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Background: Diabetes kidney disease (DKD) is one of the main complications in patients with diabetes
and good control of glycaemia is very important since earlier stages of chronic kidney disease (CKD).
Glycated haemoglobin (HbAlc) is the traditional test for glycaemic monitoring nevertheless may be
influenced by several pathophysiological conditions that limited its use in patients with CKD. Glycated
albumin (GA) is a promising test as a potential marker of glycaemic control. This scoping review aimed to
summarizes the evidences in the literature about the usefulness and limitations of GA as a glycaemic marker
in diabetic patients with DKD.

Methods: This is a review with a systematic search of literature. We searched PubMed (MEDLINE) for
reports published up to May 2021 using the search terms related to diabetes, GA and renal disease combined.
Results: Sixty-one studies met our inclusion criteria and were included in the qualitative synthesis of this
review. These studies were related to glycaemic control (n=27), outcomes (n=30), technical aspects of GA
measurement (n=1), diabetes mellitus post-transplant (DMPT; n=1), and interfering factors in GA analysis
(n=4). GA and HbAlc are similarly associated with glycaemia and may be used as indicators of glycaemic
control. Furthermore, GA is associated with the risk of mortality in patients with diabetes undergoing
dialysis and showed positive association with microvascular complications in patients with diabetes with
early DKD.

Conclusions: In conclusion, GA may be an alternative marker of glycaemic control when conditions that
affect HbAlc are present and may be a promisor biomarker for the management of diabetes mellitus (DM)
patients with and without CKD.

Keywords: Glycated albumin (GA); chronic kidney disease (CKD); diabetes renal disease (DRD); diabetes;

glycaemic control

Received: 25 January 2022; Accepted: 21 March 2022; Published: 30 April 2022.
doi: 10.21037/jlpm-22-2
View this article at: https://dx.doi.org/10.21037/jlpm-22-2

© Journal of Laboratory and Precision Medicine. All rights reserved. 7 Lab Precis Med 2022;7:12 | https://dx.doi.org/10.21037/jlpm-22-2


https://crossmark.crossref.org/dialog/?doi=10.21037/jlpm-22-2

Page 2 of 17

Introduction

Chronic kidney disease (CKD) is considered a public health
problem and it is one of the main complications in patients
with diabetes mellitus (DM). CKD may be diagnosed by
persistent high urinary albumin excretion (albuminuria), low
estimated glomerular filtration rate (eGFR), or other signs
of kidney damage (1). Around 20% to 40% of DM patients
develop kidney disease, called diabetes renal disease (DRD),
with or without overt proteinuria (2). DRD can progress
to end-stage renal disease (ESRD) requiring dialysis or
kidney transplantation. Also, DRD significantly increases
cardiovascular risk and health care costs. An appropriate
glycaemic control decreases the rate of progression to renal
failure in these patients; therefore good control of glycaemia
is important since earlier stages of CKD (2).

Glycated haemoglobin (HbAlc) is the standard test for
glycaemic monitoring in patients with DM (1). However,
this assay is influenced by several pathophysiological
conditions that become this test unreliable in patients with
CKD, such as anaemia, uraemia, erythropoietin use and
treatment by haemodialysis (HD), and its interpretation
is difficult (3-5). Glycated albumin (GA) is a promising
test with increasing interest in the last years as a potential
marker of glycaemic control (6). Biochemically, the
glycation of albumin to generate GA is similar to that of
haemoglobin to yield HbAlc and it has been proposed as
an alternative marker of glycaemic control in conditions
wherein erythrocytes lifespan is altered or other condition
that affects HbAlc (6). Some data reported that GA may
be superior to HbAlc in assessing blood glucose control
in diabetes patients with advanced CKD (7) due to GA
it is not influenced by anaemia or treatments such as
erythropoietin or HD. Also, GA is a short-term glycaemic
index and indicates more rapidly variations of glycaemia
than HbAlc.

In this way, the objective of this review was to summarize
the evidence in the literature about the usefulness and
limitations of GA as a glycaemic marker in patients with
diabetes with CKD. We present the following article in
accordance with the PRISMA Scoping Review reporting
checklist (available at https://jlpm.amegroups.com/article/
view/10.21037/jlpm-22-2/rc).

GA: a quick overview

GA is derived from non-enzymatic glycation between
albumin, the most abundant protein in plasma, and glucose.
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Glycation is a physiological process that occurs when an
N-terminal amino acid residue binds to sugar and produces
a chemical product called “fructosamine”. Therefore, GA
is a specific type of fructosamine that represents about 80%
of the total of glycations in plasma (6). Although glycation
is a natural process, it modifies the structure of albumin,
leading to a reduction in the antioxidant activity of the
protein and affecting its binding properties (8). Besides,
advanced glycation stages of albumin induce the formation
of advanced glycation end-products (AGEs), which account
for additional oxidative events, related to several health
complications (9).

Serum albumin is the most sensitive protein to glycation.
"This is mainly due to its high concentration in the body and
its turnover is smaller when compared to other proteins,
including haemoglobin (21 days against 120 days) (9).
According, GA provides the glycaemic balance over
3 weeks, and it is considered a short-term biomarker
for DM (8). When compared to HbAlc, the glycaemic
marker recommended for DM monitoring and diagnosis
by international consensus (1), GA has some advantages.
GA is not affected by haemoglobin turnover, therefore,
measurement of GA is not influenced by anaemia and iron
deficiency (10), and it is also a good predictor of chronic
complications in DM. Then, GA has been accepted as an
alternative biomarker of glycaemic control when HbAlc is
not reliable (6).

There are several methods proposed for the
quantification of GA, as colorimetry, chromatography,
immunoassay, and mass spectrometry. In 2002 a new
enzymatic method for GA measurement was described (11)
and, posteriorly, launched into the market. This method
(Lucica GA-L®, Asahi Kasei Pharma Corporation, Tokyo,
Japan) employees an albumin-specific proteinase, which
yields a simple, rapid, accurate and easily automatized
technique (12,13). After Lucica GA-L®, other enzymatic
assays from different manufacturers have been launched,
but with similar performance (14-16).

Although the GA has become highly studied, and its
safety and efficiency has been scientifically evaluated, it is
still few employed for clinical practice in countries other
than Asians (17). One limitation for the applicability of GA
in the routine of clinical labs may be the higher cost when
compared to HbAlc. We have compared two different
assays for GA and the price per test was around $4 to $6, in
contrast with HbA1C test that is around $2 to $3 in Brazil
(6,15). However, this scenery is likely to change in a near
future. Studies show that reference levels of GA vary from
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approximately 10% to 18% (18), with a considerable low
biological variation (19).

However, there are some conditions that may affect
its levels and lead to misinterpretation. For instance, in
albumin catabolism increases, as in nephrotic syndrome and
hyperthyroidism, wherein lower GA values do not accurately
reflect blood glucose concentrations (9). Nephrotic-
range proteinuria decreases GA levels independent of the
glycaemic status in patients with diabetes with CKD (20).
GA s also reported to serve as a safe indicator of glycaemic
control in patients with diabetes on dialysis, once the
influence of albumin leakage induced by HD on GA levels
was reported to be practically negligible (21). Overweight
and obese individuals also present a negative correlation
with GA, probably because of the chronic inflammation
involved, which increases albumin turnover (6,15). In HD
patients with DM, GA exhibited inverse correlations with
BMI, total lean mass, total fat mass, and truncal fat mass (22).
On the other hand, GA values are reported to be higher
in conditions in which albumin metabolism is reduced,
such as in liver cirrhosis and hypothyroidism (9). Age can
also influence GA levels, whereas the effect of gender is
not clear (15). Children show higher GA than adults and
among adults at older ages, particularly for men, GA seems
to be higher (8). In non-diabetic ESRD patients, GA values
were influenced by age and nutritional status independent
of glycaemia (23). It is well known that there are ethnic
differences in HbAlc levels. However, information about
the ethnic influence on GA levels is scarce since the
majority of studies were carried out in Asian (18).

Several studies showed that glycaemic control, measured
by HbAlc or GA, is an independent predictor of clinical
outcome and mortality in people with DM (24-29) and
targeting lower glycaemic levels has been proven to reduce
risks of microvascular DM complications and, in some
studies, also macrovascular DM complications (30-34).
All these situations must be considered when interpreting
markers of glycaemia results.

Review search strategy

This is a scoping review with a systematic search of
literature. We searched PubMed (MEDLINE) for reports
published up to May 2021 using the search terms related to
DM, GA and renal disease combined. Details of all search
terms are presented in Table S1. From the papers retrieved,
a manual search of their references was conducted.
Duplicate were removed and the remaining reports were
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assessed for eligibility, regardless of the language.

Selection criteria

Inclusion criteria were: (I) cross-sectional or cohort
studies that assessed the GA as glycaemic marker in
patients with diabetes with renal disease; (II) studies that
analysed specifically GA by enzymatic assays. Exclusion
criteria were: (I) study that was not performed in patients
with diabetes with renal disease; (II) review articles; (III)
editorial/comments/letters/case reports; (IV) basic research
articles; (V) drug clinical trial reports. Two independent
reviewers (FCC and JLC) decided for studies inclusion
based upon eligibility criteria. First, we screened the titles
of all search results to identify potentially relevant articles.
Next, we reviewed the abstracts of these studies to define
their relevance, and once judged to be relevant, reviewed
the full text of the studies. Finally, we analysed each article,
ascertained whether the article was qualified for inclusion
and performed findings summary from all included reports.
Any disagreements concerning study eligibility or data
interpretation were resolved through discussion between

reviewers.

Study characteristics

The search strategy identified 311 records, of which
119 were assessed for eligibility. We then excluded 58 papers
(27 did not meet the research question; 9 were editorial,
comment, letter, case report or book chapter; 8 were drugs
clinical trial reports; 5 were basic research studies; 4 were
not available in full text, 2 presented missing data and
3 was duplicate). Sixty-one studies met our inclusion
criteria and were included in the qualitative synthesis
of this review. These studies were related to glycaemic
control (35-59), outcomes in patients with diabetes in
dialysis (60-75), outcomes in patients with diabetes without
overt renal disease (54,58,76-89), technical aspects of GA
measurement (12), interfering factors in GA analysis (20-23)
and diabetes mellitus post-transplant (DMPT) (90). The
search strategy is depicted in Figure 1 and Table 1.

GA and glycaemic control in patients with DM
and CKD

The goals and plans of treatment for DM are to prevent
or delay complications and optimize quality of life, and in
CKD patients are not different. Several studies showed that

F Lab Precis Med 2022;7:12 | https://dx.doi.org/10.21037/jlpm-22-2


https://cdn.amegroups.cn/static/public/JLPM-2021-DKD-03-Supplementary.pdf

Journal of Laboratory and Precision Medicine, 2022

Page 4 of 17

'5 Records identiied through Additional records identified
g database searching through other sources (n=1)
£ (Mediine n=310) 9 -
<

Q

he}

Y \

Records after duplicates removed (n=309)*

g ¥

o Records screened o | Records excluded after title/abstract review

3 (n=309) - (n=190)
—_— i
— Full-text articles assessed for _ | Full-text articles excluded (n=58):

eligibility (n=119) “| * Do not meet the research question (n=27)

2 e Editorial/comment/letter/case report/

% ¢ book chapter (n=9)

] Studies included in qualitative ° Cl|n!cal trial (n=8)

synthesis (n=61) . Ba.15|c research (n=5)
) o Without full text (n=4)
* Missing data (n=2)
¥ ¢ Duplicate (n=3)

o

- ® Glycaemic control (n=27)**

.% e Qutcomes (n=30)**

% e Technical (n=1)**

£ * DMPT (n=1)**

e Interfering factors (n=4)*

—_—

Figure 1 Flowchart of the article selection process. *, removing the 2 duplicates; **, some articles reported findings related to more than

one topic and were included in more than one topic accordingly. DMPT, diabetes mellitus post-transplant.

Table 1 The search strategy summary

Specification

ltems
Date of search (specified to date, month and year) 21° May 2021
Databases and other sources searched PubMed (MEDLINE)

Diabetes mellitus, glycated albumin, and renal disease combined

Search terms used (including MeSH and free text search
(see Table S1 for details)

terms and filters)

Timeframe Reports published up to May 2021

Inclusion criteria: (l) cross-sectional or cohort studies that assessed the GA
as glycaemic marker in patients with diabetes with renal disease; (ll) studies
that analysed specifically GA by enzymatic assays

Inclusion and exclusion criteria (study type, language
restrictions etc.)

Exclusion criteria: (I) study that was not performed in patients with diabetes
with renal disease; (Il) review articles; (lll) editorial/comments/letters/case
reports; (V) basic research articles; (V) drug clinical trial reports

Two independent reviewers (FCC and JLC) decided for studies inclusion
based upon eligibility criteria. Any disagreements concerning study eligibility
or data interpretation were resolved through discussion between reviewers

Selection process (who conducted the selection, whether
it was conducted independently, how consensus was
obtained, etc.)

GA, glycated albumin.

essential for people with DM and CKD. However, CKD
alters glycaemic control, the results of the HbAlc test, and
the excretion of antidiabetic medications. The effects of

glycaemic control is an independent predictor of clinical
outcome and mortality in people with DM and CKD (24-29).
Thus, maintaining blood glucose at recommended levels is
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CKD and dialysis can make blood glucose levels fluctuate
widely, placing patients at risk of hypoglycaemia.

Self-monitoring of blood glucose (SMBG), continuous
glucose monitoring (CGM), and HbAlc measurement are
recommended for people with diabetes without ESRD by
international guideline (1). For daily glycaemic monitoring,
CGM and SMBG are frequently used but they are relatively
high-cost options to assess real-time blood glucose. For
these reasons, CGM and SMBG, even for people with
DM and CKD, are not yet widely used but recommended
to improve glycaemic control when anti-hyperglycaemic
therapies are associated with the risk of hypoglycaemia
(such as insulin) are used (2). In accordance with the
recommendations of the Kidney Disease Improving Global
Outcomes (KDIGO) (2) glycaemic control in patients with
DM and CKD should be based on HbAlc measurements.
This recommendation is motivated by the fact that in
randomized control trials, targeting lower HbAlc values
has been proven to reduce risks of microvascular DM
complications and, in some studies, also macrovascular
DM complications (i.e., cardiovascular events) (30-34)
However, in people with DM and CKD HbAlc results may
be affected by several factors (2,3). Thus, mainly in ESRD,
HbAlc levels should be interpreted with caution (2) and
there is an interest in an alternative marker to HbAlc. GA
has been proposed as a candidate for alternative long-term
glycaemic monitoring (6).

From our initial literature search 26 studies that
evaluated the correlations of GA and HbAlc with blood
glucose measures among patients with CKD and/or HD
were selected and included in this section of our review
(35-52,54-60). One additional study (53) with the same
objective was identified during review of these studies.
Table 2 shows the main characteristics and findings of these
studies. The majority of studies reported that GA correlates
with HbAlc in patients with CKD, including patients on
dialysis (36-38,47,50,51,53,54,57). The association of GA
and HbAlc with measures of glycaemia [fasting plasma
glucose (FPG), random plasma glucose, or average blood
glucose by SMBG or CGM] is similar and suggest that GA
may be a useful substitute for HbAlc or as a complement
for monitoring glucose control. However, the associations
presented inconsistencies and varied widely from strong to
none association. Some studies found that the correlation of
GA with blood glucose was stronger than the correlation of
HbAIlc with blood glucose (35,36,39,41,42,46,48,49,53-57).
Nevertheless, other studies reported worse correlations
of GA with glycaemia than correlations of HbAlc with
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glycaemia (37,38,40,43-45,47,50-52,59,60). The study of
Yajima ez al. (55) included only patients on peritoneal
dialysis and reported no correlation between CGM and
GA (45), while another study found no correlation in a
group of patients on HD for a period of less than 6 months.

Considering the inconsistency of findings in available
observational studies, the lack of clinical trials based on
GA in patients with CKD, and GA is not readily available
for use, it might be inappropriate to dispense HbAlc in
favour of GA. Besides, the results regarding the influence
of stage of CKD on the association of GA with glycaemia
also varied, although most studies report no influence, other
studies report the influence of CKD severity, including
those treated by dialysis (46,47,52,55,57,58). Furthermore,
GA to monitor glycaemic control in patients with CKD
should be interpreted with caution, since those patients
may present diminished serum albumin due to massive
proteinuria, malnutrition, or peritoneal dialysis. Studies
in patients with CKD found that GA was correlated
with albumin, and the GA level can be falsely low in
hypoalbuminemia (36,41,47,48). Therefore, some studies to
overcome this inaccuracy suggested serum albumin-adjusted
GA. In these studies, serum albumin-adjusted GA was
not affected by protein loss or renal anaemia, represented
glycaemic excursion and glycaemic control better than
GA alone or HbAlc in patients with CKD (48,55,89).
Considering the limited data concerning serum albumin-
adjusted GA, future studies about glycaemic control in
patients with CKD should explore and validate this new
parameter.

GA and outcomes

Chronic hyperglycaemia is the main cause of diabetes
complications and glycaemic control is essential to
diabetes management (1). It is very well stablished by
large prospective randomized controlled trials that
good glycaemic control is associated with reduction
of development and progression of retinopathy,
neuropathy, and diabetic kidney disease, common diabetes
complications, both in type 1 and type 2 DM. Traditionally,
HbA1lc is the marker of choice to measure glycaemic
control, therefore reduction in HbAlc levels are associated
with reduction in rates of development and progression of
complications (1).

Since the early 2000%, when GA test became available (11),
several studies analysed the association of GA levels and
diabetes complications. Recently, a meta-analysis (91) that
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included 25,932 patients with diabetes undergoing dialysis
from 12 studies, with follow-up up to 11 years, showed
that higher GA levels were associated with the risk of all-
cause mortality in dialysis patients with DM regardless of
the type of dialysis, whereas higher GA was not associated
with cardiovascular mortality. However, these results
were modest and showed a small effect size. The studies
included in this meta-analysis were very heterogeneous.
The authors related limitations to their study such as the
presence of many CKD-related variables that may affect
GA levels, lack of randomized controlled trials, inclusion
of small observational and cross-sectional studies and that
most studies were carried out in Asian countries. All these
factors would difficult the applicability of the results to all
populations (91).

In this review, our systematic search identified 30 articles
that evaluated the association of GA with DM complications
in patients with dialysis treatment (54,58,61-75) and without
dialysis treatment (76-89). Most of these studies were carried
out in Asian countries (54,58,76,77,80-87) and only two
studies were conducted by American centres (78,79).

Fifteen studies analysed the association of GA with
complications in patients with diabetes undergoing dialysis
treatment (54,58,61-75). The characteristics and main
findings of these reports are described in 7able 3. The
majority of these studies reported the relationship of GA
levels with mortality and showed that higher GA levels are
related to higher risk for all-cause mortality and also for
cardiovascular disease (CVD) mortality in patients with
diabetes under dialysis treatment (61,62,65,67-75). The
degree of these interactions varied from weak to modest
in all studies. Twelve of these studies were included in
the recent meta-analysis by Copur et /. (91). Kumeda
et al. showed that increased GA values were associated
with increased arterial stiffening (63) and Yamada et al.
reported that GA values were associated with the presence
of peripheral vascular calcification (64). Murea ez al. reported
that improved glycaemic control based on GA predicted
cardiovascular-related hospitalizations and hospital length of
stay in patients with diabetes on HD treatment (66). Most of
these studies were carried out in Japan (61-64,68,70,72-75), 3
in American centres (65-67), one in Taiwan (69) and one in
Germany (71).

Table 4 shows the main characteristics and findings
of 15 studies reporting the association of GA and DRD,
retinopathy or CVD in patients with diabetes without
dialysis treatment (76-89).

Two studies reported a positive association of GA with

© Journal of Laboratory and Precision Medicine. All rights reserved.
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urinary N-acetyl-B-D-glucosaminidase (uNAG), an early
marker of renal tubulopathy, in patients with type 1 (84) and
type 2 (85) DM, with early DRD. Some longitudinal studies
evaluated prospectively or retrospectively the association of
GA with DRD and all showed that AG levels are associated
with an increased risk of development and/or progression of
DRD in type 1 and type 2 DM patients (79-82). Selvin ez al.
also showed that GA was strongly associated with prevalent
retinopathy at high GA levels in patients with DM (79) and
other study reported that the variability in GA levels rather
than GA levels was associated with the development and
progression of DRD (82). In general, observational studies
reported the same relationship between GA and microvascular
complications (54,58,76-78,83). In type 1 DM, both HbAlc
and GA were similarly associated with microvascular
complications (78). And in type 2 DM, studies showed that
GA levels are associated with microalbuminuria, degree of
renal dysfunction and in the prediction of DRD presence
(54,58,76,77). However, Umayahara er al. reported that
GA/HbAlc ratio was associated with diabetic retinopathy,
but not with DRD (83). Very few studies evaluated the
association of GA and CVD (78,80,86). GA levels were
not associated with cardiovascular complications (78),
and also were not associated with carotid artery
atherosclerosis in type 1 DM patients (80). Although,
Vijayaraghavan et al. reported that GA levels increase
when the ejection fraction decreases and moreover it also
increases based on the number of vessels obstructed (86).

Most of these studies were carried out in Asian countries
(76,77,80-86). Only two studies were conducted by
American centres (78,79).

Finally, Abe ez al. (87) investigated the rate of ‘burnt-out
diabetes’ condition in DM patients on peritoneal dialysis
and reported that the rate was significantly decreased
when taking the upper limit of GA values in the general
population (16%) into account. Parrinello ez 4/. (88) analysed
the association of HbAlc, GA and other biomarkers with
incident CVD, incident ESRD, and prevalent retinopathy
in a large cohort of White and Blacks participants, with and
without DM. They found that the prognostic value of GA,
HbAlc and other biomarkers were similar by race with all
DM long-term complications studied.

GA and post-transplantation diabetes mellitus
(PTDM)

A specific type of DM that may occur after kidney
transplantation is known as renal PTDM (1). Its development
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Table 3 Summary of studies reporting the association of GA and outcomes in patients with diabetes undergoing dialysis treatment

Author, year
publication

Study location

Main findings

Okada T, 2007*

Fukuoka K, 2008"

Kumeda Y, 2008

Yamada S, 2008

Freedman BI, 2011*

Murea M, 2012*

Shafi T, 2013

Isshiki K, 2014*

Lu CL, 2016"

Yajima T, 2016

Japan

Japan

Japan

Japan

USA

USA

USA

Japan

Taiwan

Japan

Type of study Sample size (N)
Observational. Follow- 78 DM2
up: mean 35.0 months
(2-48 months)

Observational. Follow- 98 DM
up: mean 47.7 months

(0-10 years)

Cross-sectional case- 134 DM2;

control 158 without DM
Cross-sectional 49 DM2
Observational 444 DM
Follow-up: median

27.2 months

(0.56-27.8 months)

Observational. 444 DM
Follow-up: 2.33 years

Prospective cohort. 287 DM;

Follow-up: median of 216 without DM

3.5 years

Observational. Follow- 90 DM2
up: median 36.0 months

(3-36 months)

Observational. Follow- 94 DM;

up: median 51.0 months 82 without DM

(2-61.8 months)

Observational. 78 DM2
Follow-up: median

36.0 months

GA levels, at initiation of dialysis or on chronic
dialysis, did not predicted mortality. Poor
glycaemic control, identified by high GA
levels (=23.0%), showed association with

the development of CVD (HR: 3.25; 95% Cl:
1.04-10.19; P=0.04)

The cumulative survival rate of GA <29% group
was significantly higher than GA =29% group
(P=0.034; log-rank test). After adjustment,

High GA (GA =29%) was a significant predictor
of survival (HR: 1.042 per 1.0% increment

of GA; 95% CI: 1.014-1.070; P<0.05), and
cardiovascular death (HR: 2.971; 95% CI:
1.064-8.298; P=0.038)

In diabetic patients increased GA values were
associated with increased arterial stiffening

GA and HD duration were significantly
associated with the presence of peripheral
vascular calcification. When GA was replaced
by HbA1c in the same model, HbA1c failed to
show a significant association

GA accurately predicts the risk of death and
hospitalizations in patients with DM and ESRD

Improved glycaemic control based on

GA predicted cardiovascular-related
hospitalizations (HR: 1.32; 95% CI: 1.11-1.57;
P=0.002 at 17 days; HR: 1.21; P=0.02 at 30
days), and also predicted hospital length of stay
(HR: 1.18; 95% CI: 1.01-1.39; P=0.03)

GA was associated with all-cause mortality

(adjusted HR per doubling of the biomarker

1.40; 95% CI: 1.09-1.80; P=0.008), and with
CVD mortality (HR: 1.55; 95% CI: 1.09-2.21;
P=0.02)

GA predicted mortality (HR: 1.143 per 1%
increase in GA; 95% CI: 1.011-1.292; P=0.033).
The cumulative survival rate was significantly
greater in patients with GA <25%

GA level was a strong predictor of the risk

of death in patients with and without DM
undergoing HD. The risk of mortality increased
by 3.3% for each 1% rise in GA in all patients

Serum albumin adjusted GA >21.2% was an
independent predictor for mortality (HR: 3.76;
95% ClI: 1.12-17.44; P=0.031)

Table 3 (continued)
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Table 3 (continued)

Author, year

publication Study location Type of study Sample size (N) Main findings

Chen CW, 2017* Germany Retrospective study 1,053 DM High GA levels in the baseline (fourth quartile
nested to a multicentre GA >21%) had a 42% higher 4-year mortality
clinical trial. Follow up: compared to those in the first quartile (HR: 1.42;
mean 3.9 years 95% CI: 1.09-1.85; P=0.009)

Hoshino J, 2018+ Japan Retrospective 22,441 DM GA showed a linear association with 1-year
multicentre study. mortality, with the lowest mortality at GA
Follow up: 1 year 15.6-18.2%

Abe M, 2019* Japan Retrospective 725 DM GA >20.0% was significantly associated with a
multicentre study. higher mortality in diabetic patients in peritoneal
Follow up: 2 years dialysis

Miyabe M, 2019 Japan Retrospective case-control. 44 DM in PD; Higher GA levels (GA >18.0%) indicated
Follow up: 3 years 88 DM in HD significantly elevated risk for all-cause mortality

Hoshino J, 2020** Japan Retrospective 40,417 DM In patients with GA =18% there was a linear
multicentre study. association between GA levels and 3-year
Follow up: 3 years mortality

#, studies included in the meta-analysis by Copur S, 2021; *, these studies evaluated the same cohort of patients; **, these studies
evaluated the same cohort of patients in the first year of follow-up. GA, glycated albumin; DM2, diabetes mellitus type 2; DM, diabetes
mellitus; PD, peritoneal dialysis; HD, haemodialysis; CVD, cardiovascular disease; HR, hazard ratio; Cl, confidence interval; HbA1c,
glycated haemoglobin; ESRD, end-stage renal disease.

Table 4 Summary of studies reporting the association of GA and renal diabetes disease, retinopathy or CVD in patients with diabetes without
dialysis treatment

Author, year publication Study location Type of study Sample size (n) Main findings

Ma WY, 2011 Taiwan Cross-sectional 67 DM; Increased GA concentrations were independently
120 without DM associated with renal dysfunction only in non-
diabetic patients with CKD

Kondaveeti SB, 2013 Indian Case-control 150 DM2 The risk of microalbuminuria (high urinary albumin
levels) increased with a poor glycaemic control
measured by GA

Nathan DM, 2014 USA Case-control 497 DMA1 Both HbA1c and GA were similarly associated with
nested to microvascular complications, but only HbA1c was
multicentre associated with the cardiovascular complications
cohort
Selvin E, 2014 USA Prospective 958 DMV; GA was associated with a significantly increased
cohort. Follow 11,348 without risk of incident CKD. People without a history
up: 20 years DM of diagnosed DM but with GA >15.2% (95th

percentile) had raised risks of developing CKD
(HR: 1.48; 95% CI: 1.20-1.83; P<0.001) compared
with participants without DM and GA values

below the 75th percentile. In people with DM the
associations persisted statistically significant even
after adjustments for traditional risk factors and for
HbA1c and fasting glucose. Also, GA was strongly
associated with prevalent retinopathy with OR
>30.0 at high values of GA in patients with DM

Table 4 (continued)
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Table 4 (continued)
Author, year publication Study location Type of study Sample size (n) Main findings
Yoon HJ, 2015 Korea Retrospective 154 DM1 GA levels were significantly associated with
longitudinal. progression of DKD (OR: 2.03; 95% ClI: 1.27-3.26;
Follow up: P=0.003) but not with CAA. HbA1c levels were not
mean 2.8 years associated with either DKD or CAA
Jun JE, 2017 Korea Retrospective 449 DM2 GA was significantly associated with higher risk of
longitudinal. early DKD development, independently of HbA1c,
Follow up: and a better predictor of early DKD. Baseline and
1 year 1-year GA levels were stronger predictors of DKD
development than baseline HbA1c levels
Park SB, 2017 Korea Retrospective 369 DM2 The variability in GA levels, indicated by the
longitudinal. coefficient of variation of GA during the follow-
Follow up: up, was independently associated with the
33 months development and progression of DKD in patients
(12-46 months) with relatively well controlled DM2 (HbA1c <7.2%)
but not in patients with relatively uncontrolled DM2
Umayahara Y, 2017 Japan Cross-sectional 613 DM2 GA/HbA1c ratio was associated with diabetic
retinopathy, but not with diabetic nephropathy in
patients without overt proteinuria, reduced renal
function or anaemia
Wang N, 2017 China Case-control 206 DM2 GA was associated with DKD (OR: 2.71; 95%
Cl: 1.15-4.01; P=0.019) but not HbA1c. Also, GA
showed better performance for the prediction of
DKD presence (AUC: 0.811; 95% CI: 0.752-0.869;
P=0.005) than HbA1c (AUC: 0.580; 95% CI: 0.499-
0.662; P=0.058). GA cut-off of 17.5% presented
sensitivity of 0.761 and specificity of 0.644 for the
diagnosis of DKD
Hong N 2018 Korea Retrospective 204 DM1 Elevated uNAG was associated with high GA/
cross-sectional HbA1c ratio in patients with DM1 with early stage
of DKD, independent of age and albuminuria
Huh JH, 2018 Korea Multicentre 1,061 DM2 with GA was a good predictor of renal tubulopathy,
retrospective normoalbuminuria  indicated by uNAG abnormality, in patients with
cross-sectional and normal eGFR ~ DM2 without overt DKD, regardless of HbA1c level
or other conventional risk factors (AUC: 0.634;
95% Cl: 0.646-0.899; P<0.001)
Raghav A, 2018 India Case-control 355 DM2; GA levels were more closely associated with the
100 without DM degree of DKD after stratification by CKD status
than HbA1c levels
Vijayaraghavan B, 2020 India Cross-sectional 194 DM GA levels increased when the ejection fraction

decreases and also it increases based on the
number of vessels obstructed

GA, glycated albumin; CVD, cardiovascular disease; DM, diabetes mellitus; DM1, diabetes mellitus type 1; DM2, diabetes mellitus type 2;
eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; HbA1c, glycated haemoglobin; HR, hazard ratio; Cl, confidence
interval; OR, odds ratio; CAA, carotid artery atherosclerosis; DKD, diabetes kidney disease; AUC, area under the curve; uNAG, urinary

N-acetyl-p-D-glucosaminidase.

© Journal of Laboratory and Precision Medicine. All rights reserved.

F Lab Precis Med 2022;7:12 | https://dx.doi.org/10.21037/jlpm-22-2



Page 12 of 17

is associated with the use of immunosuppressive therapy,
such as calcineurin inhibitors and corticosteroids. Only one
study has specifically evaluated the accuracy of GA in the
diagnosis of renal PTDM (90), but data is lacking about the
performance of GA in the monitoring of DM in patients
who underwent kidney transplantation. Estimated incidence
of renal PTDM during the first year after transplant is
about 20% (92). Studies have shown that the occurrence of
PTDM increases the risk for CVD and mortality in kidney
transplant recipients (93). The recommended test to detect
this condition is oral glucose tolerance test (OGTT), once
it has presented higher sensitivity to identify patients with
PTDM during the first year after transplant when compared
to FPG and HbAlc (1) Due to the inconvenience and high
cost of performing an OGT'T in all transplanted patients
in the clinical setting, the use of FPG is highly spread.
However, other diagnostic alternatives have also been
accessed. The use of HbAlc alone in the first months after
transplant has shown not to be adequate for the screening
of PTDM, because it has presented low sensitivity and a
great number of positive cases would be missed (94). In a
cross-sectional study performed at the fourth month post-
transplant (90), GA showed moderate diagnostic accuracy
for renal PTDM when compared to OGTT and/or HbAlc
as diagnostic criteria. The use of a single GA cut-point
was not enough to properly screen and diagnose PTDM
however GA >17% presented high specificity to rule in the
disease. Nevertheless, this study did not show that GA was
superior to HbAlc to detect PTDM in the initial months
after kidney transplantation (90). There is still a gap in the
literature regarding the association between GA levels and
the development of adverse clinical outcomes in patients
who develop PTDM after kidney transplantation or who
had pre-existing DM.

Conclusions

GA, a short-term glycemic marker, has been pointed as
an alternative test to HbA1C in patients with DM. It
is indicated in clinical situations where HbAlc is not a
reliable marker due to situations which may interference
with the metabolism of hemoglobin. Also, it is especially
indicated for patients on hemodialysis since its levels
are not affected by the presence of anemia, uremia or
hemolytic processes. In early 2000’s, a new enzymatic
method to measure GA was described and showed to be
simple, rapid, accurate and easily automatized. In the last
years, many studies have evaluated the role of GA in the

© Journal of Laboratory and Precision Medicine. All rights reserved.
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monitoring of DM. This review summarized the main
findings of these studies.

Data from observational studies showed that the
association of GA and HbAlc with measures of glycaemia
is similar supporting that GA may be a substitute for
HbA1lc. Several studies showed that higher GA levels
were associated with the risk of all-cause mortality in
dialysis patients with DM regardless of the type of dialysis,
whereas higher GA was not associated with cardiovascular
mortality. These interactions varied from weak to modest
in all studies. Other studies reported the association of
GA and DRD, retinopathy or CVD in patients with
diabetes without dialysis treatment. In patients with
early nephropathy, several studies reported positive
association between GA and microvascular complications
although very few showed association of GA and DCV.
The majority of these studies were carried out in Asian
populations and the applicability of these results to all
populations may not be straight forward. In addition,
there is a lack of clinical trials and prospective studies that
analysed GA in DM patients with and without CKD and
these studies are warranted.

Although evidences show that GA may be a useful
glycemic marker and prognostic factor in patients with
CKD it should be used with caution in situations that
its levels may be falsely altered as in the presence of
massive proteinuria with low serum albumin. It should be
highlighted that the choice of which test to use must be
guided by the clinical patient features and accessibility to
tests. Further, it is necessary an international consensus
about laboratory issues and clinical use of GA, to guarantee
its inclusion in the routine of clinical laboratory worldwide,
thus improving the future controlling of DM patients.

In conclusion, GA is a promisor biomarker for the
management of DM patients with and without CKD.
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Supplementary

Table S1 Search details of all terms

Database

Search query with translations of keywords

Search results

PubMed

((((“glycosylI”[All Fields] OR “glycosylate”[All Fields] OR “glycosylated”[All Fields] OR “glycosylates”[All Fields] OR “glycosylating”[All Fields] OR “glycosylation”[MeSH Terms]
OR “glycosylation”[All Fields] OR “glycosylations”[All Fields] OR “glycosylic”[All Fields] OR “glycosyls”[All Fields]) AND “serum albumin”[MeSH Terms]) OR “glycosylated
serum albumin”[Text Word] OR “glycosyl-albumin”[Text Word] OR “glycated albumin”[Text Word] OR “glycoalbumin”[Text Word] OR “glucosylated albumin”[Text Word])
AND (“renal insufficiency, chronic’[MeSH Terms] OR “chronic renal insufficiencies”[Text Word] OR ((“renal insufficiency”[MeSH Terms] OR (“Renal”[All Fields] AND
“Insufficiency”[All Fields]) OR “renal insufficiency”[All Fields] OR (“Renal”[All Fields] AND “Insufficiencies”[All Fields]) OR “renal insufficiencies”[All Fields]) AND “Chronic”[Text
Word]) OR “chronic renal insufficiency”[Text Word] OR “kidney insufficiency chronic”[Text Word] OR “chronic kidney insufficiency”[Text Word] OR ((“Chronic”[All Fields]
OR “chronical”[All Fields] OR “chronically”[All Fields] OR “chronicities”[All Fields] OR “chronicity”[All Fields] OR “chronicization”[All Fields] OR “chronics”[All Fields]) AND
“kidney insufficiencies”[Text Word]) OR ((“renal insufficiency”[MeSH Terms] OR (“Renal”[All Fields] AND “Insufficiency”[All Fields]) OR “renal insufficiency”[All Fields] OR
(“Kidney”[All Fields] AND “Insufficiencies”[All Fields]) OR “kidney insufficiencies”[All Fields]) AND “Chronic”[Text Word]) OR “chronic kidney diseases”[Text Word] OR “chronic
kidney disease”[Text Word] OR “disease chronic kidney”[Text Word] OR “diseases chronic kidney”[Text Word] OR “kidney disease chronic”[Text Word] OR “kidney diseases
chronic”[Text Word] OR “chronic renal diseases”[Text Word] OR “chronic renal disease”[Text Word] OR “disease chronic renal”’[Text Word] OR “diseases chronic renal”[Text
Word] OR “renal disease chronic”[Text Word] OR “renal diseases chronic”[Text Word])) OR ((((“glycosy!”[All Fields] OR “glycosylate”[All Fields] OR “glycosylated”[All Fields]
OR “glycosylates”[All Fields] OR “glycosylating”[All Fields] OR “glycosylation”’[MeSH Terms] OR “glycosylation”[All Fields] OR “glycosylations”[All Fields] OR “glycosylic”[All
Fields] OR “glycosyls”[All Fields]) AND “serum albumin”’[MeSH Terms]) OR “glycosylated serum albumin”[Text Word] OR “glycosyl-albumin”[Text Word] OR “glycated
albumin”[Text Word] OR “glycoalbumin”[Text Word] OR “glucosylated albumin”[Text Word]) AND (“kidney failure, chronic”[MeSH Terms] OR “end stage kidney disease”[Text
Word] OR “disease end stage kidney”[Text Word] OR “end stage kidney disease”[Text Word] OR “kidney disease end stage”[Text Word] OR “chronic kidney failure”[Text
Word] OR “end stage renal disease”[Text Word] OR “disease end stage renal”[Text Word] OR “end stage renal disease”[Text Word] OR “renal disease end stage”[Text Word]
OR “renal disease end stage”[Text Word] OR “renal failure end stage”[Text Word] OR “end stage renal failure”[Text Word] OR “renal failure end stage”[Text Word] OR “renal
failure chronic”[Text Word] OR “chronic renal failure”[Text Word] OR “ESRD”[Text Word])) OR ((((“glycosy!”[All Fields] OR “glycosylate”[All Fields] OR “glycosylated”[All
Fields] OR “glycosylates”[All Fields] OR “glycosylating”[All Fields] OR “glycosylation”[MeSH Terms] OR “glycosylation”[All Fields] OR “glycosylations”[All Fields] OR
“glycosylic”[All Fields] OR “glycosyls”[All Fields]) AND “serum albumin”[MeSH Terms]) OR “glycosylated serum albumin”[Text Word] OR “glycosyl-albumin”[Text Word] OR
“glycated albumin”[Text Word] OR “glycoalbumin”[Text Word] OR “glucosylated albumin”[Text Word]) AND (“diabetic nephropathies”[MeSH Terms] OR “nephropathies
diabetic”[Text Word] OR “nephropathy diabetic”[Text Word] OR “diabetic nephropathy”[Text Word] OR “diabetic kidney disease”[Text Word] OR “diabetic kidney
diseases”[Text Word] OR “kidney disease diabetic”[Text Word] OR “kidney diseases diabetic”[Text Word] OR “diabetic glomerulosclerosis”[Text Word] OR “glomerulosclerosis
diabetic”[Text Word] OR “intracapillary glomerulosclerosis”[Text Word] OR “nodular glomerulosclerosis”[Text Word] OR “glomerulosclerosis nodular”’[Text Word] OR
“kimmelstiel wilson syndrome”[Text Word] OR “kimmelstiel wilson syndrome”[Text Word] OR ((“syndrom”[All Fields] OR “syndromal”[All Fields] OR “syndromally”[All
Fields] OR “Syndrome”[MeSH Terms] OR “Syndrome”[All Fields] OR “syndromes”[All Fields] OR “syndrome s”[All Fields] OR “syndromic”[All Fields] OR “syndroms”[All
Fields]) AND “Kimmelstiel-Wilson”[Text Word]) OR “kimmelstiel wilson disease”[Text Word] OR “kimmelstiel wilson disease”[Text Word])) OR ((((“glycosy!”[All Fields] OR
“glycosylate”[All Fields] OR “glycosylated”[All Fields] OR “glycosylates”[All Fields] OR “glycosylating”[All Fields] OR “glycosylation’[MeSH Terms] OR “glycosylation”[All
Fields] OR “glycosylations”[All Fields] OR “glycosylic”[All Fields] OR “glycosyls”[All Fields]) AND “serum albumin”[MeSH Terms]) OR “glycosylated serum albumin”[Text
Word] OR “glycosyl-albumin”[Text Word] OR “glycated albumin”[Text Word] OR “glycoalbumin”[Text Word] OR “glucosylated albumin”[Text Word]) AND ((((“diabetes
mellitus”[MeSH Terms] OR (“Diabetes”[All Fields] AND “Mellitus”[All Fields]) OR “diabetes mellitus”[All Fields]) AND “After”[All Fields] AND (“Solid”[All Fields] OR “solid
s”[All Fields] OR “solids”[All Fields])) AND “organ transplantation”[MeSH Terms]) OR ((“diabetes mellitus”’[MeSH Terms] OR (“Diabetes”[All Fields] AND “Mellitus”[All Fields])
OR “diabetes mellitus”[All Fields]) AND “after solid organ transplantation”[Text Word]) OR (“Post-Transplantation”[All Fields] AND “diabetes mellitus”[MeSH Terms]) OR
“post transplantation diabetes mellitus”[Text Word])) OR ((((“glycosyl”[All Fields] OR “glycosylate”[All Fields] OR “glycosylated”[All Fields] OR “glycosylates”[All Fields]
OR “glycosylating”[All Fields] OR “glycosylation’[MeSH Terms] OR “glycosylation”[All Fields] OR “glycosylations”[All Fields] OR “glycosylic”[All Fields] OR “glycosyls”[All
Fields]) AND “serum albumin”[MeSH Terms]) OR “glycosylated serum albumin”[Text Word] OR “glycosyl-albumin”[Text Word] OR “glycated albumin”[Text Word] OR
“glycoalbumin”[Text Word] OR “glucosylated albumin”[Text Word]) AND (“renal dialysis”[MeSH Terms] OR “renal dialyses”[Text Word] OR “dialysis renal”[Text Word]
OR “Hemodialysis”[Text Word] OR “Hemodialyses”[Text Word] OR “dialysis extracorporeal”[Text Word] OR ((“dialysance”[All Fields] OR “dialysances”[All Fields] OR
“dialysation”[All Fields] OR “dialysator”[All Fields] OR “dialysators”[All Fields] OR “dialyse”[All Fields] OR “dialysed”[All Fields] OR “dialyser”[All Fields] OR “dialysers”[All
Fields] OR “dialysing”[All Fields] OR “dialysis solutions”[Pharmacological Action] OR “dialysis solutions”[MeSH Terms] OR (“Dialysis”[All Fields] AND “solutions”[All Fields])
OR “dialysis solutions”[All Fields] OR “dialysate”[All Fields] OR “dialysates”[All Fields] OR “dialyzate”[All Fields] OR “dialyzates”[All Fields] OR “Dialysis”[MeSH Terms] OR
“Dialysis”[All Fields] OR “Dialyses”[All Fields] OR “dialyzability”[All Fields] OR “dialyzable”[All Fields] OR “dialyzation”[All Fields] OR “dialyze”[All Fields] OR “dialyzed”[All
Fields] OR “dialyzer”[All Fields] OR “dialyzer s”[All Fields] OR “dialyzers”[All Fields] OR “dialyzing”[All Fields] OR “renal dialysis”[MeSH Terms] OR (“Renal”[All Fields] AND
“Dialysis”[All Fields]) OR “renal dialysis”[All Fields]) AND “Extracorporeal”[Text Word]) OR “extracorporeal dialyses”[Text Word] OR “extracorporeal dialysis”[Text Word] OR
“dialyses peritoneal”[Text Word] OR “dialysis peritoneal”[Text Word] OR “peritoneal dialyses”[Text Word]))

Translations

glycosylated: "glycosyl”[All Fields] OR “glycosylate”[All Fields] OR “glycosylated”[All Fields] OR “glycosylates”[All Fields] OR “glycosylating”[All Fields] OR
“glycosylation”[MeSH Terms] OR “glycosylation”[All Fields] OR “glycosylations”[All Fields] OR “glycosylic”[All Fields] OR “glycosyls”[All Fields]

serum albumin[mh]: "serum albumin”[MeSH Terms]
Chronic Renal Insufficiencies[mh]: "renal insufficiency, chronic’[MeSH Terms]

Renal Insufficiencies: "renal insufficiency”[MeSH Terms] OR (“renal”[All Fields] AND “insufficiency”[All Fields]) OR “renal insufficiency”[All Fields] OR (“renal”[All Fields] AND
“insufficiencies”[All Fields]) OR “renal insufficiencies”[All Fields]

Chronic: "chronic”[All Fields] OR “chronical”[All Fields] OR “chronically”[All Fields] OR “chronicities”[All Fields] OR “chronicity”[All Fields] OR “chronicization”[All Fields] OR
“chronics”[All Fields]

Kidney Insufficiencies: "renal insufficiency”[MeSH Terms] OR (“renal”[All Fields] AND “insufficiency”[All Fields]) OR “renal insufficiency”[All Fields] OR (“kidney”[All Fields]
AND “insufficiencies”[All Fields]) OR “kidney insufficiencies”[All Fields]

glycosylated: "glycosyl”[All Fields] OR “glycosylate”[All Fields] OR “glycosylated”[All Fields] OR “glycosylates”[All Fields] OR “glycosylating”[All Fields] OR
“glycosylation”[MeSH Terms] OR “glycosylation”[All Fields] OR “glycosylations”[All Fields] OR “glycosylic”[All Fields] OR “glycosyls”[All Fields]

serum albumin[mh]: ”"serum albumin”[MeSH Terms]
Kidney Failure, Chronic[mh]: "kidney failure, chronic’[MeSH Terms]

glycosylated: "glycosyl”[All Fields] OR “glycosylate”[All Fields] OR “glycosylated”[All Fields] OR “glycosylates”[All Fields] OR “glycosylating”[All Fields] OR
“glycosylation”[MeSH Terms] OR “glycosylation”[All Fields] OR “glycosylations”[All Fields] OR “glycosylic”[All Fields] OR “glycosyls”[All Fields]

serum albumin[mh]: ”serum albumin”[MeSH Terms]
Nephropathies, Diabetic[mh]: ”diabetic nephropathies”’[MeSH Terms]

Syndrome: ”"syndrom”[All Fields] OR “syndromal”[All Fields] OR “syndromally”[All Fields] OR “syndrome”[MeSH Terms] OR “syndrome”[All Fields] OR “syndromes”[All
Fields] OR “syndrome’s”[All Fields] OR “syndromic”[All Fields] OR “syndroms”[All Fields]

glycosylated: "glycosyl”[All Fields] OR “glycosylate”[All Fields] OR “glycosylated”[All Fields] OR “glycosylates”[All Fields] OR “glycosylating”[All Fields] OR
“glycosylation”[MeSH Terms] OR “glycosylation”[All Fields] OR “glycosylations”[All Fields] OR “glycosylic”[All Fields] OR “glycosyls”[All Fields]

serum albumin[mh]: ”"serum albumin”[MeSH Terms]

Diabetes Mellitus: "diabetes mellitus”[MeSH Terms] OR (“diabetes”[All Fields] AND “mellitus”[All Fields]) OR “diabetes mellitus”[All Fields]
Solid: ”solid”[All Fields] OR “solid’s”[All Fields] OR “solids”[All Fields]

Organ Transplantation[mh]: “organ transplantation”[MeSH Terms]

Diabetes Mellitus: "diabetes mellitus”[MeSH Terms] OR (“diabetes”[All Fields] AND “mellitus”[All Fields]) OR “diabetes mellitus”[All Fields]
Diabetes Mellitus[mh]: “diabetes mellitus”[MeSH Terms]

glycosylated: "glycosyl”[All Fields] OR “glycosylate”[All Fields] OR “glycosylated”[All Fields] OR “glycosylates”[All Fields] OR “glycosylating”[All Fields] OR
“glycosylation”[MeSH Terms] OR “glycosylation”[All Fields] OR “glycosylations”[All Fields] OR “glycosylic”[All Fields] OR “glycosyls”[All Fields]

serum albumin[mh]: ”serum albumin”[MeSH Terms]
Dialyses, Renal[mh]: "renal dialysis”[MeSH Terms]

Dialyses: "dialysance”[All Fields] OR “dialysances”[All Fields] OR “dialysation”[All Fields] OR “dialysator”[All Fields] OR “dialysators”[All Fields] OR “dialyse”[All Fields]
OR “dialysed”[All Fields] OR “dialyser”[All Fields] OR “dialysers”[All Fields] OR “dialysing”[All Fields] OR “dialysis solutions”[Pharmacological Action] OR “dialysis
solutions”[MeSH Terms] OR (“dialysis”[All Fields] AND “solutions”[All Fields]) OR “dialysis solutions”[All Fields] OR “dialysate”[All Fields] OR “dialysates”[All Fields] OR
“dialyzate”[All Fields] OR “dialyzates”[All Fields] OR “dialysis”[MeSH Terms] OR “dialysis”[All Fields] OR “dialyses”[All Fields] OR “dialyzability”[All Fields] OR “dialyzable”[All
Fields] OR “dialyzation”[All Fields] OR “dialyze”[All Fields] OR “dialyzed”[All Fields] OR “dialyzer”[All Fields] OR “dialyzer’s”[All Fields] OR “dialyzers”[All Fields] OR
“dialyzing”[All Fields] OR “renal dialysis”[MeSH Terms] OR (“renal”[All Fields] AND “dialysis”[All Fields]) OR “renal dialysis”[All Fields]
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*, searches updated on May 05, 2021. CAA, carotid artery atherosclerosis; uNAG, urinary N-acetyl-p-D-glucosaminidase.
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