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ABSTRACT

Introduction Differences in mortality and cause-specific
mortality rates according to glycated albumin (GA) and
hemoglobin A1c (HbA1c) levels among dialysis patients
with diabetes based on hypoglycemic agent use and
malnutrition status remain unclear. Here, we examine
these associations using a nationwide cohort.

Research design and methods We examined 40417
dialysis patients with diabetes who met our inclusion
criteria (female, 30.8%; mean age, 67.3+11.2 years; mean
dialysis duration, 5.4+4.6 years). The Global Leadership
Initiative on Malnutrition criteria were used to assess
malnutrition. Adjusted HRs and 95% confidence limits were
calculated for 3-year mortality after adjustment for 18
potential confounders. HRs and subdistribution HRs were
used to explore cause-specific mortality.

Results We found a linear association between 3-year
mortality and GA levels only in patients with GA >18%

and not in patients with low GA levels, with a U-shaped
association between HbA1c levels and the lowest morality
at an HbA1c 6.0%—6.3%. This association differed based on
patient conditions and hypoglycemic agent use. If patients
using hypoglycemic agents were malnourished, mortality
was increased with GA >24% and HbA1c >8%. In addition,
patients with GA >22% and HbA1c >7.6% had significantly
higher infectious or cardiovascular mortality rates. On the
other hand, an inverse association was found between

GA or HbA1c levels and cancer mortality. Patients with GA
<15.8% had a higher risk of cancer mortality, especially
those not using hypoglycemic agents (HR 1.63 (1.00-2.66)).
Conclusions Target GA and HbA1c levels in dialysis
patients may differ according to hypoglycemic agent use,
nutritional status, and the presence of cancer. The levels
may be higher in malnourished patients than in other
patients, and a very low GA level in dialysis patients not
taking hypoglycemic agents may be associated with a risk
of cancer.

Trial registration number UMINOO0O18641.

INTRODUCTION
With an increase in dialysis patients with
diabetes mellitus, adequate glycemic control

Significance of this study

What is already known about this subject?

» It was suggested that glycated albumin (GA) has
superior potential compared with hemoglobin Alc
(HbA1c) as a glycemic marker in dialysis patients
because GA is less affected by anemia.

What are the new findings?

» We found a linear association between 3-year mor-
tality and GA levels only in patients with GA >18%
and not in patients with low GA levels, with a U-
shaped association between HbA1c levels and the
lowest morality at an HbA1c 6.0%—6.3%.

» Target GA and HbA1c levels in dialysis patients may
differ according to hypoglycemic agent use, nutri-
tional status, and the presence of cancer.

» The target GA level in patients using hypoglycemic
agents is less than <22%and can be relaxed to
<24% if patients are malnourished.

» Patients with GA <15.8% had a higher risk of cancer
mortality, especially those not using hypoglycemic
agents.

How might these results change the focus of

research or clinical practice?

» These data may suggest that target GA and
HbA1c levels should be modified based on patient
conditions.

remains essential for the management of
these patients. The standard method of moni-
toring glycemic control has been the periodic
measurement of the level of hemoglobin Alc
(HbAlc). On the other hand, the validity of
HbAlc measurement for these patients has
been debated, as HbAlc may be affected by
anemia and erythrocyte lifespan. Recently,
some reports have suggested the superiority
of using glycated albumin (GA) rather than
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HbAlc."™ We previously reported a linear or J-shaped
association between GA and l-year mortality, whereas
there was a U-shaped association between HbAlc and
mortality.3 With regard to long-term mortality, Chen et
al' recently analyzed the association between baseline
GA levels and 4-year mortality in 1053 dialysis patients
and reported that the adjusted HR for 4-year mortality
was significantly increased only in patients with GA levels
>21%, whereas it was not increased in those with lower
GA. However, whether a lower GA level is associated with
better or worse mortality s still unclear. The current guide-
lines for diabetes management do not fully describe this
association. Moreover, the association between glycemic
control and cause-specific mortality in dialysis patients is
not fully understood. Here, we reported an association
of baseline GA levels with cause-specific 3-year mortality,
stratified by patient nutritional condition, using a nation-
wide registry of dialysis patients in Japan.

METHODS

Database creation

This is a retrospective cohort study of Japanese nation-
wide annual questionnaire surveys of dialysis facilities
conducted by the Japanese Society for Dialysis Therapy
(JSDT). The details have been described previously.”™
The standard analysis file, which was prepared by the
Committee of Renal Data Registry for the present study,
covered patients with diabetes who were diagnosed with
diabetes and/or received diabetic medications, were on
maintenance hemodialysis on 31 December 2013, and
were followed for 3 years from 2013 to 2016. We excluded
patients who lacked a history of diabetes, received dialysis
fewer than three times a week or for less than 2 hours/
day, underwent organ transplantation, or received peri-
toneal dialysis and those whose records covering date of
birth, dialysis initiation, levels of GA, or outcome were
incomplete or included outliers (online supplemental
figure S1).

The database contains demographic data, laboratory
examinations, and dialysis information, as described
in table 1. Methods of laboratory data refining were
reported previously.” ? The laboratory value of whole
parathyroid hormone (PTH) was converted to intact
PTH by multiplying by 1.7. The database was designed
as a questionnaire-based registry; thus, all measurements
were routinely carried out at each facility. However, all
GA measurements in Japan were performed via an enzy-
matic method using the same Lucica GA-L kit (Asahi
Kasei Pharma, Tokyo, Japan),'’ and all HbAlc measure-
ments were standardized following the Japanese Diabetes
Society guidelines.'’ To assess the malnutrition status of
the patients, the Global Leadership Initiative on Malnu-
trition criteria'®> were used, and patients with serum
albumin levels <3.8g/dL and those whose body mass
index (BMI) was low (<18.5 if <70 years and <20 if 270

years) or who experienced weight loss more than 10%
during 2013-2014 were defined as having malnutrition.

Statistical methods

Patient demographics were summarized by the mean
and SD or by the median and IQR, and these data were
compared by the X2 test, t-test, or Wilcoxon U test, as
appropriate. GA and HbAlIc levels were categorized using
the deciles of patients who had GA measurements. The
cut-offs for GA levels were 15.8%, 17.2%, 18.3%, 19.3%,
20.4%, 21.5%, 22.9%, 24.8% and 28.0%, with GA 15.9%-
17.2% as the reference. The cutoffs for HbAlc levels
were 5.0%, 5.3%, 5.6%, 5.8%, 6.0%, 6.3%, 6.6%, 7.0%,
and 7.6%, with an HbAlc of 6.0%—6.3% as the reference.
We estimated the association between baseline glycemic
control groups and all-cause mortality with 95% confi-
dence limits (95% CL) with Cox regression and analyzed
both unadjusted and adjusted models for relevant covari-
ates measured at the study baseline, including age, sex,
vintage, dialysis modality, BMI, smoking, vascular compli-
cations, hypoglycemic agent use, antihypertensive drug
use, hemoglobin, albumin, C-reactive protein (CRP),
Kt/V, normalized protein catabolic rate, high-density
lipoprotein cholesterol, calcium, phosphate, and PTH.
The hypoglycemic agents reported here include insulin,
dipeptidyl peptidase-4 inhibitor (DPP4i), and oral hypo-
glycemic agents (OHAs). The time at risk started at
study enrollment and ended at death, follow-up loss,
or transplantation. Analyses were stratified by tertiles
of hemoglobin, albumin, and age as well as by history
of cardiovascular diseases (CVD); hypoglycemic agents
were used to determine the interaction between glycemic
control and these factors. The proportional hazards
assumption was verified using negative log survival curves
and Schoenfeld residuals. For cause-specific death anal-
yses, because other causes of death were considered
competing risks, the Fine and Gray models, as well as
cause-specific Cox hazard models, were used to incor-
porate the rates of competing risks into the cumulative
incidence function and subdistribution HRs (SHRs)."? '*
After Cox regressions and competing risk regressions, we
used the cubic spline with a 5 knots approach to arrive
at figures of HRs or SHRs with continuous GA or HbAlc
values. In addition, adjusted incidence rates (IR) for each
cause of death were compared among the GA or HbAlc
groups. All analyses were performed with STATA SE soft-
ware V.14.2 (StataCorp, College Station, TX, USA). The
study was registered with the University Hospital Medical
Information Network.

Patient involvement

Patients were not directly involved in the design, conduct,
reporting, or dissemination of our research. However, the
JSDT holds annual meetings to communicate with health
professionals and patients and has appreciated receiving
many valuable comments related to our study and the
survey itself that may benefit patients and care providers.

BMJ Open Diab Res Care 2020;8:€001642. doi:10.1136/bmjdrc-2020-001642


https://dx.doi.org/10.1136/bmjdrc-2020-001642
https://dx.doi.org/10.1136/bmjdrc-2020-001642

8 Epidemiology/Health services research

Table 1 Characteristics of dialysis patients with diabetes
Hypoglycemic agent Hypoglycemic
Total users agent non-users P value
n 40417 27761 12656
Mean (SD) Missing (%) Mean (SD) Mean (SD)

Age (years) 67.3+11.2 0 66.8+11.2 68.4+11.3 <0.001
Sex, female (%) 30.8 0 32.0 28.2 <0.001
Body mass index (kg/m?) 22.3+4.1 5 22.4+4 .1 22.0+3.9 <0.001
Primary kidney disease, DKD (%) 86.7 0 88.6 82.5 <0.001
Albumin (g/dL) 3.6+0.4 0 3.6+0.4 3.6+0.4 <0.001
Hemoglobin (g/L) 107+12 0 107+12 107+12 0.001
Hemoglobin Alc (%) 6.2+1.1 49 6.4+1.2 5.7+0.9 <0.001
Glycated albumin (%) 21.3+£5.3 0 22.3+5.5 19.3x4.4 <0.001
C-reactive protein (mg/dL) 0.15 (0.06, 0.46) 13 0.15 (0.06, 0.47) 0.14 (0.06, 0.46) 0.99
Geriatric nutritional risk index 92.8+8.0 5 93.0+7.7 92.4+8.4 <0.001
Systolic blood pressure (mm Hg) 157+24 1 157+24 156+24 <0.001
Diastolic blood pressure (mm Hg) 7814 1 7814 78+15 0.95
Antihypertensive drug use (%) 74.8 4 75.9 72.3 <0.001
Calcium (mg/dL) 8.7+0.7 0 8.7+0.7 8.7+0.8 <0.001
Phosphate (mg/dL) 5.2+1.4 0 5.2+1.4 5.2+1.5 0.40
Intact parathyroid hormone (mg/dL) 128 (70, 207) 4 127 (69, 205) 131 (73, 211) <0.001
Insulin use (%) 36.3 1 683 0 <0.001

DPP4 inhibitor use (%) 32.0 3 471 0 <0.001

Other hypoglycemic agent use (%) 23.0 8 34.0 0 <0.001
Smoking (%) 14.9 12 15.0 14.6 0.24
Hemodiafiltration (%) 10.0 0 10.4 9.1 <0.001
Kt/V 1.39+0.28 4 1.39+0.28 1.38+0.28 0.006
Comorbid condition (%) 37.7 6 38.0 371 0.09
Malnutrition (%) 20.6 0 19.7 22.5 <0.001

Hypoglycemic agents included insulin, dipeptidyl peptidase-4 inhibitor (DPP4i), and oral hypoglycemic agents (OHA). The Global Leadership
Initiative on Malnutrition (GLIM) criteria (serum albumin <3.8 g/dL, and patients whose body mass index was low (<18.5 if <70years old and
<20 if 270 years old) or who experienced weight loss more than 10% during 2013-2014) were used to assess malnutrition.'?

DKD, diabetic kidney disease; DPP4, dipeptidyl peptidase-4.

RESULTS

After exclusions, 40417 hemodialysis patients with
diabetes mellitus (27761 patients with hypoglycemic
agent use, 12656 patients without hypoglycemic agent
use) were included in this study. As shown in table 1,
the characteristics of the 40417 patients were as follows:
mean age 67.3+11.2 years, mean dialysis vintage 5.4+4.6
years, 30.7% female, 22.3+0.1 kg/m2 BMI, 10.0% on
hemodiafiltration, 38.2% with CVD history (including
stroke, cardiac ischemia, myocardial infarction, and
amputation), 3.6+0.4g/dL albumin, 107+12g/L hemo-
globin, 6.2%+1.1% HbAlc, 21.3%+5.3% GA, and 20.5%
with malnutrition. The proportions of insulin users,
DPP4i users, and OHA users were 35.8%, 31.8%, and
22.9%, respectively. The average values of age and dialysis
vintage were lower, and those of BMI, HbAlc, GA, as well
as the proportions of patients who were female, smokers,
on hemodiafiltration, and malnourished were higher in

patients using hypoglycemic agents than in those not
using hypoglycemic agents (table 1). During observa-
tion, 10154 deaths (2195 infection-related deaths, 3898
cardiovascular-related deaths, 827 cancerrelated deaths,
and 3234 other deaths) were recorded.

All-cause mortality stratified by serum GA levels

After adjusting for age, sex, vintage, dialysis modality, BMI,
smoking, vascular complications, hypoglycemic drug use,
antihypertensive drug use, hemoglobin, albumin, CRP,
Kt/V, normalized protein catabolic rate, high-density
lipoprotein cholesterol, calcium, phosphate, and PTH
at baseline, the relationship between the adjusted HRs
and GA was J shaped, with the lowest HR associated with
the GA level 15.9%-17.2% (table 2 and figure 1A). The
adjusted HRs of all-cause 3-year mortality were linearly
increased after the minimum and were significantly
worse in patients with GA levels >21.5%. This trend was
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Table 2 The adjusted all-cause mortality by serum glycated albumin levels in dialysis patients with diabetes

Patients using

Patients not using

Patients using

All patients hypoglycemic agents hypoglycemic agents hypoglycemic agents with

(n=40417) (n=27761) (n=12656) malnutrition (n=5467)
GA level (%) HR 95% CL Pvalue HR 95%CL Pvalue HR 95% CL Pvalue HR 95% CL P value
<15.8% 1.08 09 122 019 1.07 089 129 046 1.05 0.75 146 0.78 111 094 130 0.22
15.9%-17.2% 1.00 1.00 1.00 1.00
17.3%-183% 1.11 098 125 0.10 1.06 090 1.26 0.47 095 0.71 128 0.73 114 096 135 0.13
18.4%-19.3% 1.08 096 121 022 105 089 124 054 1.02 077 135 0.91 1.09 091 130 0.35
19.4%-204% 1.10 0.98 124 0.10 1.12 096 1.31 0.14 094 0.71 1.24 0.65 1.038 0.86 1.24 0.72
20.5%-215% 1.11 099 126 0.08 1.07 091 125 040 087 066 1.14 0.32 1.18 097 143 0.09
21.6%-229% 1.15 1.02 129 0.02 1.13 097 132 0.11 095 073 1.24 0.70 112 093 1.36 0.22
23.0%-248% 125 112 1.41 <0.001 1.22 1.05 1.41 0.01 1.00 0.77 1.29 0.99 1.32 1.09 1.60 0.004
249%-28.0% 1.33 1.19 149 <0.001 1.28 1.10 148 0.001 120 0.94 154 0.15 144 118 1.76 <0.001
>28.0% 151 135 1.69 <0.001 150 1.30 1.73 <0.001 133 1.05 1.70 0.02 146 117 1.82  0.001

The adjusted baseline variables were as follows: age, sex, vintage, dialysis modality, body mass index, smoking, vascular complications,
hypoglycemic drug use, antihypertensive drug use, hemoglobin, albumin, C-reactive protein, Kt/V, normalized protein catabolic rate, high-density
lipoprotein cholesterol, calcium, phosphate, and parathyroid hormone.

Hypoglycemic agents included insulin, dipeptidyl peptidase-4 inhibitor (DPP4i), and oral hypoglycemic agents (OHA). The Global Leadership
Initiative on Malnutrition (GLIM) criteria (serum albumin <3.8 g/dL, and patients whose body mass index was low (<18.5 if <70years old and <20 if
>70 years old) or who experienced weight loss more than 10% during 2013-2014) were used to assess malnutrition.'?

CL, confidence limits; GA, glycated albumin; HR, Hazard ratio.
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Figure 1 Mortality rates stratified by continuous glycated albumin levels. Overall mortality (HRs) in (A) all patients with
diabetes (n=40417), (B) patients with hypoglycemic agent use (n=27 761), (C) patients without hypoglycemic agent use
(n=12656), and (D) patients with malnutrition using hypoglycemic agents (n=5467). Infection-related mortality (HRs) in (E) all
patients with diabetes, (F) patients using hypoglycemic agents, (G) patients not using hypoglycemic agents, and (H) patients
with malnutrition using hypoglycemic agents. Cardiovascular-related mortality (HRs) in (I) all patients with diabetes, (J) patients
using hypoglycemic agents, (K) patients not using hypoglycemic agents, and (L) patients with malnutrition using hypoglycemic
agents. Cancer-related mortality (HRs) in (M) all patients with diabetes, (N) patients using hypoglycemic agents, (O) patients
not using hypoglycemic agents, and (P) patients with malnutrition using hypoglycemic agents. Hypoglycemic agents included
insulin, dipeptidyl peptidase-4 inhibitor (DPP4i), and oral hypoglycemic agents (OHA). HRs were calculated by the Cox model.
The adjusted baseline variables were as follows: age, sex, vintage, dialysis modality, body mass index, smoking, vascular
complications, hypoglycemic drug use, antihypertensive drug use, hemoglobin, albumin, C-reactive protein, Kt/V, normalized
protein catabolic rate, high-density lipoprotein cholesterol, calcium, phosphate, and parathyroid hormone. The cubic spline
with a 5 knot approach was used to arrive at figures of these ratios with continuous glycated albumin (GA) values.
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the same as the trend of all-cause l-year mortality we
previously reported.” When we stratified these relation-
ships by tertiles of hemoglobin, albumin, and age to
explore possible interactions, the slope became steeper
in patients who had higher serum albumin levels or
older age and in those who lacked a CVD history (online
supplemental figure S2).

The relationship was similar when we limited the
patients to hypoglycemic agent users (figure 1B). Never-
theless, in patients without hypoglycemic agent use,
the relationship was U shaped with the lowest GA level
of 15.9%-17.2% (figure 1C). In addition, a U-shaped
relationship between the adjusted HR and GA was also
observed in hypoglycemic agent users with malnutrition,
although the lowest HRs were observed in patients with
GA levels of approximately 21%, which was higher than
the levels in other patient groups (figure 1D). There-
fore, the normal reference range of GA for patients
with normal kidney function, 11.9%-15.8%, may not
be adequate for hemodialysis patients with diabetes,
especially those who are malnourished or who are not
prescribed hypoglycemic agents. Based on these find-
ings, the target GA level in patients with hypoglycemic
agents is less than <22%and can be relaxed to <24% if
patients are malnourished.

Cause-specific mortality by serum GA levels

Next, we examined cause-specific 3-year mortality strati-
fied by serum GA levels in our cohort. Based on records
of death codes in our data set, we categorized causes of
death as infection-related death, cardiovascular-related
death, cancerrelated death, and others. Considering
other causes of death as competing risk events, the rela-
tionships between the HRs/SHRs and GA stratified by
each cause of death are shown in figure 1 and table 3. For
infection-related mortality, the relationship was linear,
with a plateau among patients with GA levels >23% regard-
less of the use of hypoglycemic agents (figure 1E-G). For
cardiovascularrelated mortality, the relationship was
also linear regardless of the use of hypoglycemic agents
(figure 11-K). On the other hand, for cancerrelated
mortality, the relationships between HRs/SHRs and GA
were quite different between hypoglycemic agent users
and non-users. The HRs/SHRs almost plateaued (or
were slightly mountain shaped) at all GA levels in hypo-
glycemic agent users, whereas in patients not using hypo-
glycemic agents, the HRs of cancer-related mortality were
the highest in patients with GA <15.8% (HR 1.63 (1.00,
2.66), reference, GA 15.9 t0 <17.2%), and the HRs/SHRs
of those with higher GA levels were almost the same
(figure IM-O, table 3). This worsened cancer mortality
in the lower GA group was observed only in hypogly-
cemic agent non-users. In hypoglycemic agent users with
malnutrition, the relationship between HRs/SHRs and
GA was flat or mountain shaped (figure 1P), suggesting
that glycemic control by hypoglycemic agents may be less
important for patient cancer-specific mortality.

Overall and cause-specific mortality by serum HbA1c levels
To clarify how GA performed compared with tradi-
tional HbAlc, we examined overall and cause-specific
3-year mortality stratified by serum HbAlc levels among
patients with HbAlc measurements (n=20420) in this
cohort. After adjusting the same variables, the relation-
ship between the adjusted HRs and HbAlc was U shaped,
with the lowest HR associated with an HbAlc level of
6.1%—-6.3% (figure 2A, online supplemental table S2).
The trends were similar when we limited the patients to
hypoglycemic agent users, although the lowest HRs were
observed with HbAlc levels of 6.4%-7.0% in those with
malnutrition (figure 2B-D).

Considering other causes of death as competing risk
events, the relationships between the HRs and HbAlc
stratified by each cause of death are shown in figure 2
and online supplemental table S2. Similar to the previous
findings, U-shaped associations were found between
HbAlc and infectious or cardiovascular mortality. Patients
with HbAlc 27.6% had significantly higher infectious or
cardiovascular mortality rates (figure 2E-L). On the other
hand, inverse association trends were observed between
HbAlc levels and cancer mortality (figure 2M-P).

Adjusted IRs by serum GA levels

To compare the risks of each cause of death stratified by
hypoglycemic drug use, we calculated IRs for mortality
adjusting for age, sex, vintage, dialysis modality, BMI,
smoking, vascular complications, antihypertensive drug
use, hemoglobin, albumin, CRP, Kt/V, normalized
protein catabolic rate, high-density lipoprotein choles-
terol, calcium, phosphate, and PTH at baseline. The rela-
tionship between the adjusted overall mortality rates and
GA was similarly U shaped, with the lowest IR at GA levels
of 15.9%-17.2%. The overall IRs were smaller in patients
with hypoglycemic drug use than in those without drug
use at all GA levels (online supplemental figure S3,
online supplemental table S1). In addition, a steeper
slope was observed for the association between cardiovas-
cular mortality rates and GA level than for the associa-
tion between overall mortality and GA level. Interestingly,
the difference in cardiovascular-related mortality rates
between hypoglycemic users and non-users increased
with increasing GA levels. In addition, the cancer-related
mortality rates of hypoglycemic agent non-users with very
low GA levels (<15.8%) were slightly higher than those of
patients in other categories, while those of hypoglycemic
agent users were almost the same at any GA level (online
supplemental figure S3, online supplemental table S1).

DISCUSSION

In this study, we examined associations between 3-year
mortality and GA and HbAlc levels and found that they
were substantially different based on causes of death and
patient backgrounds. Based on our findings, the target
GA level in patients using hypoglycemic agents is less
than <22%and can be relaxed to <24% if patients are

BMJ Open Diab Res Care 2020;8:001642. doi:10.1136/bmjdrc-2020-001642

5


https://dx.doi.org/10.1136/bmjdrc-2020-001642
https://dx.doi.org/10.1136/bmjdrc-2020-001642
https://dx.doi.org/10.1136/bmjdrc-2020-001642
https://dx.doi.org/10.1136/bmjdrc-2020-001642
https://dx.doi.org/10.1136/bmjdrc-2020-001642
https://dx.doi.org/10.1136/bmjdrc-2020-001642
https://dx.doi.org/10.1136/bmjdrc-2020-001642
https://dx.doi.org/10.1136/bmjdrc-2020-001642
https://dx.doi.org/10.1136/bmjdrc-2020-001642

<0 panunuon

Epidemiology/Health services researc

(Z¥'1 '92°0) 2970
(80°2 ‘6€°0) 060
(181 ‘080) ¥2°0
(85I ‘e2°0) 19°0
(182 ‘9r'0) vL'L

00'L
(98'1 ‘21’00 950

G1'2 ‘'26°0) 0%’
26l ‘62°0)€2°L
28’1 ‘SL0) LLL
G9'| ‘G9°0) €0°k
08 L LLO)ELL
'L ‘29°0) 98°0
222 '98°0) 8¢’
/9| ‘85°0) 660

00t
(2871 85°0) ¥0° |

~ o~ o~ o~ o~ o~ o~ —~

(Ge'2 ‘68°0) vk
(912080 LEk
(€91 ‘85°0) 260
(081 ‘2900 90°L
(821 ‘19°0) ¥O'k
(19'1 ‘€5°0) 260
(991 ‘€5°0) ¥6°0
(902 ‘v9°0) Sk

00°L
(Fv'2 ‘020 L€k

(55°1 ‘92°0) ¥9°0
(66°1 ‘2€°0) 98°0
(€81 ‘1€°0) G20
(09’1 ‘e2’0) 1970
(092 ‘v¥°0) L0k

00°L
(F8'L°21'0) 950

¥€'2 '66°0) 25't
86| ‘28°0) L2}
28’1 ‘v20)9L'L
G9'l ‘G9°0) €0°L
G9'L ‘¥9°0) €0'L
Ot'l ‘25°0) G8°'0
81°2 ‘¥8°0) €'
8G°1 ‘G5°0) €6°0

00t
(c6'L ‘09°0) L0°}

~ o~ o~ o~ o~ o~ o~ —~

(67°2 ‘96°0) GS' |
(Gez ‘s8'0) 8¢
(0271 ‘290 c0'k
(€81 ‘'59°0) 60"k
(99'} “25°0) 86°0
(S9°1 ‘'S5°0) S6°0
(9271 25°0) 00°}
(906'0 ‘29°0) 01"}

00°L
(£62'v20) L8°L

(rez 990 L2t
(So'L“210) ev0
(e5'1 ‘ev°0) 18°0
(€02 '99'0) 9L
(681 ‘'€9'0) 60"t

00°L
(892 ‘001 ¥9'L

GG ‘ee 9Ll
102 ‘66°0) L' L
28’ ‘v6°0) LE'L
78| ‘86°0) ¥’
161 ‘LO°L) B6E°L
LGL18°0) 0Lk
69°L ‘v6°0) 92|
€8'L ‘S0°1L) 6E°

00°tL
(9g'1 ‘82°0) €0°}

—~ e~~~ /~ o~ —~

(¥9'1 ‘29°0) 10}
(L0'z ‘68°0) ¥ L
(P21 ‘28’0 6Lk
(871 '89°0) 00"t
(@9 ‘'s20) 0Lk
(091 ‘6270 2Lt
(Ge'I ‘85°0) G8°0
(91'1 ‘55°0) 08°0

00°tL
(81°1 ‘85°0) €8°0

(crzeo0 oLt
(20"1 ‘81°0) 70
(671 ‘c°0) 08°0
(002 ‘590 vLk
(68} ‘€9'0) 60"k

00°L
(992 ‘00'1) €91

912 'SE’L
ARAVI
26’} ‘00"t
6.} ‘S6°0
€6} ‘€0t
6t ‘180
99'} 260
€8'L GO}

€6'L
1S°L
6e’L
Kol
ML
60°L
veL
6E’L
00'L
(ov'1 ‘08'0) 90° |

(
(
(
(
(
(
(
(

—_ T = — = = — —

(2L 12001k
8Lz 1o 8yt
(981 ‘28'0) 82¢'I
(Z¥'L‘29'0) 00"k
(o't ‘520 2Lt
(L9L ‘08°0) ¥L'L
(0g'} ‘19°0) 68°0
(e2'1 '65°0) 680

00t
(82°1'%9°0) 06°0

(8L 29°0) LL'L
(691 ‘65°0) 00"}
(602220 2L
(691 “26°0) 860
(681 ‘€9°0) 60"k

00°L
(S5°1 ‘2t°0) 08°0

€160}
or'L ‘160
Lv'L ‘88°0
6€'} '98°0
0v'L ‘98°0
ve' L 280
2eL ‘620
9’} ‘080

L€
GL'L
4Nt
60°L
oLt
GO'L
2oL
Y0l
00t
(8e"1 220 €0}

= T S S = —

(
(
(
(
(
(
(
(

Lz el 9g't
(T Ar AN el
(881 ‘'96°0) G€' I
(§5'+‘22°0) 60°k
(L2 ‘¥8°0) 02k
(G8'1 ‘26°0) LE'L
(65°1 ‘9200 0L L
(98'1 ‘68°0) 62}

00k
(S¥'1 ‘19°0) ¥6°0

(cLz‘eo0 9Lt
(20"1 ‘81°0) ¥¥7°0
(67°1 ‘€°0) 08°0
(002 ‘590 vLk
(681 ‘€9°0) 60"t

00°L
(992 ‘00'1) €91

9/°2°Ge’l) €6'
€12 ‘L0°1) 1Sk
26’1 ‘00" L) 6E°L
6.°} ‘G6°0) L€k
€6'L ‘S0’ 'L
6%'L ‘18°0) 60°L
99| ‘26°0) vt
€8'L ‘S0°1L) 6E°

00t
(ov'1 ‘08°0) 90° 1

~ o~ o~~~ o~~~

(€L L 12001k
8Lz Lol 8yt
(Lv'1 280082k
(Z¥'L°29'0) 00"k
(o't ‘520 ekt
(191 ‘08°0) ¥1'L
(0g'1 ‘19°0) 68"
(e2'1 '65°0) 80

00°L
(82'L ‘v9°0) 06°0

(991 ‘82°0) ¥k
(22’1 ‘55°0) €8°0
(85°L ‘v2°0) 80"}
(GS'L ‘12°0) SOk
(09’1 ‘v2°0) 80"

00°L
(G8'1 “28°0) L2k

181 ‘ve’ 1) 0G°L
€51 ‘S0°1) L2k
ov'L ‘00°1) L2t
ov'L ‘00°L) L2k
8¥'L ‘00°L) g2’
€S’ ‘16°0) 011
8C’L ‘v60) V1L
9’| ‘66°0) 02’ |

00t
(Ge'1 ‘€8°0) 20°

~ o~ o~ o~ o~ o~ o~ —~

(P21 20°1) 927k
6L1L LD 7L
(651 ‘'86°0) ¥C' |
(ce'1L ‘08'0) 20t
(Gv'1L ‘280 2Lt
(rS'1L ‘v6°0) 02k
(92’1 ‘52°0) 260
(ce'l ‘620 20k

00'tL
(7171 '99°0) 280

(991 ‘82°0) ¥k
(22’1 ‘55°0) ¥8°0
(651 ‘52°0) 60"+
(85I ‘€2°0) LO°L
(19'L ‘¥2°0) 60°L

00'L
(06°L ‘68°0) 0€' |

%6°¢C—%9' ¢
%S 1¢=%S'0¢
%1'0c—%V'61
%E61-%V'8L
%E8L-%E L1
%2 LI=%6'G1

%8'GI>

Aljeniow paje|ai-leoue))

G6'} ‘Ge°l) 29’1
09} ‘60°1L) 2L
LS'L ‘PO H) 92°L
9’1 ‘00°L) LTk
77 L00°L) LTt
vEL‘16°0) L1
8¢’ ‘e60) EL'L
S| ‘66°0) 02|

00t
(82'1 ‘g8°0) ¥0' |

~ o~ o~ o~ o~ o~ o~ —~

%0'8¢<
%0'8¢-%6'7¢
%8'17¢-%0'€c
%6°¢c—%9' ¢
%G 1¢—%G0¢
%¥'0c-%V'61
%E61-%V'8L
%E81L-%E L1
%2 LI=%6'G}

%8'G1>

Aujeniow paje|ai-Ie|nosenoipien

(287 L ‘9L 1) 8L
(gL 21 ert
(291 ‘e0'h) LEL
(1e'1L ‘62°0) 20°L
(@v'1 ‘s8°0) 0L'L
(¥S'1 ‘s6°0) L2t
(le'L '82°0) 1Ok
(re'1L ‘08°0) ¥O'k

00'L
(ce L1200 €60

%0'8¢<
%0'8¢—%6'7¢
%87¢-%0°€c
%6°¢c~%9'L¢
%SG 12=%G'0¢
%¥'0c-%V'61
%E€61-%V'8L
%E'8L-%E L1
%< LI=%6'GL

%8°GlL>

Aujeuow pejejal-uonosyu|

(19 %S6) HHS

(19 %S6) "H

(19 %S6) HHS

(19 %S6) "H

(19 %S6) HHS

(19 %S6) 4H

(19 %S6) HHS

(19 %S6) °H

(2o9pg=u) sjuabe olwaoaA|6odAy
Bunje) uoiNUEW YUM sjuaied

(9g921=u) sjuabe
olwaoA|6odAy Bupje] Jou suaned sjuabe ojwasA|bodAy Bupjey sjuaned

(192 22=u)

(L1 op=u) syuened ||y

19A3] VO

sejegelp Yum siusired sisAjelp ul sjpAs| uiwingfe paieoA|b wniss Ag palielis sejel Alljeniow olloads-asneo paisnipy € ajgel

BMJ Open Diab Res Care 2020;8:€001642. doi:10.1136/bmjdrc-2020-001642



8 Epidemiology/Health services research

=5467)
SHR (95% CL)

0.96 (0.43, 2.12) 0.93 (0.43, 2.05)
0.84 (0.37, 1.91) 0.78 (0.35, 1.76)
0.61 (0.26, 1.42) 0.54 (0.24, 1.22)

hypoglycemic agents (n

o
£ 5 g
~ [0}
T g 32
c S @
] 5 ®7
= = c
= Q 20
=] = = B
= [} O =
£ $ =35
© v = £
£ g 7°¢
O E
<= —_ > =
= =l s <3
S (8] € S o
© = 0
0 X - 5@
- fﬂ (] 5 ©
c kY a c 0o
o -~ .m_‘;
D O
® 2 EC§$
o I 'Ogg:s
L5082
2 Ec=>20
—_ ~ —~ b=
£ ~ 55| 8vE3
g |HA|lo oS |x5EF
g |9 dai|B5ET
= (J -~ - -~ o
=) SN N o &2RES
o v © v w 55X
& |2 2SS |4s5285
g (£glw ocan|525T
o |E|N -~ |sc9%D5
C =N~ ~ 80)'_3
=2 ~ —~ ~|5582
8o O N9 | gco=
SN|FI YRR 520 9
5 a | 0838
:IIO - - - =~ C - =
Sle| P WV ©| ToF %
L=l ©0 |3 - .5
clfBlSs S| a2y
255w o« 0| $5T 3
S oL 2 N | 58O
Ao+~ +~ +— CO\U;O
T = —
7 £ ©oc
£ £3895
c —_ ~ ~| E2 @
) ~ T =] 00 T
O NN Y| xgo9
© O+~ « +~ [ =S
L (el vos|2cgE
o N S O | .= 5 0 o
£ W © ©CO| =25
S |@lecc |82
2 |E|lo ws|ESLO
=) I S Qx| x>LEe
8_ N~ ~ O -g_gagg_-'
> Qc 53T
< S 0o O C
_ ~ ~ | = ~ O
= o NOo| 585 AS
S || OO |lc5 =3
< E;NNN g%;fo-,—_
S~ N - Sadqg
Ylo|l® w ol g9 VY2
LO|sINN © V| geqo 3
eV oo coo | =28Tc S
NO|I === T
_9 < = c O ]
= N 0O o o |5 E2T -
cllE|® N~ | 203X
g SEF..
Cos 0o
~ ~=~|35003%
~| o ~ o NS
=0 00| X8I Vo
~ - - ~ Q. N
RNFfFd |20
8!\!\_:.0_ gwo.ggx
=L yszia
| 0o © O 32“‘:561
TIE|Qex|e588cC
< w SO »n 3
= TG - B2
5 ~ ~ ~| o5E£EC%Tw
o NhO|525€E5
ElmLQ 00| 2909
o3| = - - 0o ETH
20| - . | 82080
Clol T o | 2502 >
SIS |N KNI F5S 2D
BWlococo|=sl350
| === © T © <€
5 O~ o © o™ >0E£0806
d| =S|E|Q@ X200y
-] ||+~ ~ O ='§CM-"=
= g:%%‘-g
= =
5 28 |S5:598
© o o L F o
© <+ © 2 by o
=l o o VO
© 1L I R|2excE
) 25 52 |88%ES
8 A > .
g <oo<rg 8%29—1
- Ol 0 AN FEITTO

malnourished. Additionally, the target GA level can be
lowered to <20.5%to prevent cardiovascular mortality.
On the other hand, inverse associations were found
between GA levels and cancer mortality. In HbAlc anal-
yses, we found similar trends to those in the GA analyses.
The target HbAlc level in patients using hypoglycemic
agents is 5.3%-7.6%and can be relaxed to <8.0% in
those with malnutrition.

A major strength of this study is that this is the first
and largest cohort study examining the effects of GA and
HbAlc levels stratified by patient nutritional conditions
on long-term mortality and cause-specific mortality in
patients with diabetes on hemodialysis. The nationwide
questionnaire-based study design may have resulted in
some selection bias, recall bias, misclassification bias,
or errors in the data collection process. Additionally,
as with any annual survey, our database contains a one-
point estimate of glycemic control per year, rendering
analyses with time-averaged GA levels within the observa-
tional period impossible. However, considering the size
of the study and the very high response rate (98.7% of
facilities in Japan'®), these biases are likely to have been
minimized. Second, we lacked information about the use
of erythropoietin-stimulating agents and some residual
confounders. However, because it was reported that GA
was not affected by the lifespan of red cells, the effects
of these drugs on the GA-mortality association may be
small and may not change our conclusions. In addition,
when we compared patient 3-year mortality between
these two groups, we found 75.5 (75.1, 76.0) % in those
with GA measurements and 74.4 (74.0, 74.8)% in those
without GA measurements (p<0.01). Therefore, the lack
of measurement of GA may have resulted in an underes-
timation in our results. Furthermore, we captured only
mortality. We could not evaluate the incidence of infec-
tion, CVD events, or cancer. The quality of facilities and
access to facilities may also affect the association between
incidence and mortality.

Previously, Chen et al' reported that high GA measure-
ments were associated with increased 4-year mortality
in 1053 patients with diabetes on dialysis. Similar find-
ings were also reported by Fukuoka et al'® (n=98) and
Freedman et al'” (n=401 on hemodialysis and n=43
on peritoneal dialysis). However, all these previous
reports focused only on associations between higher
GA levels and all-cause and/or cardiovascular-related
mortality. Because of the limited number of patients in
these studies, they concluded that all-cause and cardio-
vascular mortalities were higher or linearly increased
in patients with higher GA levels. Additionally, these
studies did not take into account competing risks. A
linear association between cardiovascular mortality and
GA levels was also reported in non-dialysis-dependent
patients with chronic kidney disease.'® Here, we found
a linear relationship between overall and cardiovas-
cular mortality in patients with GA levels 217.5%. These
associations were flat in patients using hypoglycemic
agents with GA levels <17.5%, and they became J or U
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Figure 2 Mortality rates stratified by continuous hemoglobin A1c levels. Overall mortality (HRs) in (A) all patients with diabetes
(n=20420), (B) patients with hypoglycemic agent use (n=14024), (C) patients without hypoglycemic agent use (n=6396),

and (D) patients with malnutrition using hypoglycemic agents (n=2626). Infection-related mortality (HRs) in (E) all patients

with diabetes, (F) patients using hypoglycemic agents, (G) patients not using hypoglycemic agents, and (H) patients with
malnutrition using hypoglycemic agents. Cardiovascular-related mortality (HRs) in (I) all patients with diabetes, (J) patients
using hypoglycemic agents, (K) patients not using hypoglycemic agents, and (L) patients with malnutrition using hypoglycemic
agents. Cancer-related mortality (HRs) in (M) all patients with diabetes, (N) patients using hypoglycemic agents, (O) patients
not using hypoglycemic agents, and (P) patients with malnutrition using hypoglycemic agents. Hypoglycemic agents included
insulin, dipeptidyl peptidase-4 inhibitor (DPP4i), and oral hypoglycemic agents (OHAs). HRs were calculated by the Cox model.
The adjusted baseline variables were as follows: age, sex, vintage, dialysis modality, body mass index, smoking, vascular
complications, hypoglycemic drug use, antihypertensive drug use, hemoglobin, albumin, C-reactive protein, Kt/V, normalized
protein catabolic rate, high-density lipoprotein cholesterol, calcium, phosphate, and parathyroid hormone. The cubic spline
with a 5 knot approach was used to arrive at figures of these ratios with continuous HbA1c values.

shaped in patients with malnutrition or those not using
hypoglycemic agents.

In this study, overall mortality and cardiovascular-
related mortality were poor in dialysis patients with
diabetes who had low GA levels and did not use hypo-
glycemic agents. These patients may represent patients
with so-called ‘burnt-out diabetes’, who experience spon-
taneous resolution of hyperglycemia and do not need
hypoglycemic agents due to malnutrition, protein energy
wasting or other reasons.'” Because worse mortality has
been reported for these patients,'”™' the mortality of the
patients with lower GA was understandably increased.
The most frequent cause of death in patients with
diabetes on hemodialysis was cardiovascular demise in
Japan (26.0% at December 2015) and other countries.'”
Therefore, it is reasonable to assume that the associa-
tion of overall mortality with GA was similar to that of
cardiovascular mortality. In fact, Ricks et al' reported
that both overall mortality and cardiovascular mortality
had similarly U-shaped associations with HbAlc, with the
lowest mortality in those whose HbAlc level was 6%—-8%.
Notably, their HbAlc levels associated with the lowest
mortality were slightly higher than our results. However,
the different ‘best’” HbAlc levels in dialysis patients
between the USA and Japan are consistent with previous

findings.”” ** Patients’ sociodemographic and comor-
bidity characteristics and dialysis practice pattern differ-
ences may influence this phenomenon.

The reason the ‘best GA level’ was different among
patients with and without malnutrition is unknown. The
amount of muscle, serum albumin, or chronic infec-
tious status could affect the level of GA or glycogenesis.
However, we need to remember that the GA reference
range for patients with normal kidney function (11.9%-
15.8%>*) may not be suitable for dialysis patients, espe-
cially those with sarcopenic conditions or those not
using hypoglycemic agents. Because the HRs/SHRs of
cardiovascular-related death and cancerrelated death
in those with lower GA levels were similar to the HRs/
SHRs in those with higher GA levels of 20%-22%, the
higher mortality in these patients may be mainly due to
an increased risk of infection-related death. Therefore,
we should be aware of the risk of infection in patients
with lower GA levels, especially patients with malnutri-
tion. With increasing numbers of elderly individuals
and patients with diabetes and frailty, the target range of
GA may become a substantial problem throughout the
world. Our results may help improve patient care and
may contribute to future guidelines for the management
of patients with diabetes on dialysis.

8
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In patients not using hypoglycemic agents, we found
that lower GA levels were associated with a higher risk
of cancerrelated death. This association may be a
reverse causal relationship, and thus, it may be reason-
able to assume that very low GA levels were observed in
patients with poor general condition who were going
to die within 3 years. Interestingly, a recent health
check-up cohort study reported a U-shaped associa-
tion between HbAlc levels and future malignancies in
a population without diabetes. They suggested that a
low HbAlIc level may be associated with the incidences
of breast cancer and female genital cancer.” Although
their population was different from ours, it is note-
worthy to suggest that low GA in dialysis patients with
diabetes not using hypoglycemic agents may indicate
an increased risk of cancer-related death. Therefore, if
we encounter patients with very low GA levels, cancer
screening tests may be recommended for early detec-
tion. In other words, very low GA levels in those patients
could be considered an alert for cancer screening.
Unfortunately, serum glucose levels were not assessed in
our cohort. Therefore, it is unknown whether lower GA
levels were associated with hypoglycemia or a cachexic
condition in patients with malignancy. A comparison
of continuous glucose monitoring with GA levels in
these patients should be performed to understand the
mechanism underlying this phenomenon. Finally, the
adjusted mortality rates, including infection-related
death and cardiovascular-related death, were consis-
tently lower in patients using hypoglycemic agents than
in non-users in any group at the same GA levels. These
results may suggest that some pleiotropic effects for
mortality beyond glycemic control may be present in
those using hypoglycemic agents.

In conclusion, we found that the association between
3-year mortality and GA level was linear only in patients
with GA 218% and not in patients with a low GA level.
Target GA and HbAlc levels in dialysis patients may
differ according to hypoglycemic agent use, nutri-
tional status, and the presence of cancer. The levels
may be higher in malnourished patients than in other
patients, and a very low GA level in dialysis patients not
taking hypoglycemic agents may be associated with a
risk of cancer. These data may suggest that target GA
and HbAlc levels should be modified based on patient
conditions.
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