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Abstract
BACKGROUND 
Glycated albumin (GA), the non-enzymatic glycation product of albumin in 
plasma, became a glycemic marker in the beginning of the 21st century. The assay 
is not affected by hemoglobin levels and reflects the glycemic status over a shorter 
period as compared to HbA1c measurements. Thus, GA may contributes as an 
intermediate glucose index in the current diabetes mellitus (DM) diagnostic 
system.

AIM 
To search and summarize the available data on glycated albumin measurements 
required for the diagnosis of diabetes mellitus.

METHODS 
Databases, including PubMed, Embase, Web of Science, and Cochrane Central 
Register of Controlled Trials (CENTRAL), among others, were systematically 
searched. The Quality Assessment of Diagnostic Accuracy Studies-2 tool was 
applied for the assessment of quality, and the bivariate model was used to pool 
the sensitivity and specificity. The hierarchical summary receiver operator charac-
teristic curves (HSROC) model was utilized to estimate the summary receiver 
operating characteristics curve (SROC). Sensitivity analysis was performed to 
investigate the association of the study design and patient characteristics with the 
test accuracy and meta-regression to find the source of heterogeneity.

RESULTS 
Three studies regarding gestational diabetes mellitus (GDM) and a meta-analysis 
of 16 non-GDM studies, comprising a total sample size of 12876, were included in 
the work. Results reveal that the average cut-off values of GA reported for the 
diagnosis of GDM diagnosis was much lower than those for non-GDM. For non-
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GDM cases, diagnosing DM with a circulating GA cut-off of 14.0% had a 
sensitivity of 0.766 (95%CI: 0.539, 0.901), specificity of 0.687 (95%CI: 0.364, 0.894), 
and area under the curve of 0.80 (95%CI: 0.76, 0.83) for the SROC. The estimated 
SROC at different GA cut-off values for non-GDM exhibited that the average 
location parameter lambda of 16 non-GDM studies was 2.354 (95%CI: 2.002, 
2.707), and the scale parameter beta was -0.163 (95%CI: -0.614, 0.288). These non-
GDM studies with various thresholds had substantial heterogeneity, which may 
be attributed to the type of DM, age, and body mass index as possible sources.

CONCLUSION 
Glycated albumin in non-DM exhibits a moderate diagnostic accuracy. Further 
research on the diagnostic accuracy of GA for GDM and combinational measure-
ments of GA and other assays is suggested.

Key Words: Glycated albumin; Diabetes mellitus; Diagnosis; Sensitivity and Specificity; 
Systematic review; Meta-analysis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is the first systematic review and meta-analysis investigating the utility 
of glycated albumin (GA) for the diagnosis of diabetes mellitus (DM). Three studies 
regarding gestational diabetes mellitus (GDM) were included in the systematic review, 
and another 16 studies on non-GDM were included in the meta-analysis. This study 
found that the average cut-off values of GA reported for GDM diagnosis were much 
lower than those for non-GDM. The GA cut-off value of 14.0% exhibited a moderate 
diagnostic accuracy in non-GDM. GA, as the sole DM diagnostic test, should be 
interpreted with caution to assure the correct classification of diabetic individuals.

Citation: Xiong JY, Wang JM, Zhao XL, Yang C, Jiang XS, Chen YM, Chen CQ, Li ZY. 
Glycated albumin as a biomarker for diagnosis of diabetes mellitus: A systematic review and 
meta-analysis. World J Clin Cases 2021; 9(31): 9520-9534
URL: https://www.wjgnet.com/2307-8960/full/v9/i31/9520.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i31.9520

INTRODUCTION
Diabetes mellitus (DM) is considered as a group of metabolic disorders characterized 
by hyperglycemia due to impaired insulin secretion or resistance to peripheral actions 
of insulin, or both[1]. The number of DM cases was 463 million in 2019 and is 
estimated to increase to 578 million by 2030 and to 700 million by 2045. Considering its 
projected increasing rates and detrimental side effects, DM has become a concerning 
epidemic worldwide[2]. Diabetes can lead to further acute complications, including 
diabetic ketoacidosis, non-ketotic hyperosmolar coma, and other progressive long-
term complications, such as cardiovascular disease, chronic kidney failure, nerve 
damage, foot ulcers, retinopathy, and susceptibility to pathognomonic infection[3]. 
DM also causes considerable morbidity and premature mortality mainly due to the 
associated cardiovascular complications that worsen a patient’s condition[2].

Several approaches could reduce the risk of cardiovascular morbidity and mortality
[4] associated with type 2 diabetes, which include early detection, periodic screening, 
and diagnosis of DM in the early stage of the disease. Similarly, multiple assessments 
to diagnose GDM during pregnancy are made especially between 24 and 28 
gestational weeks to avoid severe maternal and fetal adverse events. Poor pregnancy 
outcomes have been reported despite the appropriate treatment, thus warranting early 
screening for GDM in these high-risk populations[5].

Glucose levels are greatly affected by diet, physical activity, mental state, illness, 
and medications. Universal methods to diagnose DM include fasting plasma glucose 
level (FPG), 2-h plasma glucose (2hPG), and random blood glucose (RBG), all of which 
reflect blood glucose at the time of blood collection. Amongst these short-term indices 
of glycaemia, 2-hour glucose levels substantially show more variability as compared 
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with FPG[6]. To improve the simple diagnosis of DM, researchers have switched focus 
to diagnoses based on levels of hemoglobin A1c (HbA1c) and other indices, which 
further reflect the glycemic control over a long period of time. Over the past decade, 
several in-depth studies on HbA1c show that glycated proteins play key role in the 
diagnosis, prognosis, and assessment of diabetic severity. According to the ADA’s 
2020 guidelines for the diagnosis of DM, 1/3 more undiagnosed diabetes cases are 
diagnosed using the HbA1c cut-point of ≥ 6.5% as compared to using glucose criteria 
alone[7].

The concordance between HbA1C and glucose-based tests is not satisfied[8]. 
Moreover, HbA1c is not a suitable method to diagnose DM when patients present with 
increased red blood cell turnover, which occurs during pregnancy (especially in the 
second and third trimesters), recent blood loss or transfusion, hemodialysis, or 
erythropoietin therapy[8]. Several studies have focused on fructosamine (FA)[9] and 
glycated albumin (GA)[10] assessment to reflect the intermediate-term glycemic 
control in patients with diabetes[11], which could be practiced when HbA1c is 
unavailable or its interpretation is problematic[12]. However, FA, an identifying 
biomarker for all glycated proteins, is strongly influenced by disorders of proteins, 
uric acid, urea, and other low-molecular-weight substances[13,14].

Glycated albumin is the non-enzymatic glycation product of albumin in the plasma 
and, thus, became a new glycemic marker in the beginning of the 21st century for the 
diagnosis of DM. While HbA1c is affected by the 12-wk lifespan of hemoglobin, the 
plasma concentration of GA is influenced by the duration of albumin, reflecting the 
average blood glucose 2-4 wk before measurements[15]. When blood glucose concen-
trations increase, approximately 4.5 times more GA is produced than HbA1c[16]; 
therefore, the concentration of GA increases faster than that of HbA1c. In previous 
works, GA was measured by chromatography, thiobarbituric acid calorimetry[17], 
immunoassays[18], electrophoretic techniques[19], label-free impedimetricimmuno 
sensor[20], and enzymatic methods[21]; however, most of these methods are laborious 
and unavailable in routine clinical laboratories. The most recently applied methods for 
the determination of GA include high-performance liquid chromatography (HPLC)
[22], immunoassays, and enzymatic methods. For instance, Kohzuma et al[23] 
developed an enzymatic assessment of GA (LucicaVR GA-L, Asahi Kasei Pharma, 
Japan) in 2011, which has been widely applied for GA estimation in Japan and other 
Asian countries. Another enzymatic method, named quantILab Glycated Albumin 
assay[24], has proven to be suitable for clinical use and is primarily available in 
Europe. Considering the absence of an international standard for GA detection, this 
study investigated the different cut-off values for the diagnoses of DM with no 
limitations.

GA has been verified for various aspects in the management of DM in clinical 
chemistry. For instance, monitoring glucose excursions specifically reflects 
postprandial[25] glucose levels and helps to guide the treatment strategies for DM
[26]. GA has been strongly correlated with the development of diabetes complications, 
especially retinopathy and nephropathy[27], and has also been proposed as a marker 
for the assessment of atherosclerosis risk and coronary artery diseases[10]. Lan et al[28] 
found that the ratio of serum glycated albumin to glycated hemoglobin (GA/HbA1c) 
potentially differentiates occult DM from fulminant type 1 diabetes. According to the 
diagnosis aspect, researches on the diagnostic value of GA in DM have mostly been 
conducted in various regions of Asia. Zhou et al[29] reported the reference value of GA 
to range 10.23-14.79% for the Chinese healthy population, which statistically differs 
according to three age groups and gender. Matsha et al[30] found that the 2.5 and 97.5 
percentiles of GA were 10.7% and 15.1%, respectively, in South Africa, and the 
reference limits of GA vary with body mass index (BMI). Bellia et al[31] evaluated 334 
Caucasians and determined that the GA presented a sensitivity and specificity of 
72.2% and 71.8%, respectively, using the quantILab glycated albumin assay. Hsu et al
[32] described a cutoff point of 14.9% GA for DM in 2192 adults in Taiwan (sensitivity: 
66.4%; specificity: 88.3%) using the Lucica GA-L kit.

Since GA assays do not require fasting blood samples[33] and are relatively cheap
[34], they can be performed on the same tube used for routine biochemical tests and 
can reduce the frequency of invasive procedures as compared to OGTT. Unlike HbA1c 
measurements, GA is not affected by hemoglobin levels and reflects the glycemic 
status over a shorter period of time. Thus, GA can contribute as an intermediate 
glucose index in the current DM diagnostic system, which has been missing.

In this study, we performed a systematic review and meta-analysis aiming to 
summarize and assess the diagnostic data to evaluate the suitability of GA in the 
diagnosis of DM.
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MATERIALS AND METHODS
This study was performed and reported according to the guidance of Preferred 
Reporting Items for Systematic Review and Meta-analysis of Diagnostic Test Accuracy 
Studies (PRISMA-DTA)[35], with PROSPERO registration number: CRD42020164315. 
The RevMan5.3 software and STATA 14.0 software were used for the assessment of 
data and statistical analyses. Two investigators independently evaluated the paper 
selection, extracted the data from published paper, and assessed the quality of the 
included studies. In case of difference of opinion, discussions were conducted among 
the entire study team to make the final decisions.

Search strategy
A comprehensive literature search was performed to assess the accuracy of GA for the 
diagnosis of DM using the following databases: PubMed, Medline, EMBASE, 
Cochrane CENTRAL, Web of Science, Chinese National Knowledge Infrastructure 
(CNKI), VIP, Chinese Medical Association (CMA), and Digital Periodicals of Wanfang. 
The reference list of selected papers was hand-searched; Clinicaltrails.gov was 
searched for unpublished research and Opengrey EU for the gray literature. Two 
extensive searches were performed, the first search on November 30, 2019 and the 
second on November 30, 2020. The search terms included “glycosylated serum 
albumin,” “diabetes mellitus,” and “diagnosis,” and the thesauruses of these 
Mesh/Emtree terms combined with Boolean rules, which are specified in different 
databases, to ensure that all the relevant literature was included. For the PubMed 
database, the following keyword combinations were used: (type 2 diabetes mellitus 
OR T2DM OR type 1 diabetes mellitus OR T1DM OR gestational diabetes mellitus OR 
GDM)[Title/Abstract] AND (Glycosylated serum albumin OR glycated 
albumin)[Title/Abstract] AND (Diagnosis OR screening OR Diagnostic accuracy OR 
Sensitivity OR Specificity[Title/Abstract]) (Supplementary material).

Selection criteria and data extraction
The retrieved articles were dentified and initially screened by their titles and abstracts 
to include the relevant works and exclude the irrelevant studies. Full-text articles were 
then searched to select the possible inclusion pieces of literature, according to the 
inclusion criteria as mentioned below.

The criteria for the searched studies considered: (1) Population inclusion, specifi-
cally asymptomatic outpatients who were undergoing a health examination, 
participants from a certain community, or individuals who are at high risk of DM; (2) 
Ulimited testing method of GA; (3) Oal glucose tolerance test (OGTT), including FPG, 
2hPG, and/or HbA1c -as reference standards; and (4) Coss-sectional surveys and 
cohort studies.

The population exclusion criteria included individuals with leukocythemia, 
therioma, thyroid diseases, abnormal liver and kidney function, acute infection, and 
severe cardiovascular diseases. Case reports, review studies, and case-control studies, 
which compared the test results in ‘case’ with the severe disease to those in healthy 
‘controls,’ were excluded from this study.

Articles published in English or Chinese were searched and were excluded if they 
did not provide sufficient data, such as TP (true positive), FP (false positive), TN (true 
negative), and FN (false negative), levels of sensitivity, specificity, and positive and 
negative predictive values to construct the 2 × 2 contingency table. We collected the 
following information from each study: General information (author, publication year, 
geographic region, mean age, and BMI of the population involved), sample size, study 
design, type of assay to measure GA, the cut-off value of GA for diagnosis of DM, and 
the test and diagnostic data mentioned above.

Quality assessment 
Quality assessment was conducted by applying Quality Assessment of Diagnostic 
Accuracy Studies[36] which contains four domains, i.e., patient selection, index test, 
reference standard, and flow and timing domains. If a study was judged as “high” or 
“unclear” in one or more domains, then it was deemed “at risk of bias” or as having 
“concerns regarding applicability.” Tabular and graphic displays were generated with 
RevMan5.3 software to summarize the QUADAS-2 assessments.

Statistical analysis
The diagnostic accuracy was estimated by a summary point using a bivariate model 
for studies with a common threshold and by an SROC curve using HSROC model to 

https://f6publishing.blob.core.windows.net/b0a2ec31-0890-4cd6-bd9c-ccabf78b222b/WJCC-9-9520-supplementary-material.pdf
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describe studies with many thresholds. Pooled sensitivity, specificity, area under the 
curve (AUC) with 95%CI, and SROC were analyzed with STATA 14.0 software. 
RevMan5.3 software was used to extract or calculate TP, FP, TN, and FN values.

Since heterogeneity was presumed to exist in diagnostic reviews, a random effects 
model was used as the default method, unless very few studies, estimating between-
study variability or analysis, demonstrated that a fixed effects model was appropriate. 
The pre-planned subgroups were divided according to the type of DM, BMI, age, and 
method by which GA was measured. The magnitude of the heterogeneity was 
depicted by plotting the prediction region in ROC space. Heterogeneity is high when 
the 95% prediction region is much larger than the 95% confidence region, and vice 
versa. The potential source of heterogeneity was investigated by meta-regression 
through STATA 14.0 or SAS statistical software, which uses covariates like cut-off 
values, population region, age, BMI, sex, study-type, sample size, standard test, and 
the assay used to measure GA. When certain studies were excluded, sensitivity 
analysis was performed to analyze the stability of the diagnostic statistical value of GA 
for diagnosing DM, accounting for significant heterogeneity and meta-regression or 
risk of bias. Subgroups were developed as the individual heterogeneity resources were 
identified by meta-regression when possible. We further assessed the risk of 
publication bias using Deek’s Funnel plot.

RESULTS
Study selection and characteristics
The selection process of published studies from the available literature is presented in 
Figure 1. A total of electronically searched 1444 articles in PubMed (n = 134), EMBASE 
(n = 239), Cochrane Library (n = 145), Web of Science (n = 194), MEDLINE (n = 192), 
Scopus (n = 219), Chinese National Knowledge Infrastructure (CNKI) (n = 36), VIP (n = 
143), and Chinese Medical Association (CMA) Digital Periodicals of Wanfang (n = 142) 
were enrolled in this study. Records (n = 26) were obtained from Clinicaltrails.gov and 
WHO ICTRP. No other studies were extracted from the reference review of the 
selected studies or the hand-search of other sources.

After eliminating the duplicated papers (n = 415) and cross-checking the title and 
abstract for inappropriate articles (n = 963), 92 full-text articles were scrutinized for 
further evaluation. Finally, out of the 30 articles that matched the selection criteria, we 
excluded additional studies that did not report diagnostic test accuracy data, did not 
mention the gold standard reference, or referred to the same study population as 
presented in another study. The remaining 19 studies included 3 on GDM in the 
systematic review[37-39] and 16 on non-GDM in the meta-analysis. Of the latter 16 
studies[33,40-54], 3 articles reported special types of DM, including cystic fibrosis-
related diabetes (CFRD) or post-transplant diabetes mellitus (PTDM). Except for a 
retrospective cross-sectional study by Wang et al[41], the remaining studies were 
prospective cross-sectional or cohort studies. The average age of participants was 47.7-
59 years in the 13 non-GDM studies, 14.2 years in CFRD, 36-46.1 years in PTDM, and 
mostly 24-28 gestational weeks in GDM subjects. Ten studies measured GA with 
Lucica GA-L[23], which was developed in Japan and has been verified for its excellent 
performance of accuracy. In two studies, GA was measured with GlycoGap[55], and 
one study measured GA with the quantILab Glycated Albumin assay[24]. No specified 
enzymatic method or HPLC was conducted respectively in the other two studies. 
Detailed information on the selected studies is shown in Table 1.

Most of the studies included the diagnostic criteria for DM specified by the World 
Health Organization (WHO, 1999) guidelines, i.e., FPG ≥ 7.0 mmol/L or 2-h post-load 
PG ≥ 11.1 mmol/L or RBG ≥ 11.1 mmol/L. The other studies employed ADA criteria, 
which consider HbA1c ≥ 6.5% as the criterion for DM. The diagnosis of GDM in all the 
three studies was reported for any one of the following plasma glucose values: FPG ≥ 
5.1 mmol/L, 1-h post-load PG ≥ 10.0 mmol/L, and 2-h post-load PG ≥ 8.5 mmol/L. 
Considering our objectives of this meta-analysis, prediabetes impaired glucose 
regulation was listed as non-diabetes. The data were then used to prepare the 
statistical 2 × 2 contingency table.

Assessment of quality of included studies
The methodological quality of the selected studies was assessed using the QUADAS-2 
tool (Figures 2 and 3). For patient selection, one study (Wang et al[41]) was ranked as 
“high risk” for not mentioning the random patient selection, three[44,47,54] were 
ranked as “unclear risk,” and others were identified as having a low bias risk. Most of 
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Table 1 Basic characteristics of included studies

Ref. Year Nation Men, n 
(%)

Age 
(yr)

BMI (kg/m2)/BMI 
z-score Detection methods Cut-

off n TP 
(a)

FP 
(b)

FN 
(c)

TN 
(d)

Chume et al[42] 2019 Brazil 40.5 53.41 28.91 GlycoGap, Poway, CA 14.8% 242 50 57 27 108

Furusyo et al[52] 2011 Japan 29.8 49.9 22.2 Lucica GA-L, Japan 15.5% 1575 60 251 12 1252

He et al[47] 2017 China 55.2 55.0 24.9 Lucica GA-L, Japan 17.1% 1287 629 12 363 283

Ikezaki et al[48] 2015 Japan 32.0 59.0 23.1 Lucica GA-L, Japan 15.2% 908 36 56 22 91

Lang et al[37] 2018 China 0 20-30 
wk2

Not given Enzymatic method,Japan 13.5% 276 104 42 35 95

Liu et al[38] 2020 China 0 24-28 
wk

25.1 LST 008 14.2% 261 66 76 20 99

Ma et al[53] 2010 China 45.4 53.1 24.2 Lucica GA-L, Japan 17.1% 1971 580 281 175 935

Pimentel et al[40] 2020 Brazil 53.0 46.1 26.0 GlycoGap, Diazyme 
Laboratories

16.5% 134 17 16 16 85

Shima et al[54] 1989 Japan 83.3 47.7 Not given HPLC 21.6% 302 40 21 9 232

Su et al[46] 2018 China 46.7 50.5 24.7 Lucica GA-L, Japan 16.3% 691 226 59 109 297

Su et al[45] 2019 China 46.2 50.4 24.7 Lucica GA-L, Japan 17.1% 701 190 40 160 311

Tommerdah et al
[44]

2019 United 
States

41.0 14.2 −0.023 Lucica GA-L, Japan 14.0% 58 2 5 7 44

Wang et al[41] 2020 China 69.5 36.0 20.6 Not given 14.6% 210 12 24 9 165

Wu et al[33] 2016 Taiwan 40.0 50.4 24.3 Lucica GA-L, Japan 15.0% 1559 98 208 34 1219

Zemlin et al[43] 2019 South 
Africa

25.8 47.8 28.7 Werfen, Italy 14.9% 1294 62 77 32 1123

Zhang et al[50] 2014 China 49.5 50.2 25.0 Lucica GA-L, Japan 16.6% 392 94 33 37 228

Zheng[51] 2012 China 52.7 51.9 Not given Enzymatic method, Japan 17.5% 509 223 16 95 175

Zhuang et al[39] 2019 China 0 24-28 
wk

20.6 Colorimetric method 11.5% 357 145 94 41 77

Hwang et al[49] 2014 South 
Korea

58.5 52.5 24.8 Lucica GA-L, Japan 14.3% 852 210 63 106 473

1Data are expressed as the median.
2Data are expressed as gestational weeks.
3Data are expressed as BMI z-score.
BMI: Body mass index; TP: True positive value; TN: T negative value; FP: F positive value; FN: F negative value.

the studies were identified for having a low risk of bias and high quality, apart from 
two studies[41,54] that showed a high risk of reference standard because of 
inconsistency with the majority of the studies. One study (Wang et al[41]) was 
considered as having an unclear risk for the item flow and timing due to exclusion of 
some positive and negative subjects.

Findings of diagnostic test accuracy and heterogeneity
The forest plots of GDM and non-GDM were plotted with TP, FP, TN, FN values, 
sensitivity, and specificity combined with 95%CI extracted or calculated from original 
studies (Figure 4). Estimating GA test accuracy for the diagnosis of GDM by paired 
sensitivity and specificity or SROC was limited because of the restricted number of 
studies. We found that the average cut-off values reported in these GDM studies were 
much lower than those for another type of non-GDM.

Since almost all studies reported various thresholds for the diagnosis of non-GDM, 
test accuracy is summarized as the SROC curve in the HSROC model (Figure 5). We 
avoided estimating the summary sensitivity and specificity related to an unspecified 
average threshold, which is clinically unhelpful. Hence, we estimated the SROC curve 
with the average location parameter lambda of 2.354 (95%CI: 2.002, 2.707) and scale 
parameter beta of 0.163 (95%CI: -0.614, 0.288). These two parameters can help us to 
understand the trade-off between sensitivity and specificity; if one value increases, the 
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Figure 1 Flow chart of article selection.

other decreases as the positive threshold is altered. Substantial heterogeneity existed 
among the non-GDM studies, as shown in the SROC plot, where the 95% prediction 
region is much larger than the 95% confident region. However, the heterogeneity 
analysis by means of meta-regression is not feasible, as few studies were available after 
the pre-planned subgroup analysis. Notably, one study (Tommerd et al) on CFRD 
reported a substantially low sensitivity. It was found that when studies on CFRD or 
the three on special types of DM were excluded, the difference between the 95% 
prediction region and 95% confident region did not show any changes. When we 
included GDM, the difference between the 95% prediction region and 95% confident 
region was greater than the earlier results. This suggests that the type of diabetes may 
remain as a source of heterogeneity. In the same way, when we included different 
BMIs and age groups, we found that they may also be the sources of heterogeneity, 
which should be supported by further rigorous statistical analysis.

Fortunately, four studies reported data with a common GA cut-off value of 14.0%. 
Figure 6 presents the forest plot of GA with a cut-off value of 14.0% for non-GDM 
diagnosis. Pooled sensitivity of the predicting DM was found to be 0.766 (95%CI: 
0.539, 0.901) and pooled specificity was 0.687 (95%CI: 0.364, 0.894). The pooled 
diagnostic odds ratio was 7.176 (95%CI: 2.810, 18.324), and the AUC of the SROC was 
0.80 (95%CI: 0.76, 0.83), which were calculated using the STATA 14.0 bivariate model. 
As shown in Figure 7, heterogeneity appeared less marked, and sensitivity analysis 
and meta-regression to find the source of heterogeneity were limited due to a smaller 
number of studies.

The other 12 studies reported data using cutoffs other than 14.0%. The forest plots 
show the sensitivity and specificity of these studies, which reported a common cutoff 
(Figure 6). After visual assessment, the largest Youden index may occur when the 
cutoff value of GA is about 15.5%. Deek’s funnel plot in Figure 8 displays a 
symmetrical shape with P = 0.548, which was calculated using STATA 14.0 software 
and identified with no publication bias in the quantitative synthesized studies.



Xiong JY et al. Glycated albumin for diagnosis of DM

WJCC https://www.wjgnet.com 9527 November 6, 2021 Volume 9 Issue 31

Figure 2 Risk of bias and applicability concerns summary: Review authors’ judgements about each domain for each included study.

Figure 3 Risk of bias and applicability concerns graph: Review authors’ judgements about each domain presented as percentages 
across included studies.

DISCUSSION
Summary of main results
DM is a multifactorial metabolic disorder that is diagnosed by clinical examination 
and laboratory tests, which are also useful for prognosis, treatment, and follow-up. 
Herein, our objective was to assess the utility of GA in the diagnosis of DM.

Our research included 19 studies, 3 on GDM (including 894 participants in a 
systematic review), and a meta-analysis of 16 non-GDM studies (consisting of 11982 
subjects). Most of the studies identified using the QUADAS-2 quality assessment tool 
had high quality and showed a low risk of bias.

Considering the importance of early diagnosis of non-DM and GDM to delay or 
even interrupt the progression of complications, we must emphasize less false 
negative results, which means that greater sensitivity over specificity is applaudable. 
As such, we achieved a maximum sensitivity of 72.2% with the lowest acceptable 
specificity through the estimated SROC curve. A greater heterogeneity exists within 
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Figure 4 Forest plots of serum glycated albumin for diagnosis of gestational diabetes mellitus and non-gestational diabetes mellitus at 
different thresholds.

Figure 5 Summary receiver operating characteristic plot of plasma glycated albumin concentrations of non-gestational diabetes mellitus, 
using hierarchical summary receiver operating characteristic parameters. HSROC: Hierarchical summary receiver operator characteristic curve.

DM analysis studies and becomes less heterogeneous when GDM is excluded, 
indicating that DM type may be one possible source of heterogeneity. In the early 
studies[29,30], we discovered that BMI and age may also be sources of heterogeneity. 
It is pertinent to note that other possible sources of heterogeneity may exist, such as 
study location, diabetes duration, and smoking history, which were not investigated in 
the included studies.

Our analysis of four studies, which assessed GA diagnostic accuracy with a cut-off 
of 14.0%, provided a pooled sensitivity of 0.766 with 95%CI from 0.539 to 0.901 and 
pooled specificity of 0.687 with 95%CI from 0.364 to 0.894. It is assumed that in a 
population of 1000 to-be-diagnosed subjects with a prevalence of non-GDM of 9.3%
[2], 22 patients with GDM would receive false negative results, and 284 without the 
disease would be falsely diagnosed. The diagnostic accuracy of cut-off 14.0% is 
acceptable, as missed diagnosis can lead to serious complications; thus, we emphasize 
early stage diagnosis. In the four studies, heterogeneity was relatively smaller, and 
there is no evidence that heterogeneity is due to mere systematic error. The 
uncertainty in this group is significant with a wide 95%CI, which limits the application 
of pooled estimates in clinical practice. Moreover, sensitivity analysis and investig-
ations of heterogeneity in this review were limited because of the small number of 
included studies.
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Figure 6 Forest plots of different cut-off values of plasma glycated albumin for diagnosis of non-gestational diabetes mellitus.

Strengths and weaknesses of the study
This paper presents the first systematic review and meta-analysis on the accuracy of 
GA for DM, including several strengths and weaknesses. Electronic databases and 
clinical trial websites were systematically searched for relevant articles published or 
ongoing and registered trials. We used a rigorous, evidence-based process to develop 
QUADAS-2 from the widely used QUADAS tool[36]. We employed the bivariate 
model to estimate the diagnostic value of GA at a cut-off of 14.0%, which directly 
indicates that a correlation might exist between the estimates of sensitivity and 
specificity within and between the studies. The HSROC model was applied to estimate 
the SROC curve regarding the studies that reported different threshold values. The 
results account for the correlation between sensitivity and specificity across the studies 
as their functional relationship varies with the threshold values within each study.

The major limitations of this review are described as follows. First, bias may have 
been introduced since the included studies were written in English or Chinese, which 
may veil negative results and may cause the identified thresholds to optimize test 
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Figure 7 Summary receiver operating characteristic plot of plasma glycated albumin concentrations at 14.0%, using hierarchical 
summary receiver operating characteristic parameters. HSROC: Hierarchical summary receiver operator characteristic curve.

Figure 8 Deek’s funnel plot of included non-gestational diabetes mellitus studies.

accuracy. Second, the primary studies failed to report several essential details, such as 
subject selection, severity of the disease in the participants, and the procedures used to 
measure the index test. We were also unable to ascertain whether the various 
laboratory methods for the determination of GA levels were relatively uniform across 
the different studies, as there is no internationally recognized authoritative reference 
measurement procedure for GA to date. Third, the sources of heterogeneity among the 
studies cannot be rigorously and statistically analyzed, which reduces our confidence 
in the pooled estimates.

Application of findings to review question
In terms of patient selection, most of the studies do not provide detailed information, 
leading to unpredictable bias. For example, the severity of the disease will have an 
impact on sensitivity, and the range of differential diagnoses present in non-diseased 
populations will affect the specificity. The GA detection methods included in the 
review may vary as differences between different diagnostic centers and laboratories 
in the interpretation of tests will introduce variability. In addition, application of the 
GA methods may be inhibited by reproducibility and calibration issues. The definition 
of the target disorder in the review question is also slightly different from the 
definition adopted in the included studies: Postprandial blood glucose was not part of 
the reference standard in minority studies.
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CONCLUSION
Implications for practice
Several limitations for clinical practice are attributed to the great uncertainty of the GA 
cut-off value and significant heterogeneity towards non-GDM. Although GA reveals a 
moderate accuracy for the diagnosis of non-GDM, the combination of FPG ≥ 7.0 
mmol/L and/or HbA1c ≥ 6.5%GA had a higher sensitivity, and the rate of missed 
diagnoses was lower than that for the detection of GA[42,45,47]. In addition, clinical 
use of the GA detection methods is restricted to disease or comorbidities that increase 
albumin metabolism and decrease its half-life. Therefore, GA should be used as an 
additional test rather than an alternative to HbA1c or OGTT, and its use as the sole 
DM diagnostic test should be interpreted with caution to assure the correct classi-
fication of diabetic individuals.

Implications for research
Future studies are highly recommended to improve the diagnostic accuracy of GA for 
GDM and combinational measurement of GA and other assays with homogenous and 
multi-national/ethnic subjects. Authors should adhere to the recognized guidelines for 
reporting DTA studies, such as the Standards for Reporting of Diagnostic Accuracy 
Studies (STARD) initiative[56], and avoid selecting thresholds in a data-driven manner 
to optimize test accuracy. Besides, further studies are needed to unify international 
standards and optimize GA detection methods.

ARTICLE HIGHLIGHTS
Research background
Glycated albumin (GA), the non-enzymatic glycation product of albumin in plasma, 
was first introduced as a glycemic marker in the beginning of the 21st century. GA is 
not affected by hemoglobin levels and reflects glycemic status over a shorter period (2-
4 wk) as compared to HbA1c measurements. GA has been verified for various aspects 
in the management of diabetes mellitus (DM) in clinical chemistry.

Research motivation
This study is the first systematic review and meta-analysis on the diagnostic accuracy 
of GA for DM. GA may contribute as an intermediate glucose index in the current DM 
diagnostic system.

Research objectives
Our main purpose was to summarize and assess the diagnostic data to evaluate the 
suitability of GA in the diagnosis of DM.

Research methods
The Quality Assessment of Diagnostic Accuracy Studies-2 tool was applied for the 
assessment of quality. The bivariate model was used to pool sensitivity and specificity, 
and the hierarchical summary receiver operator characteristic curve (HSROC) model 
was utilized to estimate the summary receiver operating characteristics curve (SROC). 
The results account for the correlation between sensitivity and specificity across the 
studies, while the HSROC model also considered the variations between the functional 
relationship and thresholds in each study.

Research results
The average cut-off values of GA reported for gestational diabetes mellitus (GDM) 
diagnosis were much lower than those for non-GDM. Diagnosing DM with a 
circulating GA cut-off of 14.0% had a summary sensitivity of 0.766 (95%CI: 0.539, 
0.901), specificity of 0.687 (95%CI: 0.364, 0.894), and area under the curve (AUC) of 0.80 
(95%CI: 0.76, 0.83) for SROC. The estimated SROC at different GA cut-off values for 
non-GDM exhibited that the average location parameter lambda was 2.354 (95%CI: 
2.002, 2.707) and the scale parameter beta was -0.163 (95%CI: -0.614, 0.288).

Research conclusions
GA should be used as an additional test rather than an alternative to HbA1c or OGTT, 
considering its moderate accuracy in diagnosing non-GDM. Its use as the sole DM 
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diagnostic test should be interpreted with caution to assure the correct classification of 
diabetic individuals.

Research perspectives
Further research on the diagnostic accuracy of GA for GDM and combinational 
measurements of GA with other assays has been suggested. Besides, it is pertinent for 
researchers to unify international standards and optimize GA detection methods.
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