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ABSTRACT

Background. Beta-2 microglobulin (b2M) accumulates in hemodialysis (HD) patients, but its consequences are controversial,
particularly in the current era of high-flux dialyzers. High-flux HD treatment improves b2M removal, yet b2M and other middle
molecules may still contribute to adverse events. We investigated patient factors associated with serum b2M, evaluated trends
in b2M levels and in hospitalizations due to dialysis-related amyloidosis (DRA), and estimated the effect of b2M on mortality.

Methods. We studied European and Japanese participants in the Dialysis Outcomes and Practice Patterns Study. Analysis of
DRA-related hospitalizations spanned 1998–2018 (n¼23 976), and analysis of b2M and mortality in centers routinely measuring
b2M spanned 2011–18 (n¼5332). We evaluated time trends with linear and Poisson regression and mortality with Cox regression.

Results. Median b2M changed nonsignificantly from 2.71 to 2.65 mg/dL during 2011–18 (P¼0.87). Highest b2M tertile patients
(>2.9 mg/dL) had longer dialysis vintage, higher C-reactive protein and lower urine volume than lowest tertile patients
(�2.3 mg/dL). DRA-related hospitalization rates [95% confidence interval (CI)] decreased from 1998 to 2018 from 3.10 (2.55–
3.76) to 0.23 (0.13–0.42) per 100 patient-years. Compared with the lowest b2M tertile, adjusted mortality hazard ratios (95%
CI) were 1.16 (0.94–1.43) and 1.38 (1.13–1.69) for the middle and highest tertiles. Mortality risk increased monotonically with
b2M modeled continuously, with no indication of a threshold.

Conclusions. DRA-related hospitalizations decreased over 10-fold from 1998 to 2018. Serum b2M remains positively
associated with mortality, even in the current high-flux HD era.
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INTRODUCTION

Beta-2 microglobulin (b2M) is a protein expressed on the surfa-
ces of all nucleated cells; it is a middle molecule (molecular
weight, 11.8 kDa) and a light-chain component of the major his-
tocompatibility Class I molecules associated with the heavy-
chain components on cell surfaces. Excess b2M forms fibrillar
structures and amyloid deposits [1], primarily in osteoarticular
structures and the viscera [2, 3]. b2M accumulation in the blood
has been associated with a decrease in residual kidney function
[4–6] and an increased risk of all-cause, cardiovascular and in-
fectious deaths [7–11].

b2M clearance has long been a surrogate for middle-molecule
clearance among patients receiving hemodialysis (HD) [12]. The
combination of declining residual kidney function and a low rate
of b2M removal by low-flux cuprophane and cellulose acetate di-
alysis membranes did not provide sufficient b2M reduction [13].
This impaired b2M clearance became associated with a higher
risk of dialysis-related amyloidosis (DRA), a rare but devastating
complication resulting in carpal tunnel syndrome (CTS), organ
deposition of amyloid deposits, and a painful and debilitating ar-
thropathy. In addition to the DRA-related increased hospitaliza-
tion rates and quality of life issues observed during the
utilization period of these membranes, b2M accumulation poten-
tially contributed to morbidity and mortality from other causes.

In contrast, modern HD therapy includes the use of highly per-
meable and high-flux membranes that enhance b2M clearance.
Yet dialysis treatment itself may increase b2M production by act-
ing as an inflammatory stimulus; this may vary by membrane
type and dialysate buffer (acetate versus bicarbonate) and the use
of ultrapure dialysate [2, 14]. The combined use of ultrapure dialy-
sates and advanced biocompatible membranes is thought to help
reduce inflammation and b2M production [15, 16].

Although the incidence of DRA has decreased over time [17], the
resulting impact of increasing b2M removal remains controversial.
The Hemodialysis (HEMO) study did not show a beneficial effect of
high-flux dialyzers on all-cause deaths [18]; however, a subanalysis
indicated that their use was associated with decreased risk of death
in patients with longer vintage [19]. On the other hand, the
Membrane Permeability Outcome study of only incident patients
showed that the use of high-flux membranes conferred a signifi-
cant survival benefit among patients with serum albumin �4 g/dL
and in a post hoc analysis in the subset of patients with diabetes [20].

These findings call for a better understanding of the impact of
b2M levels on the mortality of dialysis patients. This is particularly
salient in the modern era of high-flux HD where direct b2M-re-
lated toxicity appears to be decreasing in response to enhanced
b2M clearance. If higher b2M levels remain associated with in-
creased risk of other adverse outcomes, then further reduction
may be an important therapeutic target in the management of
chronic HD patients. The most compelling results will require
analyses of data from large national samples of HD patients who
received b2M measurement as part of routine care, an uncommon
situation. Our data and approach uniquely support this study’s
objectives to identify patient factors associated with serum b2M
level, evaluate trends over time in b2M levels and DRA-related
hospitalizations, and estimate the effect of b2M on mortality.

MATERIALS AND METHODS
Dataset

We examined data from the Dialysis Outcomes and Practice
Patterns Study (DOPPS). The DOPPS (http://www.dopps.org) is

an international prospective cohort study of HD patients
�18 years of age. At the start of each study phase, DOPPS enrolls
random samples of patients from stratified, national random
samples of dialysis facilities, with departing patients replaced
as described previously [21–23].

We analyzed DOPPS patients from Japan and Europe (France,
Italy and Spain). Analysis of DRA included DOPPS Phases 1–6
(1998–2018), while analysis of b2M used Phases 4–6 (2011–18) as
b2M measures were not collected in previous DOPPS phases.
Individual patients enrolled in multiple study phases may be
represented multiple times.

For inclusion in our analyses of b2M in DOPPS Phases 4–6, we
identified 5332 patient measures from 3533 individuals in 77 HD
facilities in Japan (n¼ 3839) and Europe (n¼ 1493; France n¼ 356,
Italy n¼ 364 and Spain n¼ 773; Figure 1). b2M values were
obtained via predialysis blood test. Over 70% of these samples
were collected in Japan, where b2M measurement is now rou-
tine at many HD centers. For analysis of DRA in Phases 1–6, we
identified 23 976 patient measures from 336 HD facilities in
Japan (n¼ 9081) and Europe (n¼ 14 895).

Patient medical record abstraction provided demographic
data, comorbid conditions, laboratory values and dialysis
treatment parameters. We collected mortality and hospitaliza-
tion events during study follow-up. To reduce confounding
from the presence of residual kidney function in the DRA
analysis, we restricted the sample to patients dialyzing for at
least 1 year. To reduce bias from measurement-by-indication
in analyses of b2M, in each phase we restricted to sites that
routinely measured b2M; this was defined as �50% of patients
having b2M levels reported in �50% of their 4-month follow-up
visit intervals.

A central Institutional Review Board approved each study
phase. We obtained additional study approvals and informed
patient consents as required by national and local ethics
regulations.

Statistical analyses

For b2M analyses, we ascertained baseline patient characteris-
tics as of the date of b2M measurement. We employed linear re-
gression to evaluate a time trend in b2M levels across DOPPS
Phases 4–6, adjusting for age, sex, dialysis vintage, diabetes di-
agnosis and region (Japan or Europe). We chose generalized esti-
mating equations (GEEs) with exchangeable working correlation
structure to account for patients clustered in facilities.
Assessment of DRA-related hospitalization rates across DOPPS
Phases 1–6 was achieved with Poisson regression, both unad-
justed and adjusted as in the linear model above, and using GEE
with independent working correlation structure. We defined
DRA-related hospitalizations as those where the identified
cause was listed as DRA or CTS.

Cox regression was used to estimate the association [hazard
ratio (HR), 95% confidence interval (CI)] between tertile catego-
ries of baseline b2M and all-cause mortality in Phases 4–6. We
adjusted for baseline age, sex, dialysis vintage, region, DOPPS
phase, residual urine volume (�200 or <200 mL/day), serum al-
bumin and five comorbidities (diabetes, coronary heart disease,
congestive heart failure, cerebrovascular disease and other car-
diovascular diseases). We fit models using all patients and in
prespecified subgroups based on region, residual urine volume
(�200 or <200 mL/day) and dialysis modality [hemodiafiltration
(HDF) or HD]. We also fit a Cox model where b2M was used con-
tinuously, coding it as a natural cubic spline with knots at 1.7,
2.3, 2.9 and 3.5 mg/dL, corresponding approximately to the 10th,
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33rd, 67th and 90th percentiles; adjustments were as in the
model with categorical b2M. Patient clustering within facilities
was accounted for with the robust sandwich covariance estima-
tor [24]. Time at risk for all Cox models began at baseline and
ended at death or last date of study follow-up.

We used multiple imputations, implemented by IVEware
[25], to impute missing covariate values for the survival analy-
ses. Overall, missingness was low, at <2% for all covariates ex-
cept for Kt/Vurea (11%) and residual urine volume (12%). We
imputed 20 complete data sets, performed all Cox regressions
with each data set and combined the results using Rubin’s rules
[26]. All analyses used SAS software, version 9.4 (SAS Institute,
Cary, NC, USA).

RESULTS

In a cross-sectional, unadjusted analysis, patients in the highest
b2M tertile (>2.9 mg/dL) had longer dialysis vintage, greater like-
lihood of urine volume <200 mL/day, lower prevalence of diabe-
tes, and higher levels of serum creatinine, phosphorus and C-
reactive protein (CRP) than patients in the middle (2.3–2.9 mg/
dL) and lowest (�2.3 mg/dL) b2M tertiles (Table 1). We observed
little association between b2M and HD treatment time or cathe-
ter use. Among patients using HDF, patients in the highest b2M
tertile tended to have lower replacement fluid volume than
patients in the middle and lowest tertiles.

Across DOPPS Phases 4–6 (2011–18), median [interquartile
range (IQR)] b2M changed nonsignificantly from 2.71 mg/dL
(2.28–3.14) to 2.67 (2.22–3.12) to 2.65 (2.28–3.05). In adjusted re-
gression, the P-value for linear trend in b2M levels over DOPPS
Phases was P¼ 0.87. The crude rate of DRA-related

hospitalizations fell sharply across Phases 1–6 (1998–2018), from
3.10 (95% CI 2.55–3.76) to 0.23 (95% CI 0.13–0.42) hospitalizations
per 100 patient-years (Supplementary data, Figure S1).
Consistent with the crude rates, the adjusted rate of hospital-
izations declined across phases (P< 0.0001).

Median (IQR) follow-up time for mortality analyses was
2.2 years (1.5–2.8) in Japan and 1.3 years (0.8–2.1) in Europe.
Crude death rates in the lowest, middle and highest b2M tertiles
were 4.5, 4.9 and 6.0 deaths per 100 patient-years in Japan and
11.1, 15.1 and 14.9 in Europe. In adjusted Cox regression with
data combined across regions, the highest b2M tertile was
strongly associated with increased risk of death (HR ¼ 1.38, 95%
CI 1.13–1.69) relative to the lowest tertile (Table 2). This finding
was replicated within all subgroups. Among patients with urine
volume �200 mL/day, the associations were notably stronger,
with both the highest (HR ¼ 1.96, 95% CI 1.34–2.86) and middle
(HR ¼ 1.56, 95% CI 1.04–2.32) tertiles having increased risk of
death relative to the lowest. With b2M coded as a spline
(Figure 2), the adjusted hazard of death increased monotonically
across the range of b2M values. These findings were nearly
identical in separate models that additionally adjusted for the
dialysis treatment characteristics of Kt/Vurea, treatment time
and use of HDF versus HD (Supplementary data, Table S1).

DISCUSSION

In this study, despite the observation of non-significant changes
in circulating b2M during DOPPS Phases 4–6 (2011–18), the rate
of DRA-related hospitalizations decreased 10-fold across Japan
and Europe from 1998 to 2018. Higher serum b2M levels were as-
sociated with lower survival rates in both Japan and Europe in

All patients assessed in
DOPPS phases 4–6:
• 21 countries
• 79 722 participationsa

• 62330 unique patients

Analysis sample:
• 4 countries
• 5332 participations:
  Japan = 3839
  France = 356
  Italy = 364
  Spain = 773
• 3533 unique patients

Exclusions because a facility did not
routinely measure β2Mb in a given phase:
• 17 countries
• 73 509 participations

881 participations excluded because:
• Not on HD 3×/week (n=308)
• No follow-up (n=117)
• β2M never measured (n=456)

FIGURE 1: Patient flow diagram for b2M analyses.
aNumber of participations represents patient phases; unique individuals may have data in one, two or three phases, thus contributing up to three participations. In our

analysis, patients’ data are considered independent across phases.
bWithin each phase, a facility was determined to ‘routinely measure b2M’ if �50% of patients had b2M reported in �50% of patient rounds.
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analysis of data from the current high-flux dialysis era (2011–
18), even with adjustment for numerous patient and dialysis
treatment characteristics.

A subanalysis of the HEMO study showed that b2M levels
>3.5 mg/dL were associated with a higher risk of death than
b2M levels <2.75 mg/dL [9]. The Japanese Society for Dialysis
Therapy (JSDT) clinical guideline for maintenance HD showed
that b2M levels �3.0 mg/dL were associated with a higher risk
than b2M levels between 2.5 and 3.0 mg/dL [11]. Based on this
finding, the JSDT clinical guideline for maintenance HD recom-
mended achieving serum b2M levels <3.0 mg/dL [11]. However,
in our study, the relationship between mortality and b2M levels
was monotonic, without a clear indication of a threshold in the
range of b2M from 1.4 to 4.0 mg/dL (Figure 2). Considering these

findings, targeting still lower b2M levels may improve patients’
prognosis. However, the causality of this association cannot be
assessed by the present observational study. Interventional
studies are needed to show the threshold of b2M levels for bet-
ter survival.

The results of our study corroborate the importance of mid-
dle molecules, including serum b2M accumulation as a marker
for death. Thus, appropriate selection of dialyzer membrane
material is important for the effective clearance of b2M and
other middle molecules, with potential implications for patient
prognosis. Indeed, high-flux membrane dialysis effectively
removes b2M [27, 28] and is recommended by the JSDT clinical
guideline for maintenance HD, the European Best Practice
Guideline on dialysis strategies and the Kidney Health

Table 1. Patient characteristics according to b2M tertile, by region

Characteristics

Europe Japan

Lowest
(n¼ 591)

Middle
(n¼ 374)

Highest
(n¼ 528)

Lowest
(n¼ 1214)

Middle
(n¼ 1426)

Highest
(n¼ 1199)

Male, % 65 59 62 70 67 63
Age, years 67 6 15 69 6 15 66 6 15 66 6 12 65 6 12 65 6 12
Vintage, years 3.2 6 5.0 5.0 6 5.9 6.0 6 6.9 4.2 6 7.7 8.0 6 7.6 8.6 6 7.0
Body mass index, kg/m2 26 6 5 26 6 5 25 6 5 22 6 4 22 6 3 21 6 4
Pain (self-report, higher is less pain)a 61 6 32 50 6 32 55 6 31 70 6 30 67 6 29 65 6 31
Urine volume <200 mL/day, % 54 73 80 61 80 89
Treatment characteristics

Kt/Vurea 1.6 6 0.3 1.6 6 0.3 1.6 6 0.3 1.3 6 0.3 1.4 6 0.3 1.5 6 0.3
Treatment time, h 3.9 6 0.4 3.9 6 0.6 3.9 6 0.4 3.8 6 0.5 4.0 6 0.5 4.1 6 0.4
HDF, % 26 32 20 7 13 15
Catheter use, % 33 26 32 1 1 0

HDF replacement fluid volume, %
<4.0 L 0 0 0 6 3 3
4.0–15.0 L 10 5 7 33 37 43
15.1–20.0 L 26 30 41 3 1 2
>20.0 L 64 65 51 59 59 51

Laboratory data
b2M, mg/dL 1.7 6 0.4 2.6 6 0.2 3.8 6 0.9 1.9 6 0.3 2.6 6 0.2 3.4 6 0.5
Albumin, g/dL 3.8 6 0.5 3.8 6 0.5 3.8 6 0.5 3.6 6 0.4 3.7 6 0.4 3.6 6 0.4
Creatinine, mg/dL 6.9 6 2.4 8.2 6 2.4 9.0 6 2.5 8.5 6 2.6 10.8 6 2.7 11.1 6 2.6
Phosphorus, g/dL 4.3 6 1.2 4.5 6 1.4 4.7 6 1.5 5.1 6 1.2 5.3 6 1.4 5.5 6 1.5
Parathyroid hormone, pg/mL 304 6 286 333 6 330 324 6 337 180 6 189 164 6 167 163 6 148
TSAT, % 26.4 6 12.0 26.6 6 12.1 27.0 6 12.7 24.5 6 11.6 25.5 6 12.2 23.6 6 12.5
Ferritin, ng/mL 420 6 399 429 6 307 495 6 436 135 6 193 143 6 232 152 6 271
Hemoglobin, g/dL 11.5 6 1.5 11.6 6 1.5 11.6 6 1.5 10.7 6 1.2 10.6 6 1.3 10.7 6 1.3
CRP, mg/L 13.0 6 32.2 10.9 6 16.8 16.2 6 27.9 3.8 6 14.3 4.0 6 10.6 7.5 6 19.0

Comorbidities, %
Diabetes 45 32 28 49 39 36
Hypertension 93 86 83 83 85 81
Coronary heart disease 32 27 29 27 28 27
Cerebrovascular disease 14 17 15 13 17 15
Congestive heart failure 21 23 23 17 19 21
Peripheral vascular disease 36 37 33 14 15 16
Other cardiovascular disease 32 35 31 20 26 28
Cancer (nonskin) 12 17 16 12 11 12
GI bleeding 5 5 2 3 4 4
Lung disease 20 21 16 4 4 5
Neurologic disease 14 14 13 7 8 6
Psychiatric disorder 18 18 23 4 5 4
Recurrent cellulitis or gangrene 8 6 9 3 2 4
Carpal tunnel 2 3 3 5 5 4

b2M tertiles are lowest (�2.3 mg/dL), middle (2.3–2.9) and highest (>2.9). Characteristics are reported as mean 6 SD or %.
aSelf-reported pain score from the Kidney Disease Quality of Life-36 Survey (KDQOL-36). Note that 44% of patients had missing data for this item.
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Australia-Caring for Australasians with Renal Impairment
Guideline Dialysis adequacy [11, 29, 30].

In our subgroup analyses, the mortality risk associated with
elevated b2M was greater for patients with residual urine vol-
ume �200 versus <200 mL/day (P¼ 0.02 for interaction). While
preserving residual kidney function is an important strategy to
maintain low b2M levels, the cause of this stronger positive as-
sociation of mortality with b2M among persons with residual
urine volume requires further study. Perhaps not all urine vol-
ume represents the same degree of clearance, and higher levels
of b2M may serve as a surrogate for impaired renal clearance of
other middle and large molecules. In this regard, Evenepoel
et al. [31] demonstrated that in a cohort of HD patients, 17% of
total b2M clearance was due to residual urinary clearance com-
pared with only 6% of total urea clearance, suggesting that re-
sidual kidney clearance of b2M is significant even among HD
patients. The presence of a higher inflammatory burden may

also play a role among patients with residual kidney function,
as CRP levels are higher in patients with higher b2M levels. In
another subgroup analysis, the risk of death in patients with
high versus low b2M was similar in HD and HDF, indicating that
the negative impact of high b2M levels on patient outcome can
be observed across modalities. Further study is needed to quan-
tify the relative contribution of b2M production versus excretion
on the excess mortality risk of b2M among patients with resid-
ual kidney function.

A meta-analysis showed that convective therapies (high-
flux HD, hemofiltration or HDF) are more effective than low-flux
HD in reducing all-cause mortality; increasing the clearance of
middle molecules (b2M); reducing the circulating levels of ho-
mocysteine, advanced glycation end products and pentosidine;
and decreasing serum concentration of inflammatory bio-
markers [32]. Furthermore, medium cut-off dialyzers hold the
potential to positively impact b2M levels, since these novel fil-
ters remove a wide range of middle and larger molecules more
effectively than high-flux HD [33]. Although a higher residual
kidney function, higher dialyzer flow, higher cut-off membranes
and convective therapies may reduce serum b2M level, none
appears individually sufficient to normalize b2M levels in many
patients. Further studies are necessary to explore whether or
not enhanced removal of b2M via dialytic approaches stands to
improve survival for HD patients, which could not be assessed
in the present study.

The frequency of serum b2M measurements was higher in
Japan than in the included European countries and much higher
than in other DOPPS countries. Since the JSDT clinical guideline
recommends routine measurement of serum b2M level every
3 months, it is common practice in Japan to select an appropri-
ate dialyzer with high-flux membrane characteristics and
change to other modes of dialysis therapy such as HDF in
patients with high serum b2M levels [11]. The impact of the
practice of using b2M levels to guide clinicians in the selection
of dialyzer and dialysis modality on clinical outcomes deserves
further investigation.

This work has some limitations largely related to the ob-
servational nature of this study, which cannot definitively es-
tablish a causal relationship between b2M and mortality. In
this regard, unmeasured confounders may bias the results.
The positive association between b2M levels and mortality
may possibly reflect patient factors that lead to higher

Table 2. HRs (95% CI) for all-cause mortality by b2M tertile, relative to the lowest tertile

Patient group n Deaths

HR (95% CI) by b2M tertile

Interaction P-valueLowest Middle Highest

All patients 5332 696 1 (ref) 1.16 (0.94–1.43) 1.38 (1.13–1.69)
By region

Europe 1493 288 1 (ref) 1.32 (1.00–1.74) 1.44 (1.09–1.91) 0.40
Japan 3839 408 1 (ref) 1.11 (0.82–1.50) 1.32 (1.00–1.75)

By residual urine volume
�200 mL/day 1367 139 1 (ref) 1.56 (1.04–2.32) 1.96 (1.34–2.86) 0.02
<200 mL/day 3965 557 1 (ref) 1.09 (0.86–1.40) 1.28 (1.01–1.62)

By dialysis modality
HDF 823 112 1 (ref) 1.04 (0.69–1.56) 1.30 (0.79–2.15) 0.65
HD 4509 584 1 (ref) 1.17 (0.93–1.48) 1.40 (1.12–1.73)

Based on Cox regression, adjusting for age, sex, region (Europe or Japan), DOPPS phase, dialysis vintage, residual urine volume (�200 or <200 mL/day), serum albumin

and five comorbidities (diabetes, coronary heart disease, congestive heart failure, cerebrovascular disease and other cardiovascular diseases). Interaction P-values test

the interactions between b2M and each of region, residual urine volume and dialysis modality (HDF or HD). b2M tertiles are lowest (�2.3 mg/dL), middle (2.3-2.9) and

highest (>2.9).

1.8

1.6

1.4

1.2

1.0

0.8

0.6
1.7 2.3 2.9 3.5

H
az

ar
d 

ra
tio

 fo
r a

ll-
ca

us
e 

m
or

ta
lit

y

β2M (mg/dL)

FIGURE 2: Adjusted HRs (95% CI) for all-cause mortality by continuous b2M level,

relative to a b2M of 2.3 mg/dL.

Based on Cox regression, with b2M coded as a natural cubic spline with knots

at 1.7, 2.3, 2.9 and 3.5 mg/dL, corresponding to the 10th, 33rd, 67th and 90th

percentiles of b2M in our sample. Adjusted for age, sex, region (Europe or

Japan), DOPPS Phase, dialysis vintage, residual urine volume (�200 or <200 mL/

day), serum albumin and five comorbidities (diabetes, coronary heart disease,

congestive heart failure, cerebrovascular disease and other cardiovascular dis-

eases). Plot extends between the 5th and 95th percentiles of b2M, that is, be-

tween 1.4 and 4.0 mg/dL.
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systemic inflammation or other comorbid illnesses that, in
turn, result in increased generation or reduced clearance of
b2M. Multiple myeloma could be a source for increased b2M
production; however, this diagnosis was very rare in our sam-
ple (0.3%). b2M may also be a surrogate for other middle mole-
cules, which may have led to the higher mortality risk that we
observed. That is, outcomes may be poor among patients with
elevated b2M independent of efforts to enhance dialytic b2M
removal. Additionally, while we show that serum b2M level is
informative, it may not be a true reflection of the total body
burden of b2M. In our analysis, we also did not include
patients with missing b2M data, which may have resulted in
selection bias despite our attempt to address this by only in-
cluding patients from facilities conducting regular b2M mea-
surement in the majority of their patients. The data in this

analysis did not indicate the types of dialyzer used or the dia-
lyzer specifications for b2M clearance or the use of ultrapure
dialysate. Thus, we were unable to evaluate the specific
effects of these technological differences on b2M clearance or
risk of death. In addition, when evaluating the reduction of
DRA-related hospitalization rates, we must consider the fact
that the surgical treatment for CTS changed from an inpatient
to an outpatient procedure and that DRA-related hospitaliza-
tion was self-reported by the clinic and was not validated by
any histologic confirmation.

CONCLUSIONS

The current era of high-flux HD provides the technological
means to support improved clearance of b2M and other middle
molecules. Despite this treatment availability, some HD
patients still experience higher levels of serum b2M, a status we
found to be associated with increased mortality, even when
controlling for potential confounders. The dialysis community
needs future studies to evaluate the effectiveness of evolving di-
alytic strategies that target yet greater clearance of b2M and
other middle or large molecules and their impact on clinical
outcomes.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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