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Hba1c Level is Not Always a Reliable  
Parameter of Metabolic Control of Diabetes

In this issue of Clinical Diabetology, Chung K. and 
Huang N. [1] present an interesting case of 29-year-
-old female with undetectable glycated hemoglobin 
(HbA1c). This particular case is related to hemoglo-
binopathy; however, it may also bring into focus the 
limitations related to HbA1c assessment in clinical 
practice in general.

HbA1c was and is widely used for monitoring gly-
cemic control in patients with diabetes, as it reflects 
average plasma glucose over the previous three months 
and corelates very well with the risk of diabetes compli-
cations [2]. As HbA1c estimation does not require any 
special preparation (such as fasting) and can be per-
formed at any time of the day, it is widely recognized as 
a convenient and useful screening tool. HbA1c assess-
ment has been also proposed for diagnosis of diabetes 
[3] and presently is endorsed by most international 
and national diabetes societies and WHO [4] also for 
this purpose. The current cut-off point for diagnosis of 
diabetes is an HbA1c of 6.5% (48 mmol/mol). 

However, it should be mentioned that as glycated 
hemoglobin is formed by the non-enzymatic glycation 
of hemoglobin, the level of HbA1c depends on glucose 
concentration in the extracellular fluid in which the 
erythrocyte is located and on the time of exposure 
to hyperglycemia. As HbA1c is catabolized only after 

erythrocyte’s death, its turnover is dependent on the 
erythrocytes’ lifespan. Conditions that prolong the life 
of erythrocytes (e.g., aplastic anemia, iron deficiency 
anemia and after splenectomy) may lead to increased 
(prolonged) exposure of cells to glucose and to falsely 
high HbA1c results. On the other hand, conditions 
that shorten erythrocytes’ life (hemolytic anemia, 
hemorrhagic anemia, kidney failure, treatment with 
erythropoietin, iron preparations or vitamin B12) may 
result in reduced exposure of cells to glucose and in 
falsely low HbA1c percentage. 

Other hematologic conditions that alter hemo-
globin A1c concentrations are hemoglobinopathies, 
which modify the composition and structure of 
hemoglobin. The main types of hemoglobinopathies 
are thalassemias and structural hemoglobin variants 
(abnormal hemoglobin). It should be noted that 
structural variants of hemoglobin are usually clinically 
silent and may be discovered incidentally for example 
during the HbA1c assessment [5], like in the case of  
a 29-year-old described by Chung K. and Huang N. [1]. 

Hemoglobinopathy may influcence HbA1c results 
for a variety of reasons [6]. It may alter glycation and 
interfere with the assay, causing results of HbA1c meas-
urements falsely high or falsely low, depending on the 
variant, the method, and the specific assay used [7]. 
For example, in the case report published in this issue 
of Clinical Diabetology [1], with high HbE/HbA2 and 
HbF ratios, HbA1c was undetectable. Presence of the 
hemoglobin S variant may be, in contrary, associated 
with higher HbA1c concentration [4]. Therefore, an 
attention to hemoglobinopathy as the factor influenc-
ing HbA1c measurement is required, and, given the 
demographic changes in world population, not only in 
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regions where the population of Hb variants is highly 
prevalent [8].

In addition to various hematological conditions, 
there are many other factors influencing HbA1c results. 
The first one is biological variability that may influence 
glycated hemoglobin level. Results of some studies sug-
gest that genetic factor may play a significant role in 
the determination of HbA1c [9, 10], but clinical factors 
may also play a role. Chao et al. [11] found that age, 
weight, gender, fatty liver disease, blood lipids, and uric 
acid level were related to the increase in HbA1c level. 
Jansen et al. [12] have shown that age, gender, BMI, 
mean corpuscular hemoglobin concentration, current 
smoking and alcohol consumption were independent 
predictors of HbA1c, together explaining 26.2% of the 
variance in HbA1c. Diagnostic performance of HbA1c 
may be also influenced by the obesity class [13], by 
ethnicity [14] and by many medications (some of them 
quite commonly used) [15]. Interestingly, it seems that 
chronic kidney disease does not exert any significant 
influence on HbA1c level [16].

From the above-mentioned reason, and possibly 
other reasons, in clinical practice, one may encounter 
substantial differences between the expected and ob-
tained HbA1c results but also discrepancies between 
HBa1c and blood glucose levels. Indeed, in spite of the 
fact that the correlation between HbA1c and average 
blood glucose (ABG) from 3 months is in most studies 
very good, the differences and discrepancies on an 
individual level may be quite substantial. For example, 
in patients with type 1 diabetes and ABG between 
180 and 190 mg/dL, corresponding HbA1c value was 
between as low as 6% and almost 9% [17].

In patients with type 2 diabetes the discrepancies 
may be also pronounced. In spite of the fact that ADA 
guidelines suggest that the ABG value corresponding 
with HbA1c of 7% should be equal to 154 mg/dL, with 
the upper limit of the 95% CI of 185 mg/dL [18], the 
probability that HbA1c level exceeds 7% is higher than 
90% only in patients with type 2 diabetes in whom ABG 
exceeds 200 mg/dL, and achieves 99% only in patients 
with ABG of 260 mg/dL [19]. 

In case of incompatibilities, it is often argued that 
their reason may be that patients do not measure 
blood glucose sufficiently often or do not record high 
or low glucose values in their diaries, and therefore the 
calculations may be biased. Although it may be true 
in many cases, physicians should be aware of possible 
limitations of the HbA1c test and in case of doubts 
and when it may be of clinical importance, they should 
consider the above-mentioned influencing factors. In 
some cases, a comparison of HbA1c with the results of 
other tests used to diagnose (fasting plasma glucose, 

oral glucose tolerance test) or to control diabetes 
(blood glucose, fructosamine, glycated albumin or 
plasma 1,5-anhydroglucitol levels) may be helpful and 
should be performed. The best emerging tool to check 
the reliability of HbA1c seems to be a continuous (or 
flash) glucose monitoring, as the Time-In-Range (TIR) 
and Time-Above-Range (TAR) values are easy to obtain 
and, as they are based on numerous glucose estima-
tions, much more reliable that single or even multiple 
glucometer measurements. It should be noted, how-
ever, that only HbA1c has been validated in randomized 
controlled trials to predict diabetes-related complica-
tions [7] and long-term associations of these alternative 
biomarkers of glycemia with the risk of complications 
need to be confirmed [20]. 

REFERENCES
1. Chung K, Huang N. Undetectable Glycated Hemoglobin (HbA1c): 

An Interesting Case. Clin Diabetol. 2023; 12(2): 135–136, doi: 
10.5603/DK.a2023.0004.

2. Fan W, Zheng H, Wei N, et al. Estimating HbA1c from timed 
Self-Monitored Blood Glucose values. Diabetes Res Clin Pract. 
2018; 141: 56–61, doi: 10.1016/j.diabres.2018.04.023, indexed 
in Pubmed: 29673846.

3. Gillett MJ, Kilpatrick ES, Bloomgarden ZT, et al. International 
Expert Committee. International Expert Committee report on 
the role of the A1C assay in the diagnosis of diabetes. Diabetes 
Care. 2009; 32(7): 1327–1334, doi: 10.2337/dc09-9033, indexed 
in Pubmed: 19502545.

4. https://apps.who.int/iris/bitstream/handle/10665/70523/WHO_
NMH_CHP_CPM_11.1_eng.pdf (15.04.2023).

5. Klonoff DC. Hemoglobinopathies and Hemoglobin A1c in 
Diabetes Mellitus. J Diabetes Sci Technol. 2020; 14(1): 3–7, doi: 
10.1177/1932296819841698, indexed in Pubmed: 30897962.

6. Little RR, Roberts WL. A review of variant hemoglobins interfering 
with hemoglobin A1c measurement. J Diabetes Sci Technol. 2009; 
3(3): 446–451, doi: 10.1177/193229680900300307, indexed in 
Pubmed: 20144281.

7. Zhu NA, Reichert S, Harris SB. Limitations of hemoglobin A in 
the management of type 2 diabetes mellitus. Can Fam Physician. 
2020; 66(2): 112–114, indexed in Pubmed: 32060191.

8. Liddy AM, Grundy S, Sreenan S, et al. Impact of haemoglobin 
variants on the use of haemoglobin A1c for the diagnosis and 
monitoring of diabetes: a contextualised review. Ir J Med Sci. 
2023; 192(1): 169–176, doi: 10.1007/s11845-022-02967-2, 
indexed in Pubmed: 35362846.

9. Snieder H, Sawtell PA, Ross L, et al. HbA(1c) levels are genetically 
determined even in type 1 diabetes: evidence from healthy and 
diabetic twins. Diabetes. 2001; 50(12): 2858–2863, doi: 10.2337/
diabetes.50.12.2858, indexed in Pubmed: 11723071.

10. Soranzo N. Genetic determinants of variability in glycated hemo-
globin (HbA(1c)) in humans: review of recent progress and pros-
pects for use in diabetes care. Curr Diab Rep. 2011; 11(6): 562–569, 
doi: 10.1007/s11892-011-0232-9, indexed in Pubmed: 21975967.

11. Chao G, Zhu Y, Chen L. Role and Risk Factors of Glycosylated 
Hemoglobin Levels in Early Disease Screening. J Diabetes Res. 
2021; 2021: 6626587, doi: 10.1155/2021/6626587, indexed in 
Pubmed: 33880380.

12. Jansen H, Stolk RP, Nolte IM, et al. Determinants of HbA1c in 
nondiabetic Dutch adults: genetic loci and clinical and lifestyle 
parameters, and their interactions in the Lifelines Cohort Study. 
J Intern Med. 2013; 273(3): 283–293, doi: 10.1111/joim.12010, 
indexed in Pubmed: 23121487.

http://dx.doi.org/10.5603/DK.a2023.0004
http://dx.doi.org/10.1016/j.diabres.2018.04.023
https://www.ncbi.nlm.nih.gov/pubmed/29673846
http://dx.doi.org/10.2337/dc09-9033
https://www.ncbi.nlm.nih.gov/pubmed/19502545
https://apps.who.int/iris/bitstream/handle/10665/70523/WHO_NMH_CHP_CPM_11.1_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/70523/WHO_NMH_CHP_CPM_11.1_eng.pdf
http://dx.doi.org/10.1177/1932296819841698
https://www.ncbi.nlm.nih.gov/pubmed/30897962
http://dx.doi.org/10.1177/193229680900300307
https://www.ncbi.nlm.nih.gov/pubmed/20144281
https://www.ncbi.nlm.nih.gov/pubmed/32060191
http://dx.doi.org/10.1007/s11845-022-02967-2
https://www.ncbi.nlm.nih.gov/pubmed/35362846
http://dx.doi.org/10.2337/diabetes.50.12.2858
http://dx.doi.org/10.2337/diabetes.50.12.2858
https://www.ncbi.nlm.nih.gov/pubmed/11723071
http://dx.doi.org/10.1007/s11892-011-0232-9
https://www.ncbi.nlm.nih.gov/pubmed/21975967
http://dx.doi.org/10.1155/2021/6626587
https://www.ncbi.nlm.nih.gov/pubmed/33880380
http://dx.doi.org/10.1111/joim.12010
https://www.ncbi.nlm.nih.gov/pubmed/23121487


Magdalena Walicka, Edward Franek, Hba1c Level is Not Always a Reliable Parameter of Metabolic Control of Diabetes

77

13. Incani M, Sentinelli F, Perra L, et al. Glycated hemoglobin for 
the diagnosis of diabetes and prediabetes: Diagnostic impact 
on obese and lean subjects, and phenotypic characterization. 
J Diabetes Investig. 2015; 6(1): 44–50, doi: 10.1111/jdi.12241, 
indexed in Pubmed: 25621132.

14. Cavagnolli G, Pimentel AL, Freitas PA, et al. Effect of ethnicity 
on HbA1c levels in individuals without diabetes: Systematic re-
view and meta-analysis. PLoS One. 2017; 12(2): e0171315, doi: 
10.1371/journal.pone.0171315, indexed in Pubmed: 28192447.

15. Unnikrishnan R, Anjana RM, Mohan V. Drugs affecting HbA1c 
levels. Indian J Endocrinol Metab. 2012; 16(4): 528–531, doi: 
10.4103/2230-8210.98004, indexed in Pubmed: 22837911.

16. Borg R, Persson F, Siersma V, et al. Interpretation of HbA in primary 
care and potential influence of anaemia and chronic kidney dis-
ease: an analysis from the Copenhagen Primary Care Laboratory 
(CopLab) Database. Diabet Med. 2018; 35(12): 1700–1706, doi: 
10.1111/dme.13776, indexed in Pubmed: 29985535.

17. Wilson DM, Xing D, Beck RW, et al. Juvenile Diabetes Research 
Foundation Continuous Glucose Monitoring Study Group. Hemo-
globin A1c and mean glucose in patients with type 1 diabetes: 
analysis of data from the Juvenile Diabetes Research Foundation 
continuous glucose monitoring randomized trial. Diabetes Care. 
2011; 34(3): 540–544, doi: 10.2337/dc10-1054, indexed in 
Pubmed: 21266647.

18. Disclosures: Standards of Care in Diabetes—2023. Diabetes Care. 
2022; 46(Suppl 1): S281–S284, doi: 10.2337/dc23-sdis.

19. Walicka M, Jozwiak J, Rzeszotarski J, et al. Diagnostic Accuracy 
of Glycated Haemoglobin and Average Glucose Values in Type 2 
Diabetes Mellitus Treated with Premixed Insulin. Diabetes Ther. 
2019; 10(2): 587–596, doi: 10.1007/s13300-019-0570-1, indexed 
in Pubmed: 30734901.

20. Krhač M, Lovrenčić MV. Update on biomarkers of glycemic control. 
World J Diabetes. 2019; 10(1): 1–15, doi: 10.4239/wjd.v10.i1.1, 
indexed in Pubmed: 30697366.

http://dx.doi.org/10.1111/jdi.12241
https://www.ncbi.nlm.nih.gov/pubmed/25621132
http://dx.doi.org/10.1371/journal.pone.0171315
https://www.ncbi.nlm.nih.gov/pubmed/28192447
http://dx.doi.org/10.4103/2230-8210.98004
https://www.ncbi.nlm.nih.gov/pubmed/22837911
http://dx.doi.org/10.1111/dme.13776
https://www.ncbi.nlm.nih.gov/pubmed/29985535
http://dx.doi.org/10.2337/dc10-1054
https://www.ncbi.nlm.nih.gov/pubmed/21266647
http://dx.doi.org/10.2337/dc23-sdis
http://dx.doi.org/10.1007/s13300-019-0570-1
https://www.ncbi.nlm.nih.gov/pubmed/30734901
http://dx.doi.org/10.4239/wjd.v10.i1.1
https://www.ncbi.nlm.nih.gov/pubmed/30697366

