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Abstract
Background: Online hemodiafiltration (OHDF), which results in high albumin leakage, is now widely used in Japan
for dialysis, since the national insurance system began reimbursing its costs in 2012. Glycated albumin (GA) levels
are affected by albumin leakage into effluent dialysate fluid. Therefore, GA levels in patients requiring diabetesrelated dialysis undergoing OHDF require monitoring. However, there have been no previous reports on glycemic
control indicators of patients with diabetes undergoing OHDF. We aimed to develop a glycemic control index for
patients requiring diabetes-related dialysis undergoing OHDF.
Methods: This study comprised 133 diabetic patients undergoing OHDF. We examined the correlation between GA
and glycated hemoglobin (HbA1c) levels. We analyzed effluent dialysate fluid samples from 41 patients classified
into 3 groups, namely, group A, non-protein-leaking OHDF (n = 20); group B, protein-leaking OHDF (n = 14); and
group C, highly efficient protein-leaking OHDF (n = 7). We examined the association between GA and HbA1c levels
in each group and among patients.
Results: A significant positive correlation was observed between GA and HbA1c levels (r = 0.562, p < 0.0001). There
was no significant correlation between pre-dialysis blood glucose levels and HbA1c or GA levels as observed on
regular blood tests performed under non-fasting conditions. Patients were classified into 2 groups based on their
mean albumin levels (3.4 g/dL cutoff). The correlation between HbA1c and GA levels was found to be weaker in the
51 patients with mean albumin levels < 3.4 g/dL (r = 0.399, p = 0.0037) than in the 82 patients with mean albumin
levels ≥ 3.4 g/dL (r = 0.674, p < 0.0001). When the hemodiafilter performance was assessed, no correlation was
observed between HbA1c and GA levels in group C patients.
Conclusions: GA levels may be underestimated in patients undergoing OHDF because of the effect of albumin
leakage into the effluent dialysate fluid. If a stable hemoglobin value can be maintained during OHDF therapy, then
GA and HbA1c levels should be used as a glycemic control index for patients requiring diabetes-related dialysis,
considering the dialysis treatment method and protein permeability of the dialyzers and hemodiafilters.
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Background
Several factors can affect glycated hemoglobin (HbA1c)
levels in patients on dialysis, such as the lifespan of
erythrocytes and the use of erythropoiesis-stimulating
agents (ESAs). Moreover, some case reports have shown
that diurnal variations in blood glucose levels are underestimated [1–3]. Measurement of glycated albumin (GA)
has been reported to be useful for patients undergoing
hemodialysis (HD), as erythrocyte lifespan has been
found not to affect GA levels [4]. Therefore, the use of
GA as an indicator of glycemic control in diabetic patients undergoing dialysis has been recommended [5].
However, relative to hypoalbuminemia, GA levels have
been reported to be underestimated, and albumin metabolism has been found to affect GA levels [5].
The main procedures for blood purification include
HD and hemodiafiltration (HDF). After the online HDF
(OHDF) was approved for coverage under the medical
insurance system in Japan (2012), the number of patients
undergoing OHDF increased approximately four-fold
compared to the records in 2009 [6]. Although OHDF
removes intermediate-molecular weight proteins more
efficiently than HD, albumin leakage into the effluent dialysate fluid is common. Given that GA levels are affected by albumin metabolism and leakage, modalities
for GA evaluation in patients undergoing OHDF may
differ from the current standards. However, there have
been no previous reports on glycemic control indicators
of patients with diabetes undergoing OHDF.
In this study, we investigated the efficacy of using
HbA1c and GA levels to evaluate glycemic control in patients requiring diabetes-related dialysis undergoing
OHDF.
Methods
Participants

This study included 133 patients with diabetes undergoing OHDF at 2 participating institutions. We collected
effluent dialysate fluid samples from 41 of the 133 patients with diabetes undergoing OHDF at a single institution. Patients with acute diseases, inflammatory
conditions, hemoglobin level < 8.0 g/dL, liver dysfunction, or a history of blood transfusion were excluded. All
patients underwent pre-dilution OHDF. Dialysis time,
blood flow rate, dialysate flow rate, and replacement
fluid volumes are shown in Tables 1 and 2. Information
on diabetes medications prescribed to the patients is
shown in Tables 3 and 4.
Measurements

HbA1c and GA levels, as well as other laboratory test results, were obtained from blood samples collected before
the start of the first dialysis session each week. We investigated the correlation between HbA1c and GA levels
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Table 1 Characteristics of the study patients
Variable
Number of patients (M/F)

133 (81/52)

Age (years)

68.7 ± 13.3

Dialysis history (months)

78.3 ± 67.1

Dialysis time (h)

3.7 ± 1.0

Blood flow rate (mL/min)

204.7 ± 29.6

Dialysate flow rate (mL/min)

531.8 ± 46.8

Replacement fluid volume (L)

45.0 ± 14.8

Dry weight (kg)

56.2 ± 14.1

Albumin (g/dL)

3.4 ± 0.4

UN (mg/dL)

60.6 ± 14.8

Hb (g/dL)

10.6 ± 1.0

Ht (%)

32.5 ± 3.2

Pre-dialysis blood glucose (mg/dL)

138.4 ± 45.4

HbA1c (%)

6.0 ± 0.9

GA (%)

20.4 ± 4.7

Fe (μg/dL)

59.7 ± 23.1

TIBC (μg/dL)

206.3 ± 46.1

TSAT (%)

30.0 ± 12.4

Ferritin (ng/dL)

261.0 ± 187.6

ESAs
Darbepoetin alfa (μg /week) (number)

21.1 ± 17.4(98)

epoetin beta (U/week) (number)

3187.5 ± 1060.7(2)

epoetin beta pegol (μg /week) (number)

22.7 ± 9.8(11)

ERI (each ESA dose/kg/g/dL/week)
Darbepoetin alfa (number)

0.04 ± 0.04(98)

Epoetin beta (number)

5.2 ± 1.5(2)

Epoetin beta pegol (number)

0.04 ± 0.02(11)

Iron (intravenous administration)
Saccharated ferric oxide (mg/week) (number)

44.2 ± 29.0(45)

Iron-based phosphate binder (oral administration)
Sucroferric oxyhydroxide (mg/week) (number)

8361.1 ± 5233.8(9)

Ferric citrate hydrate (mg/week) (number)

11940.3 ± 6267.9(22)

TSAT(%) = [serum Fe (μg/dL)/TIBC (μg/dL)] × 100. The levels are presented as
mean ± standard deviation

in patients undergoing OHDF based on their mean albumin levels (3.4 g/dL cutoff).
In addition, based on a target value for low molecular
weight protein removal in relation to complications as proposed by Sakurai [7], we classified the 41 patients from
whom we had collected effluent dialysate fluid samples into
3 groups. According to Sakurai’s study, the α1-microglobulin (α1-MG) removal rate corresponds to a reduction in
uremic symptoms and albumin loss. A 20% α1-MG removal rate is equal to 2 g of albumin loss, and a 35% α1MG removal rate is equal to 6 g of albumin loss. Therefore,
we categorized patients in whom albumin leakage was <
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Table 2 Group characteristics based on target levels for low-molecular-weight protein removal according to complications
Group A
Non-protein-leaking OHDF

Group B
Protein-leaking OHDF

Group C
Highly efficient protein-leaking OHDF

p value

Classification of albumin leakage

≤ 2.0 g

2.1 g ≥, < 6.0

6.0 g ≥

–

Albumin leakage (g)

0.85 ± 0.60

3.45 ± 1.08

7.64 ± 1.36

–

Number of patients (M/F)

20 (15/5)

14 (12/2)

7(7/0)

–

Age (years)

75.0 ± 7.7

61.1 ± 8.8

57.6 ± 7.0

< 0.0001

Dialysis history (months)

67.7 ± 35.5

71.4 ± 52.0

96.0 ± 67.4

0.7176

Dialysis time (h)

4.0 ± 0.3

3.9 ± 0.3

4.1 ± 0.2

0.7720

Blood flow rate (mL/min)

221.1 ± 25.4

262.9 ± 21.6

257.1 ± 18.9

0.0011

Dialysate flow rate (mL/min)

600

600

600

–

Replacement amount volume (L)

59.5 ± 14.9

58.4 ± 10.1

65.7 ± 9.6

0.4695

Dry weight (kg)

53.7 ± 9.3

70.4 ± 13.9

76.3 ± 10.9

< 0.0001

Albumin (g/dL)

3.3 ± 0.4

3.5 ± 0.3

3.3 ± 0.2

0.2272

UN (mg/dL)

60.5 ± 17.2

57.2 ± 11.0

59.0 ± 14.5

0.7829

Hb (g/dL)

10.2 ± 0.7

10.8 ± 1.6

10.7 ± 0.8

0.2394

Ht (%)

30.4 ± 2.4

32.7 ± 4.3

32.2 ± 2.6

0.0799

Pre-dialysis blood glucose (mg/dL)

131.1 ± 37.8

119.7 ± 48.6

133.8 ± 35.7

0.5783

HbA1c (%)

6.0 ± 0.9

6.4 ± 0.9

6.3 ± 0.9

0.3197

GA (%)

19.5 ± 2.6

18.4 ± 3.7

17.5 ± 4.5

0.2172

Fe (μg/dL)

45.9 ± 27.6

59.7 ± 28.2

74.0 ± 53.2

0.3077

TIBC (μg/dL)

211.3 ± 55.5

244.6 ± 49.8

243.7 ± 66.2

0.2961

TSAT (%)

22.2 ± 12.5

24.8 ± 11.5

35.5 ± 30.3

0.6347

Ferritin (ng/dL)

201.3 ± 183.4

206.2 ± 283.8

225.4 ± 206.6

0.9274

Darbepoetin alfa (μg/week) (number)

21.3 ± 23.8 (11)

20.4 ± 5.9 (3)

3.8 ± 3.5 (2)

–

Epoetin beta (U/week) (number)

2437.5 (1)

3937.5 (1)

–

–

Epoetin beta pegol (μg/week) (number)

23.8 ± 12.0 (5)

18.8 ± 4.4 (5)

37.5 (1)

–

Darbepoetin alfa

0.012 ± 0.011

0.008 ± 0.003

0.002 ± 0.001

–

Epoetin beta

4.2

6.3

–

–

Epoetin beta pegol

0.049 ± 0.025

0.030 ± 0.008

0.043

–

65.0 ± 59.2 (4)

50.0 ± 42.4 (2)

–

–

ESAs

ERI (each ESA dose/kg/g/dL/week)

Iron (intravenous administration) (mg/week)
Saccharated ferric oxide (number)

Iron-based phosphate binder (oral administration) (mg/week)
Sucroferric oxyhydroxide (number)

7000.0 ± 3031.1 (3)

12250.0 ± 8019.5 (3)

615.0 ± 1237.4 (2)

–

Ferric citrate hydrate (number)

10500.0 (2)

22750 ± 6062.3 (3)

15750 (2)

–

Mean age, blood flow rate, and dry weight were all significantly different among the 3 groups. TSAT(%) = [serum Fe (μg/dL)/TIBC (μg/dL)] × 100. Levels are
presented as mean ± standard deviation

2.0 g as non-protein-leaking OHDF patients (group A), patients with albumin leakage of between 2.1 g and 5.9 g as
protein-leaking OHDF patients (group B), and patients with
albumin leakage of ≥ 6.0 g as highly efficient protein-leaking
OHDF patients (group C). Sakurai reported collecting effluent dialysate fluid samples using previously reported partial
pooling methods [8]. We then investigated the correlation
between GA and HbA1c levels in groups A, B, and C.

Statistical analysis Data are expressed as mean ± standard deviation. The Kruskal-Wallis test was used for comparison among the 3 groups. Correlation coefficients
were calculated using simple regression analysis. The
statistically significant difference between the two slopes
from each group was analyzed by the Z test for two correlation coefficients. Statistical analyses were performed
using Stat View 4.5 for Windows (SAS Institute, Cary,
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Table 3 Information on diabetes medications for the 133 study
patients
Variable

Number

Insulin users

32

Dipeptidyl peptidase-4 inhibitor

17

α-glucosidase inhibitor

7

Glucagon-like peptide-1 receptor agonist

2

Glinide

1

Sulfonylurea

0

Non-insulin users

62

Dipeptidyl peptidase-4 inhibitor

55

α-Glucosidase inhibitor

19

Glucagon-like peptide-1 receptor agonist

2

Glinide

6

Sulfonylurea

1

Unused diabetes medications

39

Including multiple users of diabetes medications

NC). For all analyses, p < 0.05 was considered statistically significant.

Results
In the OHDF patient groups, ABH-21P, ABH-18P, MFX15 M, ABH-15P, and MFX-21 Meco hemodiafilters and
one of another five different types of hemodiafilters were
used in 25%, 17%, 14%, 12%, 11%, and 21% of patients, respectively (Fig. 1). All patients underwent pre-dilution
OHDF. Table 5 shows the changes in hemoglobin (Hb)
and hematocrit (Ht) levels 3 months before and after patient data were collected and analyzed. Given that there

Fig. 1 Hemodiafilters used by participants in the OHDF group. The
hemodiafilter ratios were as follows: ABH-21P, 25%; ABH-18P, 17%;
MFX-15M, 14%; ABH-15P, 12%; MFX-21M eco, 11%; and one of
another five different types of hemodiafilters, 21%

were no significant changes in Hb and Ht levels, and that
acceptable levels were observed, we considered that these
parameters had no effect on HbA1c levels. In addition,
anemia-related indicator doses of ESAs and ironcontaining agents are shown in Table 1.
There was a significant positive correlation between
HbA1c and GA levels (r = 0.562, R2 = 0.316, p < 0.0001)
(Fig. 2). There was no significant correlation between
pre-dialysis blood glucose levels and HbA1c or GA
levels. We further categorized the patients based on
mean albumin (3.4 g/dL cutoff) levels, and we examined
the correlation between HbA1c and GA levels. The

Table 4 Information on diabetes medications for the 41 study patients in the 3 groups
Group A
Non-protein-leaking OHDF

Group B
Protein-leaking OHDF

Group C
Highly efficient protein-leaking OHDF

Number of patients

20

14

7

Insulin users (number)

3

5

2

Dipeptidyl peptidase-4 inhibitor (number)

1

3

2

α-Glucosidase inhibitor (number)

0

0

1

Glucagon-like peptide-1 receptor agonist (number)

1

1

0

Glinide (number)

0

1

2

Sulfonylurea (number)

0

0

0

Non-insulin users (number)

14

7

2

Dipeptidyl peptidase-4 inhibitor (number)

13

6

2

α-Glucosidase inhibitor (number)

5

1

1

Glucagon like peptide-1 receptor agonist (number)

1

1

0

Glinide (number)

0

3

0

Sulfonylurea (number)
Unused diabetes medications (number)
Including multiple users of diabetes medications

1

0

0

3

2

3
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Table 5 Changes in hemoglobin and hematocrit levels in 133 patients
Months
−3

−2

−1

0

+1

+2

+3

Hb (g/dL)

10.8 ± 0.9

10.7 ± 1.1

10.7 ± 0.12

10.7 ± 0.9

10.8 ± 0.8

10.8 ± 0.8

10.8 ± 0.8

Ht (%)

32.8 ± 2.8

32.7 ± 3.5

32.8 ± 3.8

32.6 ± 3.0

32.8 ± 2.6

32.6 ± 2.9

32.7 ± 0.7

There were no significant changes in hemoglobin, and hematocrit levels in the 3 months before and after patient data were collected and analyzed. 0, baseline
(March 2016)

correlation between HbA1c and GA levels was weaker in
51 patients with mean albumin levels < 3.4 g/dL (r =
0.399, R2 = 0.160, p = 0.0037) than in the 82 patients
with mean albumin levels ≥ 3.4 g/dL (r = 0.674, R2 =
0.454, p < 0.0001) (Fig. 3). There was a significant difference in the correlation coefficients of the two groups (p
= 0.0292).
Table 2 shows the results according to the hemodiafilter performance. Similar to the correlation between
HbA1c and GA levels in 133 patients, HbA1c and GA
levels in 41 patients showed a significantly positive correlation (r = 0.519, R2 = 0.270, p = 0.0005) (Fig. 4). However, when assessed according to the hemodiafilter
performance, a significant positive correlation was observed between HbA1c and GA levels in groups A and
B, but no correlation was found in group C (Fig. 5).

Discussion
Inaba, et al. [4] reported a significant positive correlation
between HbA1c and GA levels in their HD group (r =
0.777, p < 0.001). Their study involved 538 HD patients
with type 2 diabetes. Patient characteristics and other
variables in their study were different from those in ours.
Therefore, their results may not be comparable to those
found in the current study. However, the correlation of
our study was weaker (r = 0.562, R2 = 0.316, p < 0.0001)

Fig. 2 Correlation of glycated hemoglobin A1c (HbA1c) and
glycated albumin (GA) in the OHDF group. There was a significant
positive correlation (r = 0.562, R2 = 0.316, p < 0.0001) between the
HbA1c and GA levels

(Fig. 2), suggesting that GA measurements may be
underestimated for patients requiring diabetes-related
dialysis undergoing OHDF. Anemia-related indicators
and iron agent doses are shown in Table 1. Anemia appeared to be well managed in the study patients across
the 2 institutions involved in this study, and Hb and Ht
levels during the 3 months before and after patient data
collection did not show any significant changes (Table
5). Therefore, we considered that HbA1c levels were not
affected by Hb and Ht levels in this study. There was no
significant correlation between pre-dialysis blood glucose
levels and HbA1c or GA levels. Patients’ blood data were
obtained from the results of regular blood tests. Blood
samples were collected before dialysis under non-fasting
conditions. However, the pre-dialysis blood glucose status appeared to be constant according to a patient’s dietary habits. Pre-dialysis blood glucose levels (plasma
glucose levels) did not significantly differ among the 3
groups. Additionally, the patients did not show evidence
of either a hyper- or hypoglycemic status (Table 2).
In the OHDF groups, the correlations between
HbA1c and GA levels were weaker for patients with
mean albumin levels < 3.4 g/dL than for those with
mean albumin levels ≥ 3.4 g/dL. This finding suggests
that GA measurements in patients undergoing
diabetes-related dialysis with low albumin levels who
underwent OHDF may have been underestimated
(Fig. 3). While no firm conclusions can be drawn
concerning the tolerable amount of albumin leakage
in a single dialysis session, previous studies have reported high levels of albumin leakage [9, 10]. Obviously, albumin leakage occurs secondary to dialysis.
Although a full discussion of the causes of hypoalbuminemia is needed, the half-life of albumin for patients undergoing dialysis has been reported to range
from 9 to 15.5 days, which is shorter than the half-life
for healthy individuals, which normally has a range
of, 17 to 23 days [11, 12]. In patients with nephrotic
syndrome, large amounts of albumin leakage into the
urine have been reported, and patients have been reported to consequently have low GA levels due to the
shortening of the biological half-life of albumin [5].
Therefore, it is possible that GA levels may be underestimated due to OHDF-induced albumin leakage as
the associated biokinetics of the procedure may easily
lead to low GA levels.
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Fig. 3 Correlation of HbA1c and GA levels according to Albumin in the OHDF. The correlation between HbA1c and GA levels was weaker in 51
participants with albumin levels < 3.4 g/dL (r = 0.399, R2 = 0.160, p = 0.0037) than in 82 participants with albumin levels ≥ 3.4 g/dL (r = 0.674, R2
= 0.454, p < 0.0001). There was a significant difference in the correlation coefficients between the two groups (p = 0.0292)

Association between poor glycemic control indicated
by HbA1c levels and survival in end-stage renal disease
has previously been reported [13–15]. Glycemic control
has been shown to have a major effect on the survival
prognosis of patients with diabetic nephropathy, who account for 38.4% of all chronic dialysis patients [16], and
current guidelines recommend using GA as an indicator
of glycemic control in patients undergoing diabetesrelated dialysis [5]. However, as shown in this study,
OHDF results in albumin leakage, hence the evaluation
of GA may not be accurate. When assessed in relation
to the hemodiafilter performance, group A was found to
comprise many elderly patients with diabetes who
needed to maintain blood pressure levels within an appropriate range during blood purification therapy, a

Fig. 4 Correlation of HbA1c and GA in 41 OHDF patients from
whom effluent dialysis fluid had been collected for analysis. There
was a significant positive correlation between the HbA1c and GA
levels (r = 0.519, R2 = 0.270, p = 0.0005)

large proportion of whom had low serum albumin levels.
As OHDF treatment is used to maintain blood pressure
levels despite low albumin levels, we selected a hemofiltration membrane that leaked a minimal amount of protein. For patients in group B, our objective was to obtain
β 2-microglobulin (β2-MG) levels that were as low as
possible; therefore, OHDF treatment was used even if
there were no dialysis complications, such as carpal tunnel syndrome. Patients in group B had higher serum albumin levels and better nutritional statuses than those
in group A. Group C targeted patients with a long-term
prognosis of at least 20 years, with the objective of preventing long-term complications from dialysis-related
amyloidosis. As a result, this group included patients
who were younger and had better initial nutritional statuses than patients in groups A and B. Group C also included patients with restless leg syndrome, with a target
elimination rate of α1-MG set at ≥ 40% [17]. Average albumin leakage was high, at 7.64 ± 1.36 g.
The advantages of OHDF over HD (the more conventional blood purification method) are as follows: (i)
OHDF stabilizes the circulation dynamics and there is
no need to remove low molecular weight proteins proactively, and (ii) OHDF is beneficial in treating dialysisrelated amyloidosis, pruritus, and restless leg syndrome;
however, proactive removal of low molecular weight
proteins (β2-MG and α1-MG) is required in this case.
Albumin is also largely removed when treating dialysisrelated amyloidosis, pruritus, and restless leg syndrome
using OHDF [7]. Furthermore, there was no significant
correlation between pre-dialysis blood glucose levels and
HbA1c or GA levels in each group as shown in the regular blood test results, which had been performed under
non-fasting conditions. In our study, only group C did
not show a correlation between HbA1c and GA levels.
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Fig. 5 The patients were divided into 3 groups based on the target value for low molecular weight protein removal. A significant positive
correlation was observed between HbA1c and GA levels in groups A (non-protein-leaking OHDF) and B (protein-leaking OHDF), whereas no
correlation was found in group C (highly efficient protein-leaking OHDF)

We consider that this was because of the extremely high
albumin leakage in group C, at 7.64 ± 1.36 g, which was
likely affected by GA metabolism. We observed positive
correlations between HbA1c and GA levels in groups A
and B, where albumin leakage was < 6 g, and we consider that positive correlations are likely to be present
when albumin leakage is low. Therefore, it is possible
that the blood glucose index of patients requiring
diabetes-related dialysis undergoing OHDF had an effect
on the hemodiafilter type and nutritional status of the
patients.
The limitation of this study was the relatively low
number of patients for whom data regarding dialysate
drainage analysis was available. Unfortunately, we were
unable to collect dialysate drainage samples from all patients who underwent dialysis because it is difficult to do
so in our daily routine.
In summary, we used a range of indicators to evaluate
patients in aspects not limited to glycemic control. Different evaluation methods based on the dialysis method
are necessary in the future. Our results showed that the
use of GA levels only is insufficient for evaluating glycemic control in patients requiring diabetes-related

dialysis undergoing OHDF. As such, additional modalities for glycemic control evaluation are warranted in
these patients.

Conclusion
It may be necessary to evaluate glycemic control in patients requiring diabetes-related dialysis by combining
several glycemic control indicators, such as GA, HbA1c,
and pre-dialysis blood glucose levels when considering
the appropriate procedure for dialysis.
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