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[bookmark: _kjgcragcoaxs]ABSTRACT
Background: Glycated hemoglobin (HbA1c) is widely used for the diagnosis and monitoring of diabetes, but its diagnostic performance may be affected by conditions such as altered erythrocyte lifespan, hemoglobinopathies, chronic kidney disease, and pregnancy. Short-term glycemic markers, including glycated albumin, fructosamine, and 1,5-anhydroglucitol (1,5-AG), have been proposed as alternative or complementary biomarkers, particularly in settings where HbA1c may be less reliable. This systematic review synthesized evidence on the comparative diagnostic performance of HbA1c and short-term glycemic markers for the detection of diabetes and prediabetes.
Methods: A systematic review was conducted in accordance with PRISMA 2020 guidelines. Electronic databases searched included PubMed/MEDLINE, Scopus, Web of Science, Embase, the Cochrane Library, and Google Scholar for studies published in English from January 2011 to March 2026. Eligible studies evaluated HbA1c and/or at least one short-term glycemic marker against recognized glucose-based reference standards such as fasting plasma glucose or oral glucose tolerance testing. Data on study characteristics, index tests, reference standards, and reported diagnostic performance measures were extracted and synthesized narratively because of heterogeneity in study populations, assay methods, and diagnostic thresholds.
Results: Nineteen studies met the inclusion criteria. HbA1c was the most extensively evaluated biomarker and generally demonstrated high specificity but variable sensitivity for diabetes detection across populations. Reported HbA1c sensitivity ranged from 45.5% to 89.4%, specificity from 80.0% to 100%, and area under the curve (AUC) from 0.73 to 0.970. Glycated albumin showed moderate to good diagnostic performance, with AUC values ranging from 0.550 to 0.951, sensitivity from 27.3% to 77.5%, and specificity from 65.5% to 99.2%. 1,5-AG demonstrated variable performance depending on population and clinical context, with AUC values up to 0.850. Fructosamine was less frequently studied but showed promising performance in selected populations, particularly where HbA1c interpretation may be limited, such as in children with β-thalassemia major. Several studies also suggested that combining biomarkers improved diagnostic sensitivity and case detection compared with single-test approaches.
Conclusion: HbA1c remains the most established and clinically useful biomarker for diabetes diagnosis because of its convenience, standardization, and generally high specificity. However, its sensitivity is inconsistent across populations and clinical settings. Short-term glycemic markers, particularly glycated albumin and fructosamine, may provide complementary diagnostic value, especially in conditions where HbA1c is less reliable or where recent glycemic exposure is of interest. A multimarker approach may improve the detection of diabetes and prediabetes in selected clinical contexts.
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[bookmark: _czlqnu1vpmp]INTRODUCTION
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from impaired insulin secretion, impaired insulin action, or both, leading to long-term disturbances in carbohydrate, fat, and protein metabolism (American Diabetes Association, 2024). Biochemically, glycemic status is assessed using direct glucose measurements or surrogate biomarkers that reflect cumulative glycemic exposure over defined time intervals (Krhač & Lovrenčić, 2019). Glycemic biomarkers are commonly categorized into long-term and short-term markers. Glycated hemoglobin (HbA1c) is the most widely used long-term marker, reflecting average plasma glucose over approximately 8–12 weeks through non-enzymatic glycation of hemoglobin within erythrocytes. In contrast, short-term glycemic markers such as fructosamine and glycated albumin (GA) reflect glycemic exposure over approximately 2–3 weeks by measuring glycated serum proteins, whereas 1,5-anhydroglucitol (1,5-AG) reflects short-term glycemic excursions, particularly postprandial hyperglycemia, through competitive renal reabsorption dynamics (American Diabetes Association, 2024; World Health Organization [WHO], 2019; Raghubeer et al., 2022).
HbA1c is widely measured using standardized analytical methods such as high-performance liquid chromatography, immunoassays, enzymatic assays, or capillary electrophoresis and is recommended for both the diagnosis and long-term monitoring of diabetes, with a diagnostic threshold of ≥6.5% (Eyth et al., 2025; Sofronescu, 2025). However, the diagnostic performance of HbA1c may be influenced by conditions that affect erythrocyte lifespan or hemoglobin structure, including hemoglobin variants, anemia, chronic kidney disease, and pregnancy. These limitations have prompted increasing interest in alternative or complementary glycemic biomarkers that reflect shorter periods of glycemic exposure (Parrinello & Selvin, 2014). Short-term markers such as fructosamine, glycated albumin, and 1,5-AG are measured using established laboratory methods and provide insight into recent glycemic status (Ciaccio, 2019; Gounden et al., 2025). Unlike HbA1c, these biomarkers are less dependent on erythrocyte lifespan but may be influenced by albumin concentration, protein turnover, and renal function (International Diabetes Federation [IDF], 2017; Little, 2016).
Diabetes represents a substantial global health challenge, affecting approximately 589 million adults aged 20–79 years in 2024, with projections increasing to 853 million by 2050 (International Diabetes Federation, 2025). Early detection of dysglycemia is essential for timely intervention and for reducing the risk of long-term complications such as cardiovascular disease, nephropathy, retinopathy, and neuropathy (Yen et al., 2023). Although HbA1c has become a convenient diagnostic tool due to its stability and non-fasting requirement, concerns remain regarding its variability across ethnic groups, age categories, and clinical conditions (Gomez-Perez et al., 2010; Kaiafa et al., 2021). In certain settings, including chronic kidney disease, hemoglobinopathies, and pregnancy, HbA1c may not accurately reflect glycemic status, highlighting the need to consider alternative biomarkers (American Diabetes Association, 2024).
Previous comparative studies have examined the diagnostic performance of HbA1c and short-term glycemic markers against established glucose-based reference standards such as fasting plasma glucose (FPG) and the oral glucose tolerance test (OGTT) (Chivese et al., 2022). However, the findings remain heterogeneous due to differences in assay methodologies, diagnostic thresholds, population characteristics, and study design (Owora, 2018). Some recent investigations have suggested that combining multiple glycemic biomarkers may improve dysglycemia detection and reduce misclassification in selected clinical settings (Melford et al., 2024).
Despite increasing research on alternative glycemic biomarkers, relatively few systematic reviews have synthesized the comparative diagnostic performance of HbA1c and short-term glycemic markers across diverse populations. Existing reviews often focus on individual biomarkers or specific populations, and variability in reference standards and study methodologies continues to contribute to inconsistent conclusions (Duong et al., 2023; Ford et al., 2019). Therefore, a comprehensive synthesis of the available evidence is needed to clarify the relative diagnostic performance of these biomarkers and to identify clinical contexts in which short-term glycemic markers may provide complementary diagnostic information. Accordingly, this systematic review aimed to synthesize evidence published between 2011 and 2026 on the comparative diagnostic performance of HbA1c and short-term glycemic markers, including fructosamine, glycated albumin, and 1,5-anhydroglucitol, for the detection of diabetes and prediabetes. Specifically, the review examined reported measures of diagnostic performance, including sensitivity, specificity, and area under the receiver operating characteristic curve; evaluated biomarker performance against established glucose-based reference standards such as fasting plasma glucose and oral glucose tolerance testing; explored variations across populations and clinical settings, including age, ethnicity, pregnancy, and renal disease; identified potential sources of heterogeneity across studies; and considered clinical contexts in which short-term glycemic markers may provide complementary diagnostic information alongside HbA1c.
[bookmark: _3h5ct7nthj07]METHODOLOGY
[bookmark: _52etf5280ok9]Study Design and Reporting Framework
This study was conducted as a systematic review to synthesize evidence on the diagnostic performance of HbA1c and short-term glycemic markers for the detection of diabetes and prediabetes. The review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines to ensure transparency and methodological rigor in the identification, screening, and reporting of studies (Page et al., 2021). The review methods specified the eligibility criteria, search strategy, data extraction framework, and evidence synthesis approach. This review was not prospectively registered in PROSPERO or another systematic review registry. Principles relevant to diagnostic test accuracy reviews were considered in the design and reporting of the study (Schünemann et al., 2013).
[bookmark: _rdhq5otxbtg7]Data Sources and Search Strategy
A comprehensive literature search was conducted to identify studies evaluating the diagnostic performance of HbA1c and short-term glycemic markers. Electronic databases searched included PubMed/MEDLINE, Scopus, Web of Science, Embase, the Cochrane Library, and Google Scholar. Additional studies were identified through manual screening of reference lists of eligible articles and relevant review papers.
The search covered studies published between January 2011 and March 2026, and was restricted to articles published in English. A combination of controlled vocabulary terms (e.g., MeSH and Emtree) and free-text keywords was used to maximize search sensitivity. Keywords included HbA1c, glycated hemoglobin, fructosamine, glycated albumin, 1,5-anhydroglucitol, short-term glycemic markers, diagnostic accuracy, sensitivity, specificity, area under the curve, ROC, diabetes diagnosis, and prediabetes. Boolean operators (AND/OR) were applied to combine search terms appropriately. The complete search strategy for each database is provided in the Supplementary Appendix.
[bookmark: _92j0i1p5cmkq]Eligibility Criteria
Studies were included if they evaluated glycated hemoglobin (HbA1c) and/or at least one short-term glycemic marker, fructosamine, glycated albumin (GA), or 1,5-anhydroglucitol (1,5-AG), for the detection, screening, or classification of diabetes, prediabetes, or abnormal glucose regulation. Eligible studies were required to compare the index test with a recognized glucose-based reference standard, including fasting plasma glucose (FPG), oral glucose tolerance test (OGTT), 2-hour plasma glucose, or diagnostic criteria established by the World Health Organization (WHO) or American Diabetes Association (ADA).
Primary human studies were considered eligible if they reported diagnostic performance outcomes such as sensitivity, specificity, area under the receiver operating characteristic curve (AUC), predictive values, likelihood ratios, or other comparative diagnostic measures. Observational study designs including cross-sectional, cohort, case-control, retrospective, and prospective studies were included when they provided relevant diagnostic performance data.
Studies conducted in adult, pediatric, mixed-age, and special clinical populations were eligible provided they evaluated the diagnostic performance of the glycemic biomarkers of interest. These populations included community-based cohorts, hospital-based populations, high-risk groups, pregnancy-related populations, and disease-specific clinical cohorts.
Studies were excluded if they were animal studies, laboratory-only investigations, narrative reviews without primary diagnostic data, editorials, commentaries, letters without original results, or conference abstracts lacking sufficient methodological information. Studies evaluating biomarkers unrelated to the scope of this review or those with incomplete outcome reporting or unavailable full texts were also excluded.
[bookmark: _t4ncji3y1yjg]Study Selection
All retrieved records were imported into reference management software and duplicate records were removed prior to screening. Two reviewers independently screened the titles and abstracts of all retrieved studies for eligibility. Studies that appeared relevant were then subjected to full-text review to determine whether they met the inclusion criteria. Disagreements between reviewers were resolved through discussion and consensus, and when necessary, consultation with a third reviewer. The study selection process was documented using a PRISMA flow diagram.
[bookmark: _bmsysrp9gbrp]Data Extraction
Data extraction was performed independently by two reviewers using a standardized data extraction form developed prior to study selection. Extracted information included the author and year of publication, country and study setting, study design, sample size, and participant characteristics.
Details of the index test were also recorded, including the biomarker evaluated (HbA1c, fructosamine, glycated albumin, or 1,5-AG), assay method, and diagnostic cut-off value when reported. Information regarding the reference standard used for diabetes diagnosis (e.g., fasting plasma glucose, oral glucose tolerance test, or composite diagnostic criteria) was documented.
Where available, diagnostic accuracy outcomes including true positives (TP), false positives (FP), true negatives (TN), false negatives (FN), sensitivity, specificity, and area under the receiver operating characteristic curve (AUC) were extracted. When complete 2×2 contingency data were not reported, available diagnostic performance metrics were summarized descriptively.
[bookmark: _5tj78t948tis]Data Synthesis
Because of substantial variation across studies in terms of study populations, biomarker assays, diagnostic thresholds, and reference standards, a quantitative meta-analysis was not considered appropriate. Therefore, a narrative synthesis approach was used to summarize and compare the reported findings. Diagnostic performance measures reported in the included studies, such as sensitivity, specificity, and AUC values, were examined and compared across different glycemic biomarkers.
Findings were organized according to biomarker type, including HbA1c, glycated albumin, fructosamine, and 1,5-anhydroglucitol. Where relevant, results were also summarized according to population characteristics and clinical contexts, such as pregnancy, renal disease, and population-based screening settings. This approach allowed for a structured comparison of the reported diagnostic performance of long-term and short-term glycemic markers across different study populations.
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Figure 1. PRISMA 2020 flow diagram of the study selection process.
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[bookmark: _sew5c0efei7c]Study Selection
The systematic literature search identified a total of 2,173 records from six electronic databases and additional manual searches. After the removal of duplicate records, 1,874 unique articles remained for title and abstract screening. Most records were excluded during this stage because they did not evaluate the diagnostic accuracy of glycemic biomarkers or did not assess HbA1c or short-term glycemic markers. Following this screening process, 51 full-text articles were retrieved and assessed for eligibility. Of these, 32 studies were excluded for reasons including lack of diagnostic accuracy outcomes, evaluation of biomarkers outside the scope of the review, incomplete methodological reporting, or insufficient extractable data. Ultimately, 19 studies met the predefined inclusion criteria and were included in the qualitative synthesis examining the diagnostic performance of HbA1c and short-term glycemic markers for the detection of diabetes and prediabetes. The study selection process is summarized in the PRISMA 2020 flow diagram (Figure 1).
[bookmark: _5oia5xsutfxv]Characteristics of Included Studies
The 19 included studies, published between twenty eleven and twenty twenty six, were conducted across diverse geographic regions including the United States, China, the Philippines/United States, Malaysia, Brazil, Turkey, Norway, South Korea, Pakistan, Thailand, Uganda, Nigeria, and Egypt. Most investigations employed cross-sectional diagnostic accuracy designs, although several prospective and retrospective studies were also represented. Sample sizes varied considerably across studies, ranging from 31 participants in a Nigerian outpatient investigation to 40,667 participants in a Malaysian population-based cohort study, reflecting a wide variation in study scale and design.
The included studies examined heterogeneous populations that encompassed community-dwelling adults, high-risk outpatient groups, hypertensive adults, obese individuals with suspected dysglycemia, vascular surgery patients, Filipino-American populations, pregnant women undergoing gestational diabetes screening, and children with β-thalassemia major. This diversity of study populations allowed evaluation of glycemic biomarker performance across different demographic groups and clinical contexts. Across studies, the reference standards most commonly used for diagnosing diabetes or abnormal glucose regulation included the 75-g oral glucose tolerance test (OGTT), fasting plasma glucose (FPG), 2-hour post-load glucose, or diagnostic criteria established by the World Health Organization (WHO) or the American Diabetes Association (ADA).
Regarding index tests, HbA1c was the most frequently evaluated biomarker and was generally measured using high-performance liquid chromatography or NGSP/DCCT-standardized laboratory methods. Short-term glycemic markers assessed in the included studies included glycated albumin (GA), fructosamine, and 1,5-anhydroglucitol (1,5-AG), which were measured using enzymatic, colorimetric, spectrophotometric, ELISA-based, or automated biochemical assay platforms. Several studies reported receiver operating characteristic (ROC) analyses, including area under the curve (AUC), sensitivity, specificity, predictive values, and likelihood ratios, whereas other studies primarily reported comparative case detection rates or discordance between glycemic tests.
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[bookmark: _qa72daj27eoy]Diagnostic Performance of HbA1c
Across the included studies, HbA1c was the most extensively evaluated biomarker for the detection of diabetes and prediabetes when compared with glucose-based reference standards such as OGTT and fasting plasma glucose. Overall, HbA1c consistently demonstrated high specificity but variable sensitivity for diabetes detection across populations.
Reported sensitivity for HbA1c ranged from 45.5% to 89.4%, while specificity ranged from 89.0% to 100%. For example, Hjellestad et al. (2013) reported that HbA1c ≥6.5% demonstrated 45.5% sensitivity and 90.0% specificity for OGTT-defined diabetes among vascular surgery patients. Similarly, Habib et al. (2018) found that HbA1c ≥6.5% yielded 70.0% sensitivity and 89.0% specificity compared with 2-hour OGTT glucose in a Pakistani cohort. In obese adults in Turkey, Budak et al. (2026) reported an AUC of 0.881, with an optimized threshold of 6.15% producing 83.3% sensitivity and 80.0% specificity. In a pediatric population undergoing OGTT testing, Kim et al. (2019) reported 89.4% sensitivity and 100% specificity, with an AUC of 0.970 for diabetes detection using HbA1c ≥6.5%.
Several studies also reported strong discriminatory performance for HbA1c in adult populations. Camargo et al. (2021) reported an AUC of 0.951, with 87.4% sensitivity and 94.2% specificity, outperforming serum 1,5-AG and fasting glycemia. Similarly, Chume et al. (2019) observed that HbA1c achieved an AUC of 0.802, which was higher than that reported for glycated albumin (AUC 0.703). However, other investigations demonstrated that HbA1c alone may fail to detect a substantial proportion of diabetes cases when compared with OGTT. For instance, Gong et al. (2025) reported that HbA1c detected only 40.69% of newly diagnosed diabetes cases, whereas 2-hour post-load glucose identified 89.65%.
For the classification of prediabetes and broader dysglycemia, HbA1c frequently produced higher prevalence estimates compared with glucose-based tests. Mercado et al. (2026) reported a prediabetes prevalence of 35.0% using HbA1c, compared with 8.1% using impaired fasting glucose and 8.7% using impaired glucose tolerance. Similarly, Murad et al. (2021) observed higher prevalence estimates for both diabetes and prediabetes when HbA1c criteria were applied compared with fasting plasma glucose. When fasting plasma glucose was used as the reference standard, HbA1c ≥6.5% demonstrated high specificity (approximately 98.6%) but moderate sensitivity (approximately 58.2%) for diabetes detection, while sensitivity for prediabetes detection was considerably lower.
In pregnancy-related studies, HbA1c demonstrated moderate diagnostic performance. Saglam et al. (2017) reported an AUC of 0.756 for detecting gestational diabetes mellitus, suggesting that HbA1c may have limited value as a standalone screening tool in pregnancy when compared with OGTT-based diagnostic approaches.
[bookmark: _iy5chl6nfw4n]
[bookmark: _gvlb6buwm01e]Diagnostic Performance of Short-Term Glycemic Markers
Short-term glycemic biomarkers assessed in the included studies comprised glycated albumin, fructosamine, and 1,5-anhydroglucitol. The diagnostic performance of these markers varied substantially across study populations and clinical contexts.
[bookmark: _70pgjmo3p5nz]Glycated Albumin
Glycated albumin demonstrated moderate diagnostic accuracy across several studies, although its performance was generally lower than that of HbA1c when both biomarkers were evaluated within the same population. In a large U.S. population study involving 4,785 adults without previously diagnosed diabetes, Fang et al. (2022) reported AUC values ranging from 0.824 to 0.951, depending on the diagnostic definition used. At selected thresholds of 16.5% and 17.8%, glycated albumin demonstrated sensitivity ranging from 27.3% to 70.7% and specificity ranging from 98.0% to 99.2%.
Other studies reported more modest performance. Chume et al. (2019) found that glycated albumin ≥14.8% produced 64.9% sensitivity and 65.5% specificity, with an AUC of 0.703 for OGTT-defined diabetes. Increasing the threshold to ≥16.8% improved specificity to 93.3% but reduced sensitivity to 31.2%, demonstrating the threshold-dependent trade-off between sensitivity and specificity. In Korean adults, Hwang et al. (2014) reported that combining glycated albumin with fasting plasma glucose produced 77.5% sensitivity and 89.9% specificity for diabetes detection. However, in gestational diabetes screening, glycated albumin demonstrated limited diagnostic value, with Saglam et al. (2017) reporting an AUC of 0.550.
[bookmark: _ulxnsjl3ml4j]1,5-Anhydroglucitol
The diagnostic performance of 1,5-anhydroglucitol (1,5-AG) varied widely across studies. In adult populations, Camargo et al. (2021) reported that serum 1,5-AG at a cutoff of 92 µmol/L demonstrated 65.3% sensitivity, 91.1% specificity, and an AUC of 0.820 for type 2 diabetes detection. Similarly, Yuan et al. (2021) reported an AUC of 0.850 for detecting 2-hour post-load glucose ≥11.1 mmol/L, with an optimal cutoff of 13.23 µg/mL producing 89.7% sensitivity and 73.5% specificity.
Importantly, diagnostic performance improved when 1,5-AG was combined with other biomarkers. Yuan et al. (2021) reported that combining 1,5-AG with fasting plasma glucose increased sensitivity to 97.1% and specificity to 79.0%, suggesting potential value in multi-marker screening strategies. In gestational diabetes, Saglam et al. (2017) reported an AUC of 0.722, indicating moderate discriminatory ability. In contrast, Malkan et al. (2015) reported poor diagnostic performance for 1,5-AG, with ROC analysis suggesting limited value for detecting diabetes or glucose intolerance in that cohort.
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[bookmark: _81xx47zfunds]Fructosamine
Fructosamine was less frequently evaluated than HbA1c or glycated albumin across the included studies. In comparative analyses reported by Malkan et al. (2015), fructosamine demonstrated intermediate diagnostic performance, ranking below fasting plasma glucose and HbA1c but above 1,5-AG. However, detailed diagnostic accuracy metrics were not reported in that study.
In contrast, Mahmoud et al. (2024) demonstrated that fructosamine showed clinically relevant diagnostic performance in children with β-thalassemia major, a population in which HbA1c may be unreliable due to altered erythrocyte turnover. In this cohort, fructosamine >2.76 mmol/L demonstrated 81.3% sensitivity and 87.8% specificity for prediabetes, while fructosamine >3.0 mmol/L showed 89.5% sensitivity and 75.0% specificity for diabetes detection. In this population, fructosamine demonstrated higher sensitivity than HbA1c for diabetes detection and higher specificity than HbA1c for prediabetes detection.
[bookmark: _qgrzvjqgufws]Comparative Diagnostic Accuracy
Direct comparisons across biomarkers indicated that HbA1c frequently demonstrated higher diagnostic accuracy than individual short-term glycemic markers in adult populations, although exceptions were observed in specific clinical settings. For example, Camargo et al. (2021) reported higher performance for HbA1c (AUC 0.951; sensitivity 87.4%; specificity 94.2%) compared with 1,5-AG (AUC 0.820; sensitivity 65.3%; specificity 91.1%). Similarly, Chume et al. (2019) reported that HbA1c (AUC 0.802) outperformed glycated albumin (AUC 0.703) for diabetes detection.
However, several studies also demonstrated that combining biomarkers improved diagnostic performance relative to single-test strategies. For example, Yuan et al. (2021) reported that combining 1,5-AG with fasting plasma glucose increased sensitivity to 97.1%, while Hwang et al. (2014) found that combining glycated albumin with fasting plasma glucose produced sensitivity of 77.5% and specificity of 89.9%. Hjellestad et al. (2013) also reported that combining HbA1c with fasting plasma glucose increased sensitivity from 45.5% to 64.0% while maintaining specificity of approximately 90%.
Across multiple studies, discordance between HbA1c and glucose-based diagnostic tests was consistently observed. Mercado et al. (2026) reported that HbA1c identified approximately four times as many individuals with prediabetes compared with fasting glucose or OGTT criteria. Similarly, Murad et al. (2021) observed higher diabetes and prediabetes prevalence estimates when HbA1c criteria were applied compared with fasting plasma glucose. Conversely, Gong et al. (2025) reported that HbA1c alone detected substantially fewer newly diagnosed diabetes cases than 2-hour post-load glucose.
[bookmark: _buu1f1emkylk]Summary Of Findings
Overall, the evidence synthesized in this review indicates that HbA1c remains the most widely studied biomarker and generally demonstrates high specificity but variable sensitivity for diabetes detection, particularly at the conventional diagnostic threshold of 6.5%. Across studies reporting ROC analysis, HbA1c sensitivity ranged from 45.5% to 89.4%, specificity ranged from 80.0% to 100%, and AUC values ranged from 0.73 to 0.970.
Among short-term glycemic markers, glycated albumin demonstrated AUC values ranging from 0.550 to 0.951, with sensitivity ranging from 27.3% to 77.5% and specificity ranging from 65.5% to 99.2% depending on population and diagnostic thresholds. 1,5-anhydroglucitol demonstrated AUC values from below the reference line to 0.850, with sensitivity ranging from 65.3% to 89.7% and specificity from 73.5% to 91.1%. Although fewer studies evaluated fructosamine, available evidence suggested sensitivity between 81.3% and 89.5% and specificity between 75.0% and 87.8% in specific populations such as children with β-thalassemia major.
Overall, while HbA1c demonstrated higher diagnostic accuracy than individual short-term markers in many adult populations, substantial discordance was observed between HbA1c and glucose-based diagnostic tests. These findings suggest that short-term glycemic markers may provide complementary diagnostic information in selected clinical contexts, particularly where HbA1c measurements may be affected by altered erythrocyte turnover or other clinical conditions.
[bookmark: _q1k32tp0ktmd]DISCUSSION
This systematic review synthesized evidence from studies published between 2011 and 2026 that compared the diagnostic performance of glycated hemoglobin (HbA1c) with short-term glycemic markers, including glycated albumin (GA), fructosamine, and 1,5-anhydroglucitol (1,5-AG), for the detection of diabetes and prediabetes. Overall, the evidence indicates that HbA1c remains the most widely studied and clinically used biomarker, largely because of its convenience, standardization, and ability to reflect chronic glycemic exposure. However, the findings of this review show that although HbA1c generally demonstrates high specificity, its sensitivity is variable across populations and clinical settings. In contrast, short-term glycemic markers showed heterogeneous but potentially important diagnostic value, particularly in situations where HbA1c may be biologically or clinically limited.
A key finding of this review is that HbA1c consistently demonstrated high specificity but only modest to variable sensitivity when evaluated against glucose-based reference standards such as the oral glucose tolerance test (OGTT) or fasting plasma glucose (FPG). This pattern is consistent with earlier evidence. Kaur et al. (2020) reported that HbA1c at the conventional diagnostic threshold of 6.5% yielded pooled sensitivity of 50.0% and specificity of 97.3% for previously undiagnosed type 2 diabetes, while lowering the threshold to 6.03% increased sensitivity to 73.9% but reduced specificity to 87.2%. The studies included in the present review reflect this same trade-off, with HbA1c performing well for ruling in diabetes but less consistently for case detection. This supports the broader literature suggesting that HbA1c is highly specific for chronic hyperglycemia but may fail to detect a substantial proportion of glucose-defined diabetes cases, particularly when dysglycemia is early, intermittent, or predominantly postprandial (Sherwani et al., 2016). Physiologically, this is understandable because HbA1c reflects average glycemia over approximately two to three months and depends on erythrocyte lifespan and cumulative glycation, which may not capture transient or recently developed hyperglycemia detected by OGTT or post-load glucose measurements (Xu et al., 2021; American Diabetes Association, 2024).
Another important finding was the recurrent discordance between HbA1c and glucose-based diagnostic methods. Several studies in this review showed that HbA1c identified a different subset of individuals with dysglycemia than FPG or OGTT. For example, Mercado et al. (2026) reported that HbA1c classified substantially more individuals as having prediabetes than glucose-based criteria, while Murad et al. (2021) similarly found higher prevalence estimates for both diabetes and prediabetes when HbA1c thresholds were applied. This discordance is clinically relevant because it suggests that HbA1c and glucose-based tests may not be interchangeable across all populations. Previous work has attributed this inconsistency to biological variation in glycation rates, erythrocyte turnover, age, ethnicity, and patterns of glucose exposure (Dunn et al., 2023; Nayak et al., 2019). Ethnic variability is particularly important, as HbA1c distributions and glycation tendencies may differ across populations, raising concerns about the universal applicability of standard HbA1c thresholds derived largely from Western cohorts (Ahmed et al., 2023; Metcalf et al., 2016). In the context of this review, which included diverse populations from Asia, Africa, Europe, and the Americas, these observations reinforce the need for contextual interpretation of HbA1c results rather than uniform diagnostic reliance.
The findings also support the potential diagnostic role of short-term glycemic markers, especially glycated albumin. Glycated albumin showed moderate to high discriminatory ability in several studies, although its performance was inconsistent across settings. In the NHANES-based analysis by Fang et al. (2022), glycated albumin yielded AUC values ranging from 0.824 to 0.951 depending on the definition of undiagnosed diabetes, suggesting good discriminatory power in population screening. However, other studies in this review reported lower performance for glycated albumin than for HbA1c, especially when OGTT served as the reference standard. This variability is consistent with the biology of glycated albumin, which reflects glycemic exposure over a shorter period of approximately two to three weeks and may therefore be more responsive to recent glucose changes than to long-term metabolic status. At the same time, glycated albumin can be influenced by albumin turnover and conditions such as liver disease, nephrotic syndrome, or altered protein metabolism, which may reduce its diagnostic stability in some patients (Gan et al., 2018; Xie et al., 2025). Thus, glycated albumin appears promising as a complementary rather than replacement biomarker.
The diagnostic performance of 1,5-AG was even more context dependent. Some studies included in this review reported moderate to good discrimination, particularly for postprandial or short-term hyperglycemia. Yuan et al. (2021), for example, reported an AUC of 0.85 and high sensitivity when 1,5-AG was combined with fasting glucose, suggesting that it may add value in multi-marker strategies. However, other studies showed limited or poor diagnostic performance for 1,5-AG. This inconsistency likely reflects its biological mechanism. Because 1,5-AG concentrations are strongly influenced by renal glucose reabsorption, the marker is particularly sensitive to short-term glycemic excursions and postprandial glucose elevations rather than sustained chronic hyperglycemia (Xu et al., 2024; Hashim, 2024). For this reason, 1,5-AG may be less suitable as a standalone diagnostic marker for diabetes but may be useful in identifying individuals with early dysglycemia, glycemic variability, or post-load abnormalities that are not adequately captured by HbA1c alone.
Fructosamine was less frequently studied, but the available evidence suggests that it may be particularly useful in selected clinical contexts. In this review, fructosamine showed meaningful diagnostic performance in children with β-thalassemia major, where it outperformed HbA1c in sensitivity for diabetes detection. This is biologically plausible because fructosamine reflects glycated serum proteins rather than erythrocyte glycation and is therefore less affected by disorders of hemoglobin structure or shortened red cell survival. These findings align with prior studies indicating that fructosamine and glycated albumin may be more reliable than HbA1c in patients with hemoglobinopathies, anemia, chronic kidney disease, or other conditions that alter erythrocyte lifespan (Naik et al., 2024; American Diabetes Association, 2024). While the number of studies on fructosamine remains limited, the evidence from this review suggests that it should not be overlooked, especially in populations where HbA1c interpretation is compromised.
An important theme emerging from this review is the value of combining biomarkers rather than relying on a single test. Several included studies reported improved sensitivity when short-term markers were combined with fasting glucose or when multiple markers were used together. For example, combining glycated albumin with fasting plasma glucose improved case detection in Korean adults, while combining 1,5-AG with fasting glucose substantially improved sensitivity in hypertensive populations. These findings support the concept of a multimarker diagnostic strategy, in which biomarkers reflecting different physiological dimensions of glycemia are integrated to improve detection. HbA1c reflects long-term average exposure, glycated albumin and fructosamine reflect shorter-term glycation, and 1,5-AG may reflect short-term glucose excursions. Taken together, these markers may provide a broader and more clinically informative picture of dysglycemia than any single biomarker alone. This interpretation is supported by recent research suggesting that multimarker approaches may improve the identification of early dysglycemia and reduce misclassification associated with dependence on one diagnostic measure (Zhang et al., 2023).
The findings of this review also carry important clinical and public health implications. With global diabetes prevalence projected to exceed 850 million by 2050, early and accurate detection remains central to prevention and complication reduction (International Diabetes Federation, 2025). HbA1c continues to offer practical advantages, including patient convenience, no fasting requirement, and established standardization, and it remains widely recommended by major guidelines (American Diabetes Association, 2024; World Health Organization, 2019). However, the evidence synthesized here suggests that reliance on HbA1c alone may lead to underdiagnosis of some glucose-defined diabetes cases and overclassification of prediabetes in certain groups. This has implications for both clinical decision-making and population screening programs, particularly in ethnically diverse populations or in patients with conditions that affect red cell turnover. In such settings, the selective use of short-term glycemic markers may improve diagnostic precision and reduce the limitations associated with a one-test approach.
Several limitations of this review should be considered when interpreting the findings. First, there was substantial heterogeneity across included studies in terms of assay methods, biomarker thresholds, reference standards, and study populations. This heterogeneity limited direct comparability and was a major reason why a narrative rather than quantitative meta-analytic synthesis was more appropriate. Second, several studies did not report complete diagnostic contingency data, which restricted deeper comparison of pooled diagnostic accuracy measures. Third, many studies focused on specific populations such as pregnant women, hypertensive adults, vascular surgery patients, or individuals with hemoglobinopathies, which may limit the generalizability of findings to the general population. Finally, differences in laboratory standardization and assay platforms may have influenced reported biomarker performance across studies. These issues underscore the need for greater methodological consistency in future diagnostic accuracy research.
Despite these limitations, this review provides an updated synthesis of evidence on the comparative diagnostic performance of HbA1c and short-term glycemic markers across diverse populations and clinical contexts. The overall evidence suggests that HbA1c remains a highly specific and practical biomarker for diabetes diagnosis, but its sensitivity is inconsistent and its performance is not uniform across all clinical situations. Short-term glycemic markers, particularly glycated albumin and fructosamine, may provide clinically useful complementary information, especially where HbA1c is less reliable or where recent glycemic exposure is of interest. Likewise, 1,5-AG may have value in identifying short-term glycemic excursions or postprandial abnormalities.
In summary, the findings of this systematic review support a more nuanced approach to glycemic diagnosis. HbA1c should remain central to current diagnostic practice, but it should not necessarily be used in isolation in all patients or populations. Short-term glycemic markers may offer added value in selected contexts, particularly in the presence of hemoglobinopathies, altered erythrocyte turnover, pregnancy-related glycemic assessment, renal disease, or suspected discordance between HbA1c and glucose-based tests. Future large-scale prospective studies using standardized assays and harmonized diagnostic thresholds are needed to determine how these biomarkers can be optimally integrated into diagnostic algorithms for diabetes and prediabetes.
[bookmark: _gj29xn8oeqyh]CONCLUSION
This systematic review synthesized evidence from studies published between 2011 and 2026 comparing the diagnostic performance of glycated hemoglobin (HbA1c) with short-term glycemic markers, including glycated albumin, fructosamine, and 1,5-anhydroglucitol, for the detection of diabetes and prediabetes. The findings indicate that HbA1c remains the most extensively studied biomarker and generally demonstrates high specificity for diagnosing diabetes. However, its sensitivity varies across populations and clinical settings, particularly when compared with glucose-based reference standards such as the oral glucose tolerance test and fasting plasma glucose.
Short-term glycemic markers showed heterogeneous diagnostic performance across studies. Glycated albumin demonstrated moderate to good discriminatory ability in several populations, while fructosamine showed promising performance in specific clinical contexts such as hemoglobinopathies. The diagnostic value of 1,5-anhydroglucitol varied widely but appeared particularly relevant for detecting short-term glycemic excursions and postprandial hyperglycemia. Importantly, several studies indicated that combining biomarkers improved diagnostic sensitivity and overall detection of dysglycemia compared with single-test strategies.
Overall, the evidence suggests that HbA1c alone may not fully capture the complexity of dysglycemia across diverse populations. Short-term glycemic markers may therefore provide complementary diagnostic information, particularly in clinical situations where HbA1c performance is limited or where recent glycemic changes are clinically relevant. Continued research is needed to determine the optimal integration of these biomarkers into diagnostic frameworks for diabetes and prediabetes.
[bookmark: _b8tl7yd69o36]Clinical Implications
The findings of this review have important implications for clinical practice and diabetes screening strategies. HbA1c remains a convenient and standardized biomarker that reflects long-term glycemic exposure and is widely recommended by international guidelines for the diagnosis and monitoring of diabetes (American Diabetes Association, 2024; World Health Organization, 2019). Its advantages include patient convenience, the absence of fasting requirements, and broad laboratory standardization. However, the variability in sensitivity observed across studies suggests that HbA1c alone may fail to detect a subset of individuals with glucose-defined diabetes or early dysglycemia.
Short-term glycemic markers may therefore serve as useful adjuncts in selected clinical situations. Glycated albumin and fructosamine may be particularly valuable in patients with conditions that alter erythrocyte lifespan, such as hemoglobinopathies, anemia, chronic kidney disease, or pregnancy, where HbA1c may be less reliable. In addition, markers such as 1,5-anhydroglucitol may provide insight into postprandial hyperglycemia or short-term glycemic variability, which may not be adequately reflected by HbA1c.
The evidence also supports the potential value of multimarker diagnostic strategies, where HbA1c is interpreted alongside glucose-based tests or short-term glycemic markers. Such approaches may improve the detection of early dysglycemia and reduce misclassification associated with reliance on a single biomarker. In population screening programs and clinical practice, integrating complementary biomarkers may therefore enhance diagnostic accuracy and support earlier identification of individuals at risk for diabetes.
[bookmark: _vt1edf51tb95]STRENGTHS AND LIMITATIONS
This systematic review has several strengths. First, it provides an updated synthesis of evidence published between twenty eleven and twenty twenty six on the comparative diagnostic performance of HbA1c and short-term glycemic markers across diverse populations and clinical settings. Second, the review followed the PRISMA 2020 reporting framework, ensuring transparency and methodological rigor in the identification, screening, and selection of studies. Third, the included studies encompassed a wide range of geographic regions and clinical populations, including community cohorts, high-risk groups, pregnant women, and individuals with specific medical conditions. This diversity allowed a broader assessment of biomarker performance across multiple contexts.
However, several limitations should be acknowledged. First, there was considerable heterogeneity among the included studies with respect to study design, population characteristics, biomarker assay methods, and diagnostic thresholds. This variability limited direct comparison across studies and precluded quantitative meta-analysis. Second, several studies did not report complete diagnostic contingency data (true positives, false positives, true negatives, and false negatives), restricting deeper quantitative assessment of pooled diagnostic accuracy measures. Third, many studies were conducted in specialized or high-risk populations rather than general community samples, which may limit the generalizability of findings. Finally, variations in laboratory standardization and assay methodologies may have contributed to differences in reported biomarker performance across studies. In addition, the review was not prospectively registered and did not include a formal structured risk-of-bias tool such as QUADAS-2 because several included studies lacked sufficient contingency data for structured diagnostic accuracy appraisal.
Despite these limitations, the findings of this review provide important insights into the diagnostic roles of HbA1c and short-term glycemic markers and highlight the potential benefits of integrating multiple biomarkers in the detection of diabetes and prediabetes.
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