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Abstract

Anemia is a frequent complication in hemodialysis patients. Compared to conventional hemodialysis (CHD), short daily

hemodialysis (sDHD) has been reported to be effective in many countries except China. The aim of the present study was to

determine whether sDHD could improve anemia and quality of life (QOL) for Chinese outpatients with end-stage renal disease.

Twenty-seven patients (16 males/11 females) were converted from CHD to sDHD. All laboratory values were measured before

conversion (baseline), at 3 months after conversion (sDHD1), and at 6 months after conversion (sDHD2). The patient’s QOL

was evaluated at baseline and 6 months after conversion using the Medical Outcomes Study 36-Item Short Form Health

Survey (SF-36). Hemoglobin concentration increased significantly from 107.4±7.9 g/L at baseline to 114.4±6.8 g/L (P,0.05)

at sDHD1, and 118.3±8.4 g/L (P,0.001) at sDHD2 (Student paired t-test). However, the dose requirement for erythropoietin

decreased from 6847.8±1057.3 U/week at baseline to 5869.6±1094.6 U/week (P,0.05) at sDHD2. Weekly stdKt/V

increased significantly from 2.05±0.13 at baseline to 2.73±0.20 (P,0.001) at sDHD1, and 2.84±0.26 (P,0.001) at sDHD2.

C-reactive protein decreased from baseline to sDHD1 and sDHD2, but without statistically significant differences. Physical and

mental health survey scores increased in the 6 months following conversion to sDHD. sDHD may increase hemoglobin levels,

decrease exogenous erythropoietin dose requirements, and improve QOL in Chinese hemodialysis patients compared to CHD.

A possible mechanism for improvement of clinical outcomes may be optimized management of uremia associated with the

higher efficiency of sDHD.
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Introduction

Anemia and impaired quality of life (QOL) are frequent

complications of end-stage renal disease (ESRD) in

patients undergoing hemodialysis therapy and are caused

by many factors. Hemodialysis patients often have

anemia caused by inadequate synthesis of erythropoietin

(EPO), and require therapy with exogenous recombinant

human erythropoietin (rHuEPO) to maintain recom-

mended hemoglobin levels. Many treatments to improve

the anemia and QOL of patients with ESRD have been

investigated (1,2). Short daily hemodialysis (sDHD) was

first described in 1968 by DePalma et al. (3) and has been

widely used (4). In many countries, except for China,

sDHD has been reported to be effective in hemodialysis

patients (2,5-8), but there are few reports on its efficacy in

managing anemia and QOL in Chinese patients under-

going hemodialysis. Because the practice patterns of

hemodialysis and the body weight of patients in China

differ from those in other countries, it is uncertain if sDHD

could be as effective for Chinese patients undergoing

hemodialysis as in other groups. The objective of the

present study was to determine whether sDHD could

indeed improve anemia and QOL in Chinese patients

undergoing hemodialysis compared to conventional

hemodialysis (CHD).

Patients and Methods

The subjects were stable outpatients with ESRD

undergoing hemodialysis in the Anhui Provincial Hospital

Hemodialysis Unit. They had been undergoing CHD using

a native arteriovenous fistula or central venous cuffed

dual-lumen catheter for 8 months or longer and were able
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to visit the hospital for sDHD sessions. Twenty-seven

patients (16 males/11 females), 46.8±13.4 years of

age (mean±SD; range: 26-70 years) were enrolled.

They were treated with CHD for 54.7±32.9 months

(range: 8-133 months) for 4 h, 3 times per week, and then

converted to sDHD for 2 h, 6 times per week. The causes

of ESRD were glomerulonephritis (n=13), diabetes

mellitus (n=6), hypertension (n=4), polycystic kidney

disease (n=2), interstitial nephritis (n=1), and connective

tissue disease (n=1; Table 1).

All patients gave written informed consent. There were

no specific patient selection criteria. All patients under-

went sDHD for 6 months (sDHD period) following a

baseline observation period for 1 month (CHD period). All

hematological parameters were measured prior to the

conversion from CHD to sDHD (baseline), at 3 months

after the conversion (sDHD1), and at 6 months after the

conversion (sDHD2).

rHuEPO was administered by subcutaneous injection

maximally 3 times per week to maintain hemoglobin levels

within the target range of 110-120 g/L (11-12 g/dL). Iron

was administered either orally (150-450 mg/day) or

intravenously (50-150 mg/week) to maintain transferrin

saturations greater than 20% or serum ferritin concentra-

tions higher than 200 ng/mL. Information on dosage and

administration of other drugs (e.g., folate, vitamin B12)

used concomitantly throughout the study was recorded.

Serum albumin concentration and serum C-reactive

protein (CRP) were measured throughout the study.

Blood flow rate ranged between 350 and 450 mL/min.

Dialysate flow rate was 500 mL/min. High-flux polysulfone

dialyzers and Fresenius 4008S (Fresenius Medical Care,

Germany) dialysis machines were used for all patients.

Hemodialysis conditions, including dialysis prescription

and total weekly hemodialysis time, were the same for the

CHD and sDHD periods. Weekly standard Kt/V (stdKt/V)

was calculated to evaluate dialysis adequacy.

Patient QOL was evaluated at baseline and 6 months

after conversion from CHD to sDHD using the Medical

Outcomes Study 36-Item Short Form Health Survey

(SF-36), and scores of general health perceptions,

physical functioning, physical role functioning (role limita-

tions due to physical health problems), bodily pain, vitality,

mental health, social role functioning, and emotional role

functioning (role limitations due to emotional health

problems) were recorded.

Data are reported as means±SD. Statistical analysis

was performed using the Student paired t-test for data

measurements and the Wilcoxon test for ordered catego-

rical data. P,0.05 was considered to be significant.

Results

All patients tolerated sDHD well; no severe hemodia-

lysis complications occurred in the course of this study.

Four patients discontinued sDHD therapy before the study

completion: 2 patients had difficulty visiting the hospital 6

days per week, 1 patient received a renal transplant, and

1 patient terminated sDHD because of the cost. The

available data from these patients were used in all

analyses.

Changes in all laboratory values after conversion from

CHD to sDHD are summarized in Table 2. Hemoglobin

concentration increased significantly from CHD to sDHD1

(P,0.05) and sDHD2 (P,0.001). However, the EPO

dose requirement decreased from CHD to sDHD1 and

sDHD2 (P,0.05). No statistically significant differences in

hemoglobin concentration or EPO dose requirement at

sDHD1 and sDHD2 were observed. The serum albumin

concentration increased significantly from CDH to sDHD1

and sDHD2 (P,0.001) but there was no statistically

significant difference in serum albumin concentration at

sDHD1 and sDHD2.

Serum ferritin increased from CHD to sDHD1 and

sDHD2, however, without statistically significant differ-

ences. Transferrin saturations were consistently greater

than 20%. There were no statistically significant differ-

ences in transferrin saturation, folate, or vitamin B12 at

any of the three periods. Doses of iron supplements were

similar at all times and stable throughout the course of the

study. The range of mean oral iron doses was 150 to

450 mg/day, and the range of intravenous iron doses was

50 to 150 mg/week. As a result, all subjects had adequate

iron stores throughout the duration of the study. Weekly

stdKt/V increased significantly from CDH to sDHD1 and

sDHD2 (P,0.001). CRP decreased from CHD to sDHD1

and sDHD2, however, there were no statistically sig-

nificant differences in CRP at any of the three periods.

As shown in Table 3, physical and mental health

scores were improved after conversion to sDHD for 6

months. Scores for general health, physical functioning,

bodily pain, vitality, and mental health increased

(P,0.05). However, there were no statistically significant

differences in the scores for physical role functioning,

social role functioning, and emotional role functioning.

Table 1. Baseline characteristics of patients.

Baseline characteristics

Patients (male/female) 27 (16/11)

Age (years, mean±SD) 46.8 ± 13.4

Duration of CHD (months, mean±SD) 54.7 ± 32.9

Etiology of ESRD

Glomerulonephritis 13

Diabetes mellitus 6

Hypertension 4

Polycystic kidney disease 2

Other 2

CHD: conventional hemodialysis; ESRD: end-stage renal disease.
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Discussion

Currently, the major hemodialysis technique in China

is CHD. Many patients undergoing CHD have complica-

tions including anemia and impaired QOL. In the last

several years, many studies have shown that sDHD could

improve clinical outcomes in patients with ESRD com-

pared to CHD. According to these studies, sDHD could

improve the state of anemia, reduce the required dose

level of EPO, and increase the QOL scores. However,

those results were obtained mainly from hemodialysis

patients in countries other than China.

This study shows that, compared to CHD, sDHD was

associated with significantly higher hemoglobin concen-

tration and lower EPO dose requirements, together with

higher scores for physical and mental health-related QOL

measures, in Chinese patients. Because of economic and

other reasons, few patients in China are willing to accept

sDHD, and at the beginning of this study, 27 patients were

enrolled, but 4 patients terminated sDHD. In randomized

controlled trials comparing sDHD with CHD, patients who

expressed greater willingness to participate were

younger, less likely to smoke, more likely to have been

hospitalized during the previous 12 months, less likely to

have coronary artery disease, and less likely to be on a

waiting list for a kidney transplant (9). In our study, it

should be noted that each patient served as his or her

own control to control for heterogeneity in the etiology of

renal disease, which gave acceptable baseline values for

assessing the effects of sDHD.

In many other studies, hemoglobin levels in patients

treated with sDHD were higher than those in patients

treated with CHD (5-8). However, some reports showed

no significant change in hemoglobin levels in patients

undergoing sDHD (10,11). Several studies reported that

dose requirements for EPO had decreased with sDHD

therapy (5-8,12-14). Koshikawa et al. (12) found that, in

14 patients with sDHD therapy, EPO was eliminated in 2

patients and its dose reduced in 5 patients. In the study by

Ting et al. (14), requirements for EPO were reduced in

45% of patients after 12 months of follow-up. Our study

confirms that sDHD increases hemoglobin levels and

decreases EPO requirements. These findings are inde-

pendent of differences in iron replenishment. According to

a study by Goldfarb-Rumyantzev et al. (15), although

requirements for EPO dosage trended down during sDHD

and increased when CHD was resumed, there was no

statistically significant difference between the sDHD and

CHD periods. In this study, the serum albumin concentra-

tion increased significantly after changing from CHD to

sDHD therapy. This may mean that hemoconcentration is

a possible confounder for the increase in observed

hemoglobin concentration or that sDHD may improve

the nutritional status of dialysis patients. Further studies

designed to verify this conjecture are needed.

The reasons for sDHD improving anemia in ESRD

patients are not entirely clear. Anemia in patients with ESRD

results from inadequate synthesis of EPO, iron deficiency,

Table 2. Changes in laboratory values after conversion from CHD to sDHD.

CHD (baseline) sDHD1 (3 months) sDHD2 (6 months)

Hb (g/L) 107.4 ± 7.9 114.4 ± 6.8* 118.3 ± 8.4**

EPO dose (U/week) 6847.8 ± 1057.3 6358.7 ± 1354.3 5869.6 ± 1094.6*

Serum albumin (g/L) 30.4 ± 3.5 39.2 ± 4.7** 41.2 ± 4.4**

Serum ferritin (ng/mL) 241.0 ± 35.6 244.6 ± 37.9 253.1 ± 32.8

Transferrin saturation (%) 26.4 ± 4.1 28.0 ± 3.7 27.6 ± 3.9

Folate (ng/mL) 13.59 ± 3.31 12.94 ± 3.53 13.95 ± 3.44

Vitamin B12 (pg/mL) 490.74 ± 161.64 463.91 ± 169.30 510.96 ± 192.45

CRP (mg/L) 6.2 ± 3.3 5.6 ± 2.1 5.8 ± 2.7

Weekly stdKt/V 2.05 ± 0.13 2.73 ± 0.20** 2.84 ± 0.26**

Data are reported as means±SD. CHD: conventional hemodialysis; sDHD: short daily hemodialysis; Hb: hemoglobin concentration;

EPO: erythropoietin; CRP: serum C-reactive protein; stdKt/V: standard index for dialysis efficiency. *P,0.05 and **P,0.001 compared

to CHD (Student paired t-test).

Table 3. Changes in the quality of life after conversion from CHD

to sDHD.

CHD
(baseline)

sDHD
(6 months)

General health 26.22 ± 11.84 37.43 ± 15.51*

Physical functioning 50.65 ± 13.51 61.96 ± 12.86*

Physical role functioning 31.52 ± 22.88 35.87 ± 21.09

Bodily pain 52.57 ± 16.89 63.96 ± 19.81*

Vitality 31.09 ± 12.79 38.26 ± 14.27*

Mental health 52.52 ± 16.81 63.48 ± 18.50*

Social role functioning 30.07 ± 11.81 36.96 ± 17.47

Emotional role functioning 50.73 ± 19.80 59.44 ± 28.35

CHD: conventional hemodialysis; sDHD: short daily hemodialysis.

* P,0.05 compared to CHD (Student paired t-test).
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inflammation, and secondary hyperparathyroidism.

Uremia-related EPO resistance is often associated with

inflammation. Inflammation plays a key role in the

hyporesponsiveness of erythropoiesis-stimulating agents

(ESA) in hemodialysis patients who have sufficient iron

and EPO. Possible mediators include cytokines such as

interleukin-6 (IL-6), IL-10, insulin-like growth factor 1, and

tumor necrosis factor-a (TNF-a) (16-18). In vitro,
proinflammatory cytokines, including IL-1, IL-6, IL-10,

interferon-c, and TNF-a, inhibit the growth of erythroid

precursor cells and downregulate the expression of EPO

receptor mRNA (16). Won et al. (17) found that IL-6 was a

strong predictor of ESA hyporesponsiveness and an

independent risk factor for resistance to ESA in hemodialysis

patients without iron deficiency. Hamlett and Haragsim (19)

reported that more frequent dialysis may have a beneficial

effect on the inflammatory process that occurs in ESRD.

More frequent (i.e., daily nocturnal) dialysis decreased

plasma IL-6 levels and exogenous EPO requirements, and

direct associations were found between EPO requirements,

CRP (R=0.62, P=0.001) and IL-6 (R=0.57, P=0.002)

levels according to a study by Yuen et al. (20). They

concluded that a possible mechanism for reducing EPO

requirements was better control of inflammation, as

manifested by decreased plasma IL-6 levels. In this study,

CRP decreased from the CHD therapy period to the sDHD

therapy period. However, the difference was not significant.

Further studies are needed to measure proinflammatory

cytokines in dialysis.

In the study by Suri et al. (21), sDHD resulted in

increased dose delivery compared to CHD. There was a

20% increase in weekly stdKt/V with the sDHD regimen of

6 days/week for 2 h sessions, and sDHD was found to be

the most efficient method of dose delivery. sDHD may

reduce uremic toxin levels that inhibit erythropoiesis or

simply provide a more normal physiological milieu for

erythropoiesis by avoiding the peaks and troughs seen

with CHD. In this study, weekly stdKt/V increased

significantly from 2.05±0.13 on conventional hemodialysis

to 2.73±0.20 (P,0.001) at sDHD1, and 2.84±0.26

(P,0.001) at sDHD2. In our opinion, a possible mechan-

ism for improvement of anemia and requirement for lower

doses of EPO depends on optimized management of

uremia with the higher efficiency of sDHD.

In the majority of trials, it was observed that sDHD

improved physical and mental health-related QOL in

patients with ESRD (2,22-25). Vos et al. (23) found that

sDHD significantly improved ‘‘general health perception’’,

a single item of the Kidney Disease QOL (KDQoL)

questionnaire, as well as the KDQoL dimension scores

‘‘physical health’’ and ‘‘patient satisfaction’’. Recently, in a

study by Finkelstein et al. (25), the SF-36 health survey

was used to measure long-term effects of sDHD on health-

related QOL. They found that both the physical and mental

component summary scores improved over a 12-month

period in the total cohort analysis, indicating that sDHDwas

related to long-term improvements in both physical and

mental health-related QOL measures. QOL improves with

sDHD due to less severe dietetic rules, elimination of

postdialysis asthenia, and fewer drug prescriptions. Short

hemodialysis sessions (2 h daily) can be more easily

integrated into professional, social, and family life. Our

study demonstrates that sDHD is associated with sig-

nificant improvement in QOL. sDHD therapy caused a

large burden for the patients, as they had to visit the

dialysis facility almost every day for sDHD. Despite the

burden, there was no deterioration in QOL in this study.

Anemia causes tissue and organ hypoxia with a

number of symptoms, signs, and physiological abnormal-

ities. Among the common findings are daytime fatigue,

disturbed sleep, and altered cognitive function. Anemia is

universally present in this setting. The Kidney Disease

Outcomes Quality Initiative clinical practice guidelines and

clinical practice recommendations demonstrated that

anemia in chronic kidney disease has some relevance

to QOL (26). Several reports showed that sDHD improved

anemia and QOL simultaneously (6,7,12). Benz et al. (27)

reported that the improvement in anemia reduced periodic

limb movements in sleep, arousals from sleep, and sleep

fragmentation while allowing for more restorative sleep

and improved daytime alertness. Their findings may

explain one mechanism for the improved QOL parameters

reported in ESRD patients. In this study, hemoglobin

concentration increased from 107.4 to 118.3 g/L.

Meanwhile, the scores for general health, physical

functioning, bodily pain, vitality, and mental health

improved significantly. However, the observed improve-

ment in QOL could have occurred because of more

frequent visits to the hospital, optimized management of

uremia, or other causes not addressed in this study and

may not be related to anemia improvement.

A limitation of this study is that the sDHD therapy period

was only 6 months and the parameters of secondary

hyperparathyroidism were not recorded. Since the follow-

up period was so short, we cannot be certain that the

observed improvements persisted mid- and long-term.

Because parameters of secondary hyperparathyroidism

were not recorded, a mechanism for improvement of

anemia by sDHD was not further identified. Further studies

need to be designed to answer these questions.

In the present study, sDHD increased hemoglobin levels,

decreased exogenous EPO dose requirements, and

improved physical and mental health scores compared to

CHD in Chinese hemodialysis patients. A possible mechan-

ism for this improvement in clinical outcomes is optimized

management of uremia with the higher efficiency of sDHD.

Further studies are required to examine the relationship

between anemia and QOL, and to explore the effect of other

factors such as secondary hyperparathyroidism on anemia

on long-term outcomes in patients with ESRD. Meanwhile,

an important aspect for further study is whether patients

would be willing to be dialyzed almost every day.
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