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A B S T R A C T

A B S T R A C T . Background. Dialysis patients are typically in-
active and their physical activity (PA) decreases over time.
Uremic toxicity has been suggested as a potential causal factor
of low PA in dialysis patients. Post-dilution high-volume online
hemodiafiltration (HDF) provides greater higher molecular
weight removal and studies suggest better clinical/patient-
reported outcomes compared with hemodialysis (HD).
Methods. HDFIT was a randomized controlled trial at 13 clin-
ics in Brazil that aimed to investigate the effects of HDF on mea-
sured PA (step counts) as a primary outcome. Stable HD
patients (vintage 3–24 months) were randomized to receive
HDF or high-flux HD. Treatment effect of HDF on the primary
outcome from baseline to 3 and 6 months was estimated using a
linear mixed-effects model.
Results. We randomized 195 patients (HDF 97; HD 98) be-
tween August 2016 and October 2017. Despite the achieve-
ment of a high convective volume in the majority of ses-
sions and a positive impact on solute removal, the
treatment effect HDF on the primary outcome was þ538
[95% confidence interval (CI) �330 to 1407] steps/24 h af-
ter dialysis compared with HD, and was not statistically sig-
nificant. Despite a lack of statistical significance, the ob-
served size of the treatment effect was modest and driven
by steps taken between 1.5 and 24.0 h after dialysis, in

particular between 20 and 24 h (þ197 steps; 95% CI �95
to 488).
Conclusions. HDF did not have a statistically significant treat-
ment effect on PA 24 h following dialysis, albeit effect sizes may
be clinically meaningful and deserve further investigation.

Keywords: accelerometry, dialysis recovery time, hemodiafil-
tration, physical activity, quality of life

I N T R O D U C T I O N

End-stage kidney disease (ESKD) affects patients’ physical
function and vitality, with most being sedentary (taking
<5000 steps/day) [1–3]. Inactivity in ESKD is associated with
onset/worsening of negative outcomes including poor quality of
life (QOL), fatigue, psychiatric diseases, cardiovascular events
and mortality [2–6]. Physical activity (PA) is important in
maintaining/improving health in all populations [7–9]. ESKD
patients with a kidney transplant perform significantly higher
levels of objectively measured PA compared with hemodialysis
(HD) patients [10]. Given that the attributes of differing dialysis
modalities are suggested to associate with distinct outcomes
[11–14], it might be possible that dialysis modalities and/or
dose may confer an effect on measured free-living PA, but this
has not been compared in randomized controlled trials (RCTs).

KEY LEARNING POINTS

What is already known about this subject?

• kidney dialysis patients are inactive and generally have decreasing measured activity levels over dialysis time, however
kidney transplant patients generally perform higher levels of measured physical activity (PA) than dialysis patients;

• uremic toxicity has been suggested to be a hypothetical causal factor influencing low activity levels in dialysis patients;
and

• given high-volume on-line hemodiafiltration (HDF) provides greater removal of high molecular weight uremic reten-
tion solutes and is suggested to associate with better outcomes than hemodialysis (HD), studies investigating possible
favourable effects of HDF on measured activity are warranted.

What this study adds?

• this trial found that clinically stable HD patients with no limitations in ambulation who were randomized to HDF did
not have a statistically significant improvement/preservation in their measured activity levels compared with patients
allocated to high-flux HD;

• the observed size of the treatment effect of HDF versus high-flux HD on measured activity levels was modest, was
most notable several hours after dialysis and might be clinically meaningful, which deserves further investigation; and

• HDF patients achieved a high convective volume throughout the trial, which was associated with lower urea and phos-
phorus levels compared with HD patients.

What impact this may have on practice or policy?

• this study adds to the body of evidence that high volume HDF can be effectively and safely implemented with
improvements in solute removal; and

• the systematic and standardized collection of accelerometry data will contribute to the understanding of granular levels
of PA in dialysis patients in relation to demographic, clinical characteristics and treatment schedules, providing a base
for the planning of PA interventions in dialysis patients.
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Compared with HD, high-volume hemodiafiltration (HDF)
provides greater solute removal, particularly middle-molecular
weight toxins, which are known to associate with poor out-
comes, compared with HD [15–18]. Also, HDF may confer he-
modynamic stability, which associates with better outcomes
[19]. HDF associates with improved patient reported and clini-
cal outcomes versus HD [11–14, 20]. Additionally, HDF may
decrease dialysis recovery time (DRT), particularly by reducing
hypotensive episodes during dialysis, and improve health-
related quality of life (HRQOL) when compared with HD, yet
there are inconsistencies in reports [20–22]. Since PA is a surro-
gate marker of outcomes, it might be possible that the beneficial
attributes of HDF could influence PA.

The primary objective of the ‘Impact of HemoDiaFIlTration
(HDFIT) on Physical Activity and Self-Reported Outcomes’
trial was to test the hypothesis that high-volume online HDF
will preserve/improve objective PA compared with high-flux
HD. In secondary objectives, we also evaluated the effect of
HDF on patient-reported outcomes, including DRT and
HRQOL.

M A T E R I A L S A N D M E T H O D S

Trial design

HDFIT was a prospective, multi-center, unblinded, RCT in-
vestigating the impact of dialysis modality on objectively mea-
sured PA (ClinicalTrials.gov: NCT02787161). The study design
and methodology have been previously published [23]. The trial
design was performed by multidisciplinary professionals in-
cluding clinical research and clinical nephrologists (trial con-
cept, selection of outcomes and implementation of HDF),
physical educators (implementation of accelerometry), dieti-
tians, dialysis nurses and study coordinators (implementation
of data capture and questionnaire application) and clinical

research professionals (protocol, statistical and data manage-
ment design).

Setting and participants

Fourteen outpatient dialysis centers in south-eastern Brazil
were activated for recruitment (Figure 1). Trial was managed by
the Center for Epidemiology and Clinical Research
(EPICENTER) academic clinical research organization based at
Pontifı́cia Universidade Católica do Paraná (PUCPR).

Informed consent was obtained before any study activities.
The trial included adult ESKD patients who started HD�3 and
�24 months before randomization, were using a fistula/graft or
permanent catheter with adequate flow, had a Kt/V�1.2, and
were considered clinically stable. The trial excluded patients
who were participating in another trial, had a severe limitation
in mobility/ambulation, were nonadherent with HD and/or
had a life expectancy of<3 months.

Ethical considerations

The study documents were approved by PUCPR ethics re-
view board (central application # 54926916.7.1001.0020; ap-
proval number 1.538.784). The trial was performed in
accordance with the Declaration of Helsinki.

Outcomes

Primary outcome was the difference in the change in steps/
24 h on dialysis days from baseline to the 6-month follow-up in
patients treated with HDF versus HD. The co-secondary out-
comes were the differences in the change in self-reported DRT
and Kidney Disease Quality of Life (KDQOL) subscores [i.e.
physical- and mental-component summary (PCS and MCS)
scores] from baseline to the 6-month follow-up in patients
treated with HDF versus HD.

FIGURE 1: Map of participant recruitment by study site location in Brazil (map of Brazil obtained from R version 3.4.0 and the packages
ggmap, maptools, maps and RgoogleMaps) [36].

Effect of HDF on measured physical activity 1059



Table 1. Baseline patient characteristics

Parameter Overall HDF HD P-value HDF
versus HD

Demographics
Patient number 195 97 98 NA
Age, years 53.0 (15.1) 52.6 (15.9) 53.3 (14.3) 0.748
Male, % 139 (71.3) 71 (73.2) 68 (69.4) 0.668
Race white, % 115 (59.0) 61 (62.9) 54 (55.1) 0.337
Height, cm 168.1 (8.4) 168.3 (8.7) 167.9 (8.2) 0.724
Monthly family income level, %
>10 minimum wages 17 (9) 7 (4) 10 (5) 0.387
4–10 minimum wages 54 (28) 26 (13) 28 (14)
2–4 minimum wages 88 (45) 50 (26) 38 (19)
<2 minimum wages 36 (18) 14 (7) 22 (11)

Transportation type to clinic, %
Family car 84 (43) 43 (22) 41 (21) 0.692
Public transportation 65 (33) 29 (15) 36 (18)
Ambulance 32 (16) 19 (10) 13 (7)
Taxi 9 (5) 4 (2) 5 (3)
Walk 5 (3) 2 (1) 3 (2)

Dialysis shift, % 0.866
First shift 59 (34) 28 (32) 31 (36)
Second shift 67 (39) 35 (40) 32 (37)
Third shift 48 (28) 24 (28) 24 (28)

Clinical characteristics
Estimated dry weight, kg 75.3 (15.9) 73.8 (15.2) 76.6 (16.6) 0.223
BMI (calculated by post-HD weight), kg/m2 26.7 (4.9) 26.0 (4.2) 27.3 (5.4) 0.056
BSA (Dubois calculation by post-HD

weight), m2
1.85 (0.2) 1.83 (0.2) 1.86 (0.2) 0.356

Catheter, % 22 (11.3) 11 (11.3) 11 (11.2) 1.000
Pre-dialysis weight, kg 77.8 (16.0) 76.2 (15.1) 79.3 (16.7) 0.171
Post-dialysis weight, kg 75.5 (15.8) 73.9 (14.9) 77.1 (16.6) 0.167
Pre-dialysis SBP, mmHg 153 (24) 155 (24) 152 (24) 0.425
Pre-dialysis DBP, mmHg 81 (13) 81 (13) 81 (14) 0.984
Pre-dialysis pulse (beats per minute) 76 (13) 74 (12) 77 (13) 0.122
Post-dialysis SBP, mmHg 148 (23) 151 (25) 146 (21) 0.111
Post-dialysis DBP, mmHg 77 (13) 79 (13) 76 (14) 0.213
Post-dialysis pulse (beats per minute) 74 (12) 73 (12) 75 (12) 0.235

Comorbidities, %
Diabetes 68 (34.9) 28 (28.9) 40 (40.8) 0.121
Coronary artery disease 33 (16.9) 14 (14.4) 19 (19.4) 0.464
Congestive heart failure 15 (7.7) 5 (5.2) 10 (10.2) 0.292

DRT
DRT, median (IQR), min 30 (0–90) 30 (0–120) 30 (0–60) 0.578
DRT�0.5 h (%) 110 (57.6) 52 (54.2) 58 (61.1) 0.872
DRT>0.5 to �1 h (%) 31 (16.2) 16 (16.7) 15 (15.8)
DRT>1 to �2 h (%) 18 (9.4) 10 (10.4) 8 (8.4)
DRT>2 to �4 h (%) 15 (7.9) 9 (9.4) 6 (6.3)
DRT>4 h (%) 17 (8.9) 9 (9.4) 8 (8.4)

Laboratory values
Pre-HD BUN, mg/dL 58.2 (13.1) 58.8 (12.9) 57.6 (13.3) 0.532
Post-HD BUN, mg/dL 17.1 (7.7) 16.4 (6.3) 17.8 (8.8) 0.206
Single pool Kt/V 1.5 (0.4) 1.6 (0.4) 1.5 (0.4) 0.121
Albumin, g/dL 4.0 (0.4) 4.0 (0.3) 4.0 (0.4) 0.718
Potassium, mEq/L 5.2 (0.8) 5.2 (0.7) 5.2 (0.9) 0.507
Calcium, mg/dL 9.0 (0.7) 9.0 (0.7) 8.9 (0.7) 0.233
Phosphate, mg/dL 5.3 (1.4) 5.2 (1.4) 5.4 (1.5) 0.378
Intact parathyroid hormone, pg/mL 351 (290) 340 (266) 361 (313) 0.624
Hgb, g/dL 11.1 (1.6) 11.3 (1.6) 11.0 (1.7) 0.364

Descriptive statistics are presented as mean 6 SD, or as patient number (n) and percent (%) of population with exception of DRT. DRT is presented as the median values (min) and
the IQR overall, as well as, by the n and % for defined categories of DRT in blocks of time (h) after dialysis. BMI, body mass index; BSA, body surface area; SBP, systolic blood pressure;
DBP, diastolic blood pressure. Minimum wage per individual in Brazil was 880 reais per month in 2016.
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Procedures and interventions

Run-in and randomization. Study participants had up to a
4-week screening and run-in period where baseline measure-
ments were captured by investigators, research dialysis nurses
and study coordinators at each clinic. Low-flux HD patients
were converted to high-flux HD for a 4-week run-in period be-
fore randomization. High-flux HD patients had a 1- to 4-week
run-in period. Patients were randomized in a 1:1 ratio, stratified
by center and HD shift, to either be treated by high-volume on-
line HDF or continue to receive high-flux HD. Standardized
high-flux dialyzers were used for HDF (Fresenius Polysulfone
HDF 100VR ) and HD (Fresenius FX Classix 100VR ). The protocol
recommended substitution fluid and dialysate compositions in-
cluded: sodium 138 mmol/L, potassium 2 mmol/L, calcium
1.5 mmol/L, bicarbonate 32 mmol/L and glucose 5.5 mmol/L.
The recommended dialysis treatment duration was 240 min. A
standardized dialysis needle size (15-gauge) was used for HDF.
HDF was performed in the post-dilution mode with a target
convection volume of 22 L/treatment. The dialysate tempera-
ture was chosen at the investigators discretion and per protocol
it was requested to not be changed during the study [23].

Assessments. Demographics, comorbidities and other
parameters listed in Table 1 were captured during baseline us-
ing electronic Case Report Forms (eCRF). Dedicated study staff
(research nurse/study coordinator) captured trial data in each
clinic from medical records, clinician assessments and patient
reported data on surveys, income and the distance to the clinic.
At baseline, 3- and 6-month visits, KDQOL-SF version 1.3 and
DRT questionnaires were administered, clinical parameters
were assessed [e.g. adverse events (AEs) and dialysis treatment
data] and the most recent monthly laboratories were extracted
from medical records for hemoglobin (Hgb) and blood urea ni-
trogen (BUN) for the calculation of single-pool Kt/V [24]), and
quarterly values for albumin, potassium, calcium, phosphate
and intact parathyroid hormone.

PA was measured continuously > 7 days before each study
visit (baseline, 3 months and 6 months) using triaxial accelerom-
eter (ActiGraphTM wGT3X-BT model, Pensacola, USA) worn
on the waist [25–29]. The accelerometer was removed during
sleep and bathing and patients recorded their dialysis, sleep and
bathing times. A dedicated physical educator trained research
nurses and coordinators at each clinic on implementation of the
accelerometer and provided central oversight of data collection
throughout the trial. We used data on PA 24 h after dialysis.
Granular PA was also assessed for 30-min slices of data during
the 2-h period immediately following dialysis, 4.5-h slices of data

in a>2- to�20-h post-dialysis period and an�4-h slice of data
from a >20- to �24-h post-dialysis period that matches the du-
ration of the prior dialysis session (Figure 2). Moderate-to-vigor-
ous activity (MVPA) level cut points were chosen using the
Freedson VM3 Combination (2011) algorithm [23, 30]. The cut
points used for calculation of MVPA from acceleration counts
per minute (CPM) data considered activity ranging from 2690 to
infinity CPM to be MVPA and activity ranging from 0 to 2689
CPM as lower than MVPA. The metabolic rates were estimated
by the Freedson Adult 1998 algorithm [31].

Questionnaires administered to capture HRQOL at study
visits included the KDQOL-SF version 1.3 and DRT surveys.
The KDQOL-SF version 1.3 survey (RAND Healthcare, Santa
Monica, CA, USA) has been validated in Brazilian Portuguese
[32], while the DRT has only been validated in English [33].
The responses to the first 11 questions of the KDQOL-SF ver-
sion 1.3 survey, consisting of 36 items (i.e. the SF-36), were cap-
tured in the eCRF. PCS and MCS scores were computed from
the eight domains in the generic core of the SF-36 items within
the KDQOL-SF version 1.3 survey. The self-reported DRT sur-
vey used the question ‘How long does it take you to recover
from a dialysis session?’ and asked patients to answer in
minutes after dialysis.

Dialysis treatment characteristics, dialysis access events/
issues and the occurrence of intradialytic hypotension (IDH)
events were captured by dedicated research dialysis nurses dur-
ing routine treatments in the interventional period. Patients
were defined to have achieved protocol convective volume
(CV) targets (calculated by the sum of the total replacement
volume and session ultrafiltration) if the median across all
recorded sections was �22 L per treatment. Monthly CV data
were considered missing for if there was more than one record,
and all available data were used to estimate the per-patient
medians.

Statistical methods

Sample size. A power analysis was performed for the pri-
mary endpoint and details of sample size calculations have been
published [23]. Briefly, it was estimated that 86 patients in each
study arm would be needed to complete the 6-month follow-up
to provide a 90% power to detect a 20% effect with respect to
the primary outcome [23].

Analysis of outcomes. Categorical variables were calculated
in counts/proportions and continuous variables as mean [stan-
dard deviation (SD)] or median and interquartile range (IQR).
An intention-to-treat design was used in the analysis of out-
comes. Comparisons in absolute values between arms were per-
formed using Student’s t-test methods or Mann–Whitney rank-
sum U-test as appropriate. Linear mixed-effects models
(LMMs) with random slope and random intercept were con-
structed for the primary (i.e. steps per 24 h on dialysis days) and
sub-outcomes (i.e. DRT, PCS and MCS scores) to determine
the treatment effect of the intervention on mean changes from
baseline to 3 and 6 months for HDF versus HD.

LMMs included a random intercept and random slope,
where random intercept represents the variation for a given

Activity tracking over 7 days starting at the initiation of dialysis

24 hour period

One data slice Data slice every 30 minutes Data slice every 4.5 hours

Block A
(time of HDF/HD)

Block B
(end of HDF/HD to

≤ 2 h after HDF/HD)

Block C
(> 2 h after HDF/HD to same time as the start

of prior HDF/HD treatment)

24 hour period after end of HDF/HD used for assessment of primary outcomes

FIGURE 2: Design for the capture of PA levels.
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subject from the overall fixed intercept and the random slope
represents the variation from one included time point to an-
other. To explain the variability in the model, the dichotomous
treatment allocation was included as a fixed effect reflecting the
treatment effect of the intervention. In the general rearranged
equation of a LMM, our model would present as

Yij ¼ b00 þ b01Xi þ b10tij þ b11Xi�tij þ r0i þ r1itij þ eij

where r0i and r1itij represents the random effects on slope
(t included as a month into the study) and intercept (subject
identifier) and b01 the treatment effect of the intervention
(1 for HDF and 0 for HD). For the computation of our mod-
els, we used R software with the ‘nlme’ package [34]. The
function ‘lme’ was employed with the setting to (i) exclude
missing values, (ii) model fit by restricted log-likelihood, (iii)
maximum iteration of 50 (with uncomplicated convergence
of the models) and (iv) employing general-purpose optimiza-
tion based on Nelder–Mead, quasi-Newton and conjugate-
gradient algorithms.

A survival analysis with a log-rank test was performed to
compare the rate of time to events for AEs and serious adverse
events (SAEs). A chi-squared test was used to compare the
number of dialysis treatments with IDH episodes between

groups. Normalized protein catabolic rate (nPCR) and the cre-
atinine index were calculated based on previous validated for-
mulas [35]. Since data on residual renal function were not
collected, it was assumed to be null for all patients.

R E S U L T S

Recruitment and retention

Among 14 centers activated for recruitment, 195 eligible
patients from 13 centers were randomized to receive post-dilution
high-volume online HDF, or to continue high-flux HD, between
August 2016 and October 2017 (Figures 1 and 3) [36]. Overall, 44
patients were switched from low-flux HD to high-flux HD during
the 4-week run-in period; among these patients, randomized allo-
cation to HDF (n¼ 22) or high-flux HD (n¼ 22) was balanced.
Participant attrition was 8% (n¼ 15) and 11% (n¼ 21) at 3 and
6 months, respectively (Figure 3).

AEs

During the 6-month follow-up, there were five SAEs that in-
cluded hospitalization or mortality (HDF: n¼ 3; HD: n¼ 2)
and 10 non-serious AEs reported (HDF: n¼ 2; HD: n¼ 8).
There were no differences in SAE (log-rank test; P¼ 0.63) or
AE (log-rank test; P¼ 0.20) rates between HDF and HD. All

Allocated to con�nue high-flux HD (n=98)
• Enrolled in error and withdrawn (n=1)

Allocated to postdilu�on high-volume online
HDF (n=97)
• Enrolled in error and withdrawn before

interven�on (n=1)

Enrollment and Randomiza�on
Pa�ents randomized 1:1 ra�o stra�fied by center &

dialysis shi� to HDF or con�nue HD (n= 197)

Pa�ent Popula�on
Overall number of pa�ents at 13 par�cipa�ng clinics (n=2,100)

Assessed eligibility in adult HD pa�ents treated from August 2016 to September 2017

Screening
Pa�ents consented (n=199)

Excluded
Withdraw of consent (n=2)

Postdilu�on High-
Volume Online HDF

(n=98)

High-Flux HD
(n=99)

Alloca�on

Completed 6 months of follow up (n=87)
• Adverse event (n=1)
• Withdraw of consent (n=1)

Completed 6 months of follow up (n=87)
• Adverse event (n=1)
• Transplant (n=3)

6-Month Interven�onal Follow-Up

Completed 3 months of follow up (n=89)
• Lost to follow up (n=1)
• Withdraw of consent (n=1)
• Withdrawal due to non-adherence with

dialysis (n=2)
• Transplant (n=5)

Completed 3 months of follow up (n=91)
• Adverse event (n=2)
• Lost to follow up (n=1)
• Withdrawal due to non-adherence with

dialysis (n=2)
• Transplant (n=1)

3-Month Interven�onal Follow-Up

FIGURE 3: Participant flow diagram.
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SAEs/AEs were determined by the investigator and steering
committee to be not related to the HDF intervention.

Patient characteristics

Enrolled patients had a mean age of 53 6 15 years, 71% were
male, 11% used a catheter dialysis access and 35% had diabetes
(Table 1). There were no differences in demographics and clini-
cal characteristics between patients randomized to HDF versus
HD.

Treatment characteristics

The median (IQR) dialysis treatment time was 235 min in
HDF (233–240) and 235 min in HD (232–240) patients over
follow-up. Among 97 patients treated with HDF, 95 had CV
data available. There was a median (IQR) of 70 (63–73) sessions
with recorded CVs per patient during the follow-up. Monthly
mean CV was 27.6 6 3.0, 27.4 6 2.8, 27.1 6 2.9, 27.2 6 3.0,
27.3 6 2.9 and 27.5 6 2.9 L at 1–6 month, respectively. Overall,
99% of HDF patients achieved a mean target CV of 22 L/treat-
ment or greater throughout the follow-up (94 of 95 patients).

Incidence of IDH, as defined by European Best Practice
Guidelines criteria [37], occurred in 15 and 12 treatments per
100 patient months for HD and HDF, respectively (P¼ 0.186).

Profiles of PA

Accelerometry yielded valid activity data on 176 (HDF¼ 89;
HD¼ 87) patients at baseline, 173 (HDF¼ 88; HD¼ 85)
patients at 3 months and 162 (HDF¼ 83; HD¼ 79) patients at
6 months. At baseline, we found no differences in distribution
by seasons stratified by region across treatment arms
(Supplementary data, Table S1). PA/24-h after dialysis did not
differ at baseline between HDF versus HD groups (Table 2).

At 3 months, the HDF group performed consistent PA levels
with baseline, while the HD group had a decrease in steps/24 h
(HDF 5303 6 3442 versus HD 4249 6 2734, P¼ 0.03).
Distinctions were not sustained at 6 months (Figure 4 and
Table 2). Granular PA did not differ between arms at baseline,
yet there were differences in some select predefined periods
>2.0 h after dialysis (Table 3; Supplementary data, Tables S2
and S3).

Effect of HDF on PA levels

Assessment of the difference in the change of PA/24 h dur-
ing the 3 and 6 months showed no statistically significant dis-
tinctions between HDF versus HD (Figure 5; Supplementary
data, Table S4). The LMM estimation of the primary outcome
for the overall treatment effect of HDF found no significant dif-
ferences, although HDF patients took 538 more steps/24 h
[95% confidence interval (CI) �330 to 1407] compared with
HD (Figure 5B). We found no interaction between center re-
gion on the treatment effect of HDF (P¼ 0.73) (Supplementary
data, Table S1).

A prespecified sub-analysis of the differences in the change
of granular PA levels from baseline to 3 and 6 months identified
consistent signals (Figure 5C; Supplementary data, Tables S5–
S7). At 6 months, the difference in the change from baseline
showed HDF patients had 544 more steps (95% CI 37–1051)
preserved versus HD during the >11.0- to �15.5-h post-
dialysis period. LMM estimation of the overall treatment effect
of HDF on granular PA levels was not significantly different be-
tween treatment groups (Figure 5C). Albeit not significant, the
largest qualitative difference among predefined periods was
seen between 20 and 24 h after dialysis (197 steps; 95% CI �95
to 488).

*

Baseline Month 3
Month of follow-up

Month 6

6000

5000

4000

St
ep

s 
[c

ou
nt

]

Intervention
HDF
HD

FIGURE 4: Average absolute step counts per 24 h after the end of di-
alysis in HDF (red line) versus HD (blue line) patients. *P< 0.05.

Table 2. Average absolute PA levels per 24 h after dialysis

PA metric Baseline 3 months 6 months
HDF HD P-value HDF HD P-value HDF HD P-value

Step counts (SD) 5253 (3062) 5045 (3936) 0.696 5303 (3442) 4249 (2734) 0.027 4544 (3131) 3986 (3173) 0.262
MVPA (SD) (min) 27.6 (29.1) 26.6 (38.8) 0.851 26.3 (27.7) 20.0 (20.6) 0.091 20.6 (24.1) 20.9 (26.6) 0.948
MET (SD) (kcal/kg/h) 1.09 (0.09) 1.11 (0.12) 0.468 1.09 (0.10) 1.08 (0.10) 0.497 1.08 (0.08) 1.09 (0.11) 0.280

Absolute PA levels per 24 h after dialysis presented as mean 6 SD.

Effect of HDF on measured physical activity 1063



Profiles of DRT and effect of HDF

Overall, data for DRT were available for 92% of the popula-
tion during the follow-up period. Median DRT at baseline was
not different between HDF and HD (P¼ 0.578)
(Supplementary data, Table S8). DRT for individual patients is
shown in Supplementary data, Figure S1. The difference in the
change in DRT from baseline showed no significant distinctions
between groups, although HDF patients reported a �38.1 min
(95% CI�78.5 to 2.3) shorter DRT at 3 months and�33.7 min
(95% CI �79.8 to 12.4) shorter DRT at 6 months (Figure 6,
Supplementary data, Table S8). The overall treatment effect of
HDF on DRT was confirmed to be not statistically different by
construction of an LMM (�30.6 min; 95% CI �74.3 to 13.1)
(Figure 6B).

Components of QOL and effect of HDF

Overall, 88 and 92% of patients had complete data for es-
timation of PCS and MCS during the follow-up period, re-
spectively. The median PCS and MCS scores were not
significantly different in HDF and HD patients at baseline, 3
and 6 months (Supplementary data, Table S9). The differ-
ence in the change in PCS scores from baseline was 5.1
points (95% CI �9.9 to �0.3) lower in HDF at 3 months, yet
not significantly different at 0.5 points (95% CI �5.1 to 6.1)
higher in HDF at 6 months. The difference in the change in
MCS scores from baseline did not favour either modality at
both 3 and 6 months. The LMM estimation of the overall
treatment effect of HDF on PCS and MCS found no differ-
ences between the groups.

Table 3. Average absolute step counts per predefined periods after dialysis

Period after dialysis Baseline 3 months 6 months
HDF (6SD) HD (6SD) P-value HDF (6SD) HD (6SD) P-value HDF (6SD) HD (6SD) P-value

0.00 to �0.5 h post-HD 268 (314) 260 (318) 0.801 234 (279) 218 (247) 0.492 215 (200) 228 (302) 0.599
>0.5 to �1.0 h post-HD 288 (305) 279 (300) 0.745 279 (317) 258 (252) 0.429 237 (271) 260 (346) 0.458
>1.0 to �1.5 h post-HD 250 (245) 244 (258) 0.767 235 (277) 223 (244) 0.628 183 (181) 217 (263) 0.126
>1.5 to �2.0 h post-HD 193 (239) 184 (251) 0.665 195 (229) 174 (210) 0.285 180 (228) 169 (211) 0.600
>2.0 to �6.5 h post-HD 880 (1069) 771 (897) 0.229 1088 (1555) 706 (902) 0.001 761 (883) 674 (868) 0.314
>6.5 to �11.0 h post-HD 675 (989) 583 (767) 0.313 646 (796) 532 (1071) 0.251 625 (817) 449 (696) 0.046
>11.0–�15.5 h post-HD 975 (1525) 1203 (2428) 0.312 1041 (1455) 862 (1422) 0.266 1081 (1885) 808 (1680) 0.218
>15.5 to �20.0 h post-HD 1287 (1345) 1412 (1849) 0.453 1404 (1520) 1225 (1360) 0.252 1318 (1437) 1268 (1642) 0.778
>20 to �24.0 h post-HD 1514 (1410) 1373 (1337) 0.262 1552 (1665) 1282 (1376) 0.068 1390 (1518) 1128 (1197) 0.066

Absolute step counts in predefined periods after dialysis presented as mean 6 SD.
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Laboratory data

Baseline laboratory values did not differ between groups
(Table 4). At 3 and 6 months HDF patients had a 0.2 and 0.1
higher Kt/V, as well as a 5 and 2.5% higher urea reduction ratio
(URR), respectively, compared with HD patients (Figure 7).
Albumin was 0.1 g/dL lower in HDF patients at both 3 and
6 months versus HD (P< 0.01). Phosphate was 0.4 mg/dL
lower in HDF versus HD at 3 months (P¼ 0.022), yet there
were no differences at 6 months. Hgb was 0.6 g/dL lower in
HDF patients at 6 months compared with HD patients
(P¼ 0.012).

D I S C U S S I O N

In this unique RCT using objectively measured PA as the pri-
mary outcome, we failed to demonstrate a significant treatment
effect of high-volume HDF in comparison with high-flux HD

on steps taken 24 h after dialysis, nor the co-secondary out-
comes of DRT, PCS and MCS between HDF and HD. Despite
this, the size of the treatment effect indicates that the impact of
HDF on PA may be clinically meaningful, which should be
addressed in future investigations. A high CV was achieved in
HDF patients and was associated with lower urea and phospho-
rus levels compared with HD with the same treatment time.

The overall treatment effect of HDF on steps/24 h after dial-
ysis did not statistically differ from HD. However, HDF patients
took >1000 steps/24 h post-dialysis after 3 months, which was
not sustained by 6 months. This lack of a sustained significant
effect in the HDF group is intriguing and possibly related to an
inadvertent spontaneous reaction, given there was no education
or program to stimulate PA in both arms. We did not include
strategies to motivate patients to increase their PA nor a stan-
dardized physical performance test, which may yield different
results and can be tested in future design strategies using our
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Table 4. Average laboratory profiles

Parameter Baseline 3 months 6 months
HDF (6SD) HD (6SD) P-value HDF (6SD) HD (6SD) P-value HDF (6SD) HD (6SD) P-value

Pre-HD BUN, mg/dL 58.8 (12.9) 57.6 (13.3) 0.532 52.1 (13.9) 58.5 (12.6) 0.001 55.5 (14.9) 58.5 (14.7) 0.185
Post-HD BUN, mg/dL 16.4 (6.3) 17.8 (8.8) 0.206 11.8 (4.9) 16 (6.3) 0.000 12.9 (6.6) 15.4 (7.4) 0.021
Kt/V 1.6 (0.4) 1.5 (0.4) 0.121 1.8 (0.4) 1.6 (0.4) 0.000 1.8 (0.5) 1.7 (0.4) 0.028
URR, % 72.4 (9.1) 70.7 (9.7) 0.205 77.9 (6.4) 72.9 (7.8) 0.000 77.1 (8.7) 74.6 (8.4) 0.057
Albumin, g/dL 4.0 (0.3) 4.0 (0.4) 0.718 3.9 (0.4) 4.0 (0.3) 0.002 3.9 (0.3) 4.0 (0.3) 0.003
Potassium, mEq/L 5.2 (0.7) 5.2 (0.9) 0.507 5.1 (0.8) 5.2 (0.8) 0.215 5.0 (0.8) 5.2 (0.8) 0.243
Calcium, mg/dL 9.0 (0.7) 8.9 (0.7) 0.233 8.9 (0.8) 8.9 (1.0) 0.731 9.1 (0.7) 9.0 (0.6) 0.584
Phosphate, mg/dL 5.2 (1.4) 5.4 (1.5) 0.378 4.8 (1.3) 5.2 (1.4) 0.022 4.9 (1.5) 5.1 (1.5) 0.278
Intact parathyroid
hormone, pg/mL

340 (266) 361 (313) 0.624 371 (321) 319 (297) 0.266 340 (326) 316 (276) 0.611

Hgb, g/dL 11.3 (1.6) 11.0 (1.7) 0.364 11.6 (1.4) 11.8 (1.8) 0.441 10.9 (1.7) 11.5 (1.4) 0.012
Ferritin, ng/mL 387.7 (388.0) 309.9 (270.2) 0.108 363.6 (340.2) 331.0 (286.7) 0.491 415.0 (339.1) 389.7 (479.7) 0.693
TSAT, % 30.7 (15.2) 29.1 (17.9) 0.500 32.4 (21.7) 34.4 (28.4) 0.604 31.6 (12.6) 32.9 (14.4) 0.519
nPCR 1.13 (0.31) 1.06 (0.27) 0.129 1.11 (0.29) 1.11 (0.25) 0.854 1.17 (0.34) 1.16 (0.33) 0.682

Absolute laboratory values presented as mean 6 SD. TSAT, transferrin saturation.
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results as background information. Previous RCTs in distinct
populations showed that motivational interviews and struc-
tured rehabilitation programs can improve measured PA, as
well as potentially improve QOL, particularly fatigue [38, 39].
Our finding provides insights for the design of future studies us-
ing measured PA as endpoints.

We found both groups preformed relatively low PA levels,
consistent with previous studies in ESKD [6, 10, 28, 40–43].
Temporal observations found PA decreased over time in both
arms, which is consistent with previous longitudinal studies in
prevalent HD patients (vintage �7 years) that found annual
decreases of �130–428 steps/calendar day (i.e. 00:00–23:59 h)
[6, 43]. We observed significant intra-group decreases of >900
steps/24 h from baseline to 6 months in HD patients, while
HDF patients had nonsignificant decreases of �500 steps/24 h.
Measured PA has not been shown to decrease with more ad-
vanced chronic kidney disease (CKD) stages before progression
to ESKD [44]. Given that PA decreases with dialysis time, it
might be possible that the changes associate with the dialysis

treatment itself, which assumes only some functions of the dis-
eased kidney, as well as a worsening comorbidity burden in ad-
vanced CKD and other parameters.

Our approach to defining granular slices from accelerometry
data, which is the gold standard for characterizing PA, contrib-
utes to the novelty of this study. Changes in granular PA levels
identified periods that may be driving distinctions 24 h after dial-
ysis (Figure 5C). The lack of impact from HDF in the initial pe-
riod post-dialysis (which defined our hypothesis and served as a
basis for the study design) was unexpected, and patients pre-
sented relatively high PA immediately post-dialysis as compared
with later periods. Although transportation from the clinic may
impact findings, there were no differences in treatment allocation
by transportation type. An analysis of PA with a standardized
physical performance test particularly in this post-dialysis period
would be interesting to include in future trials.

The qualitative effect of HDF on PA was the most pro-
nounced 20- to 24-h post-dialysis (Figure 5C). This may indi-
cate that the effect of HDF on PA might not be detected
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immediately, but perhaps several hours after the dialytic proce-
dure, particularly when patients have returned to their homes
and spontaneous PA behaviors may be identified. We speculate
that this late effect may be driven by improvement in uremic
toxin clearance. Since our study rationale and estimates were
based on the assumption that the impact of HDF on PA levels
would be primarily driven by behaviors immediately post-
dialysis, our findings may also be attributed to this unexpected
finding.

Preservation of PA in dialysis patients can potentially impact
more traditional outcomes, serving as a proxy or a surrogate
marker. HD patients with �30% increase in daily steps/year
have been found to exhibit a 3-fold decrease in mortality risk
versus those with�30% reduction [43]. US adult PA guidelines
suggest that any amount of higher PA yields some health bene-
fits [45]. In the general population, cardiovascular event rates
decrease by �10% for every 2000 more steps/day [46]. A study
of 16 741 elderly women (age 72 6 5.7 years; mean 5499 steps/
day) found all-cause mortality risk decreased by 15% for every
1000 more steps/day [47], which is consistent with other obser-
vations in the elderly [48–50].

HDF patients presented �30-min improvement in DRT
compared with HD patients, although this was not statisti-
cally significant. There were distinctions in intra-group
changes that decreased significantly in HDF patients at
both time points, yet not in HD patients. We cannot ex-
clude a clinically important benefit of HDF considering the
magnitude of the effect sizes. Frequent HD trials estimated
benefits up to 80 min for daily compared with conventional
HD [51]. The CIs we provided for the between-groups dif-
ference would be compatible with a benefit close to daily
HD trials, considering a shorter follow-up period and a
conventional treatment frequency. It is noteworthy that
DRT patterns are likely multifactorial and more complex
measurement methods of DRT (e.g. interviews) and analyti-
cal approaches are warranted in future studies to under-
stand the interactions between DRT, PA levels and KDQOL
subscores.

Dialysis laboratory targets were achieved in both modalities
in our trial. HDF patients achieved a monthly CV of >27 L and
had higher Kt/V and urea reduction rates. Higher removal of
uremic toxins may reduce muscle wasting, improve muscle
function and preserve PA [52]. In fact, although we detected a
small decrease in albumin in HDF compared with high-flux
HD, the nPCR was similar across groups, which suggests neu-
tral effects of HDF on nutritional parameters. Optimal volume
control and hemodynamic stability can also improve exercise
capacity and may influence PA. The French Convective versus
Hemodialysis in Elderly (FRENCHIE) trial found that HDF
associates with a lower incidence of IDH [19]. However, we did
not see differences in the incidence of IDH between groups.
Further trials are needed to evaluate physiologic drivers of
changes in PA and DRT.

The treatment effect of HDF on KDQOL subscores for PCS
and MCS showed no meaningful differences [53, 54] versus HD
patients. There are inconsistent reports on the effects of HDF
on QOL, which may be influenced by patient characteristics

[19, 20, 22, 55]. Most studies suggest no difference in PCS and
MCS metrices, yet there have been findings suggesting that
HDF causes improved self-reported social activity scores versus
HD [20, 22].

The HDFIT trial has many strengths, including being a mul-
ticenter RCT representative of in-center dialysis patients who
are adherent with treatments and have no impairments in mo-
bility/ambulation. Also, an innovative and novel method of an-
alyzing measured PA was developed. We designed the trial in a
multidisciplinary framework, with integrative efforts across dis-
tinct disciplines of nephrology and physical education and in-
cluded objective measurements of PA using accelerometers and
patient-reported outcomes. We explored the potential impact
of dialysis modalities on objective and subjective patient-centric
outcomes; however, it will be essential to understand how to
treat patients in a person-centric manner that integrates dialysis
care in a broader structure that accounts for the individual
patients’ social, emotional and practical needs, and experiences
with decisions regarding health services and medical therapies
[56].

There are some limitations to the trial, including an un-
blinded intervention. Also, PA was estimated using ActiLife
software’s default algorithm and undercounting has been
reported versus pedometers in elderly populations [30].
However, the accelerometer has been validated in the elderly to
reasonably estimate free-living energy expenditure in steps
against doubly labeled water-determined energy expenditure
[27]. Also, the accelerometer has internal consistency and PA
levels are similar to previous reports in the ESKD population [6,
10, 28, 40, 41, 43]. However, currently there is no validation
data for ESKD patients. Although we found patient characteris-
tics were similar between groups at baseline, it is unknown if
changes in psychosocial factors and other determinants of
health that could potentially affect PA were equal between
groups through follow-up. Due to multiple comparisons that
were not adjusted, distinctions in PA in predefined periods
should be interpreted cautiously. Although the DRT question
has been previously validated in ESKD patients, there are no
validation data, to our knowledge, in Brazilian individuals.
Moreover, we did not collect data on RRF.

In conclusion, despite the achievement of a high CV and a
positive impact on solute removal, high volume HDF did not
improve measured PA compared with high-flux HD. However,
the observed size of the treatment effect may be clinically mean-
ingful and deserve further investigation. The innovative ap-
proach of using objectively measure PA as a trial endpoint in
dialysis patients may help in the design of future studies in this
population.

S U P P L E M E N T A R Y D A T A

Supplementary data are available at ndt online.

A C K N O W L E D G E M E N T S

We would like to acknowledge and thank the site investiga-
tors, participating dialysis centers and staff conducting this
trial (Supplementary data, Appendix A); the EPICENTER ac-
ademic contract research organization (ACRO) staff and

Effect of HDF on measured physical activity 1067



affiliates managing the trial (Supplementary data, Appendix
B); and the external advisory committee members Bernard
Canaud, MD, PhD, Cristina Marelli, MD, Len A. Usvyat,
PhD and Rodrigo S. Reis, PhD, MSc.

F U N D I N G

This trial was a multi-centre investigator-initiated study,
whereby the site investigators and principal investigator were
not being monetary funded for the conduct of study activities.
This project was supported by: (i) the study investigators, (ii)
the proponent institution Pontifı́cia Universidade Católica do
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A B S T R A C T

Background. Home haemodialysis (HHD) is utilized signifi-
cantly less often than facility HD globally with few exceptions,
despite being associated with improved survival and better quality
of life. Previously HHD was exclusively offered to younger
patients with a few comorbidities. However, with the increasing
burden of end-stage kidney disease (ESKD) alongside an ageing
population, increasing numbers of older patients are being
treated with HHD. This study aims to re-evaluate survival and
related outcomes in the context of this epidemiological shift.
Methods. A matched cohort design was used to compare all-
cause mortality, transplantation, average biochemical values and
graft survival 6 months post-transplant between HHD and facil-
ity HD patients. A total of 181 HHD patients from a major hospi-
tal network were included with 413 facility HD patients from the
Australia and New Zealand Dialysis and Transplant Registry
matched by age, gender and cause of ESKD. Survival analysis and
competing risks analysis (for transplantation) were performed.
Results. After adjusting for body mass index, smoking status,
racial group and comorbidities, HHD was associated with a sig-
nificantly reduced risk of death compared with facility HD

patients [hazard ratio 0.47 (95% confidence interval 0.30–
0.74)]. Transplantation rates were comparable, with high rates
of graft survival at 6 months in both groups. Haemoglobin, cal-
cium and parathyroid hormone levels did not vary significantly.
However, HHD patients had significantly lower phosphate
levels.
Conclusions. In this study, improved survival outcomes were
observed in patients on home compared with facility dialysis,
with comparable rates of transplantation, graft survival and bio-
chemical control.

Keywords: dialysis modality, end-stage kidney disease, hae-
modialysis, home haemodialysis, mortality

I N T R O D U C T I O N

Chronic kidney disease (CKD) is a rapidly rising major cause of
death globally. CKD mortality is the 12th most common cause
of death worldwide and has increased by 31.7% in the last
10 years [1]. End-stage kidney disease (ESKD) prevalence has
increased significantly, with a median increase of 50% from
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