS platform (Immunodiagnostic Systems,
Boldon, UK), whereas serum (-CTX-I levels were measured
using the Elecsys P-CrossLaps assay (Roche Diagnostics,
Basel, Switzerland). To account for hemoconcentration, all
post-dialysis serum levels were adjusted using the factor
(1+(ABW/0.2xBW)), where ABW represents the weight loss
during dialysis and BW corresponds to the post-dialysis body
weight [7].
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To evaluate the difference in bone turnover markers (BTMs)
levels after a dialysis session, nonparametric statistical tests
(Wilcoxon and Mann-Whitney tests) were used due to the small
sample size. Statistically significant changes in biomarker lev-
els were then assessed against least significant change (LSC)
thresholds, which quantifies the smallest change in a biomarker
level that can be considered clinically significant. The LSC is
calculated from analytical (based on daily quality controls) and
biological [8] variation data for each analyzed marker. This ap-
proach is essential, as a statistically significant change is not
necessarily clinically relevant and may not be directly attribut-
able to the impact of dialysis.

3 | Results

Figure 1 illustrates the values of bone markers before and after
dialysis, representing the overall trends in value changes fol-
lowing dialysis. The median values of all markers significantly
decreased post-dialysis. BALP and TRACP5b showed slight re-
ductions following both HD and HDF, whereas iPINP and (3-
CTX-I exhibited more pronounced declines.

Changes in bone markers values by dialysis and membrane type
are summarized in Table 1. Results are presented as median
percentage of variation with corresponding interquartile ranges,
reflecting individual level changes post-dialysis. Decreases of
BALP, TRACP5b, and iPINP were minor but statistically signif-
icant, whereas 3-CTX-I decreases were more important. There
was no difference between HD and HDF in changes observed for
the bone markers, except for 3-CTX-I. Membrane-specific anal-
ysis demonstrated that BALP and TRACP5b displayed limited
variability. Collagen-derived biomarkers (iPINP and {-CTX-I)
exhibited greater variability, with notable decreases using high-
permeability membranes.

Median differences for BALP, TRACP5b, and iPINP remained
below their LSC thresholds, indicating no clinically relevant
changes. In contrast, 3-CTX-I demonstrated a significant de-
crease that exceeded its LSC thresholds following HDF. These
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FIGURE1 | Boxplots graphs of BALP, TRACP5b, iPINP, and -CTX-I values before and after a single hemodialysis (HD) and hemodiafiltration

(HDF) session. [Color figure can be viewed at wileyonlinelibrary.com]
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Effect of the dialysis technique and dialysis membrane on bone biomarker values. Results are shown as median percentage of variation (IQR).
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variations can be attributed to differences in molecular weight,
as 3-CTX-I1 (3-8kDa) is smaller than BALP (115kDa), TRACP5b
(36kDa), and iPINP (35-70kDa), which likely facilitates its dif-
fusion across dialysis membranes.

4 | Conclusion

Bone markers, such as BALP, TRACP5b, iPINP, and 3-CTX-I, are
recommended to assess bone turnover in patients suffering from
CKD. While some of these markers are considered stable and inde-
pendent of renal function, their behavior during a dialysis session
is less well understood. Investigating the post-dialysis fluctuations
in their circulating levels was essential to enhance the reliability of
clinical interpretations. Indeed, understanding these post-dialysis
variations may facilitate the accurate interpretation of pre-dialysis
levels during long-term patient monitoring and help to avoid mask-
ing an increase in BTM due to artificial decrease after dialysis.

Several limitations should be considered when interpreting the
results. The small sample size limits the generalizability of the
findings, and heterogeneity in dialysis parameters (e.g., duration
and dialysate composition) may introduce variability. Patient-
specific data, such as comorbidities and residual renal function,
were not considered. Moreover, the risk of underestimation of
hemoconcentration by the applied correction method, especially
for the non-filtered parameters BALP and TRACP5b, must be
accounted for [9].

These findings suggest that BALP, TRACP5b, and iPINP exhibit
low variability across various dialysis conditions, with changes
remaining below the LSC, which indicates negligible influences
of dialysis. In contrast, 3-CTX-I levels decreased significantly
following HD and HDF, likely due to its smaller molecular size,
which suggests a high influence of dialysis. These results are
relevant for the clinical interpretation of BTMs, which play a
central role in the clinical management of CKD-associated oste-
oporosis [10]. Accordingly, these results support the hypothesis
that BALP, TRACP5b, and iPINP are robust bone markers in
CKD-MBD patients, while the variability of §-CTX-I limits its
reliability in this population.
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