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ABSTRACT
Diabetes prevalence in Singapore is rising, with 
a large percentage of people with diabetes not 
achieving target haemoglobin A1c (HbA1c) levels. 
Monitoring of glucose levels is an integral part of 
diabetes management. Traditional methods like 
HbA1c and self-monitoring of blood glucose (SMBG) 
have limitations, especially in people with high 
glucose variability. Continuous glucose monitoring 
(CGM) technology has advanced considerably in the 
past few decades and provides real-time insights on 
glucose levels (overcoming the limitations of HbA1c), 
without the need for frequent finger pricking required 
for SMBG. CGM-derived metrics like time in range 
provide a comprehensive view of glycaemia, aiding 
in personalised management plans and reducing 
diabetes complications. CGM shows promise not 
only for type 1 diabetes, but also for type 2 diabetes 
management, improving HbA1c levels, reducing 
hypoglycaemia, and enhancing lifestyle modifications. 
In this review, the role of CGM in type 2 diabetes care 
is summarised.
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INTRODUCTION

The prevalence of type 2 diabetes (T2D) in adults in 
Singapore is expected to double from 7.3 percent in 1990 
to 15 percent in 2050.1 Moreover, in a health survey done in 
2020 on adults with diabetes in Singapore, a quarter of the 
participants had suboptimal glycaemia, with haemoglobin 
A1c (HbA1c) >7 percent.2

Glucose monitoring is an integral part of diabetes care and 
aids in optimising glycaemia.3,4 It facilitates optimisation 
of glucose-lowering therapy and may help in providing 
guidance on improving lifestyle for diabetes management.3,4 
However, there are challenges with glucose monitoring tools 
that are used routinely. The primary tools for measuring 
glucose levels, such as HbA1c and self-monitoring of 
blood glucose (SMBG), do not reveal a complete picture 
of glycaemia. SMBG is associated with limitations such as 

low user acceptability.3,4 The advent of continuous glucose 
monitoring (CGM) has revolutionised glucose monitoring 
and facilitated proactive glucose management.5,6 In this 
review article, we summarise the role of CGM in diabetes 
care.

OVERVIEW OF GLUCOSE TESTING FOR 
DIABETES MANAGEMENT

HbA1c, a blood test for glycated haemoglobin, was 
discovered in 1969 and has emerged as one of the most 
important indicators of glycaemia in people with diabetes 
(PwD).7 In 1980s, finger-prick testing of blood glucose 
or SMBG was introduced for self-monitoring of glucose; 
however, user acceptability is still an issue.4,8 Glucose 
monitoring was further revolutionised with the approval 
of the first CGM device in 1999, which has undergone 
continuous advancements over the years, with professional 
and personal (real-time CGM [rtCGM] and intermittently 
scanned CGM [isCGM]) devices currently available for 
use.6,8 Most CGM devices available today are factory-
calibrated, which means that the user is not required to 
periodically do a finger prick for calibrations.9

PROBLEMS WITH HBA1C TESTING

Analytical

Haemoglobin A (HbA) is the most abundant form of 
haemoglobin in adults.10 However, haemoglobin variants, 
such as HbS, HbE, HbC, and HbD, are found in 
approximately 7 percent of the world’s population and affect 
the accuracy of certain HbA1c assays,10,11 which can lead to 
inappropriate interpretation and clinical management.10,12

Biological

Biological variations, including genetic polymorphisms, 
differential glycation rates, and ethnicity13,14 influence 
HbA1c levels, which may lead to discordance between 
HbA1c levels and the individual’s overall glycaemia.15,16 
HbA1c may not be a reliable indicator of glycaemia in 
conditions where red blood cell (RBC) life span is altered, 
like in iron deficiency anaemia, or where RBC turnover 
is increased, such as in sickle cell disease and glucose-6-
phosphate dehydrogenase (G6PD) deficiency.3,17

Mathematical

HbA1c is an indirect measure of average glycaemia over 
approximately three months and does not assess glycaemic 
variability or hypoglycaemia.3 Hence, even when there are 
no analytical or biological issues present, a HbA1c can only 
at best provide an estimated average of a person’s glycaemia,3 
without any information on the extent of hypoglycaemia 
and postprandial hyperglycaemia (glucose variability).
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THE RISE OF CONTINUOUS GLUCOSE 
MONITORING

CGM overcomes the problems with HbA1c testing.

Analytical: In PwD with Hb variants that interfere with 
HbA1c assessments, CGM is a valuable tool to assess 
glycaemia and guide subsequent diabetes management.11 An 
alternative is periodic SMBG.18

Biological: RBC biology does not affect glucose levels 
detected by the CGM sensor.4

Mathematical: CGMs generate sensor glucose levels every 
5-15 minutes, corresponding to 96-288 readings per day.19 
The device also provides a wealth of valuable individual 
data regarding glycaemic variability, as well as time spent in 
hypo- or hyperglycaemia.20

ACCURACY OF CGM

CGM accuracy is measured using the percentage mean 
absolute relative difference (MARD) value, which is the 
percentage difference between the CGM sensor reading 
and a value measured at the same time using a reference 
method.21,22 Over the years, CGM accuracy has improved 
such that the MARD value of the best CGMs is now in 
the range of 8-10 percent.9,21,22 This is moving close to the 
MARD values for commercially available glucose meters, 
which range between 5.6-20.8 percent.23

CHALLENGES OF CGM

Analytical: Certain substances may interfere with glucose 
sensing by CGM sensors and result in spuriously high sensor 
glucose readings.24,25 For example, Freestyle Libre users must 
be cautioned about possible interference from high dose 
vitamin C (>500 mg/day), and Dexcom G6 and Medtronic 
Guardian sensors may be affected by concomitant use of 
paracetamol or hydroxyurea.24,25

Biological: There is a lag time between blood and 
interstitial fluid glucose readings in physiology.24,25 CGM 
systems try to overcome this using “lag compensation” in 
their algorithms.26 Despite this, CGM systems may not 
be accurate during periods of rapid change in capillary 
glucose.26 Hence, it is recommended that at times of rapid 
changes to glucose levels or when symptoms do not match 
the sensor glucose, CGM users should revert to SMBG.27 For 
example, capillary glucose will respond quickly to treatment 
for an episode of hypoglycaemia, while sensor glucose may 
lag. Hence, PwD should not use a sensor glucose to assess 
recovery from hypoglycaemia.27

Mathematical: PwD and healthcare professionals may 
initially find the amount of data generated overwhelming; 
however, once a systematic stepwise approach to reviewing 
the CGM data is practised, especially with the use of time in 
range (TIR), CGM can become a useful tool in improving 
diabetes care.3,28

SUMMARY

CGM provides a complete glycaemic picture, without 
interference from RBC biology or haemoglobin variants.4,11 
Recent CGMs devices are factory-calibrated (eliminating 
the need for finger-prick testing and calibration) and have 
acceptable accuracy (MARD 8-10 percent).9,21,22 Continued 
innovation in CGM devices may help resolve remaining 
issues such as the capillary-tissue glucose lag and sensor 
interference by medications and supplements.24,25

CGM METRICS

Dealing with CGM Data

As CGM becomes more widely used, CGM-derived 
metrics and targets have been standardised for consistent 
and effective reporting of outcomes.29 Core CGM metrics, 
such as TIR, time above range (TAR), time below range 
(TBR), and glucose management indicator (GMI) provide 
a more comprehensive overview of glycaemia than HbA1c, 
facilitating more informed clinical decisions.4

Many clinicians are concerned about how to review and 
interpret the abundant CGM data, collected over days, in 
a short time in the clinic. Kong et al29 and Szmuilowicz et 
al30 have proposed a three-step approach to understanding 
what the problem is (reviewing CGM metrics to identify 
any hypoglycaemia, hyperglycaemia, or high glucose 
variability), where the problem is (reviewing the ambulatory 
glucose profile [AGP] report to identify the time period 
where the problem occurs), and identifying why it happens 
(reviewing daily glucose curves, e.g., studying the impact of 
overtreating an episode of hypoglycaemia by taking a large 
insulin dose when glucose was high) to guide treatment 
decisions.

The Most Widely Used Metric: Time in Range

TIR refers to the time spent in the target glucose range 
(70-180 mg/dL or 3.9-10.0 mmol/L), with most guidelines 
targeting >70 percent of readings or time per day within 
range, while minimising time below range.3,4,29,31 This 
corresponds to a HbA1c of approximately 7 percent.32 TIR 
targets should be individualised according to user factors.31 
TIR is an intuitive and actionable metric at the individual 
level and provides insights for developing an individualised 
glycaemic management plan (refer to Figure 1).3,5 A TIR-
guided HbA1c lowering plan will minimise hypoglycaemia 
episodes and reduce glucose variability in PwD.31

Evidence for Time in Range

A higher TIR is associated with lower risk of microvascular 
complications in PwD, based on re-analysis of the 
landmark Diabetes Control and Complications Trial data.33 
Conversely, a lower TIR is associated with a higher risk of 
retinopathy and microalbuminuria.33 Additionally, a 10 
percent increase in TIR corresponds to a 0.8 percent (9 
mmol/mol) decrease in HbA1c.34
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MANAGING GLUCOSE VARIABILITY WITH 
CGM

Background on Glucose Variability

Glucose variability is the fluctuation in glucose levels and 
is recognised as a clinically valuable marker of glycaemia.4 
High glucose variability is associated with an increased risk 
of hypoglycaemia and hyperglycaemia and predicts diabetic 
complications in PwD.3,4,35 CGM uses standardised metrics 
and glucose data to quantify glycaemic variability, which 
cannot be evaluated with HbA1c or SMBG.4 The preferred 
measure of glucose variability is the coefficient of variation 
(CV),36 with a target of ≤36 percent recommended by most 
guidelines.3,29,31

Tackling Glucose Variability

Glucose variability commonly arises due to the mismatch 
between insulin/oral drug treatment and carbohydrate 
intake; matching the insulin or oral drug regimen with 
the intake of carbohydrates requires patient education on 
behavioural modifications, insulin timing and carbohydrate 
counting, and correction of insulin doses.3,37,38 Moreover, 
PwD are often unaware of periods of high glycaemic 
variability, such as nocturnal hypoglycaemia.39 Studies show 
that people with type 1 diabetes (T1D) had no subjective 
worsening of sleep quality at nights even with prolonged 
nocturnal hypoglycaemia (>150 minutes).39 This suggests 
that people with diabetes may be unaware of prolonged 
nocturnal episodes of hypoglycaemia. Thus, monitoring 
with CGM is recommended in those at high risk of 
nocturnal hypoglycaemia. CGM could also make a PwD 
more aware of the impact of various dietary choices and 
exercise on their blood glucose.40

ROLE OF SELF-MONITORING OF BLOOD 
GLUCOSE

Self-monitoring of capillary glucose remains the mainstay of 
glucose monitoring among most people with type 2 diabetes 
(T2D).4 Advantages of SMBG include wider availability 
and lower cost compared with CGMs.4 On the other hand, 
SMBG needs finger pricking, which is painful and limits 
adherence.4 In addition, it does not provide a detailed picture 
of glycaemia as it is limited to the times when a person 
is awake, thereby missing nocturnal glycaemic events.4 
Nonetheless, SMBG can provide valuable information and 
improve glycaemic control when it is structured.4 A pre-meal 
blood glucose test is valuable in PwD on basal bolus insulin 
therapy, as this allows the person to judge the adequacy of 
a previous bolus insulin and increase or decrease the dose 
as necessary.41 Post-meal glucose testing, while useful to 
assess the degree of postprandial hyperglycaemia, must be 
balanced against the risk of the person with diabetes taking 
additional insulin doses with the potential to cause insulin 
stacking and hypoglycaemia.42

The timing and structure of blood glucose testing should 
depend on the type of glucose-lowering medication used.43 
For instance, PwD on only basal insulin and oral drugs may 
be instructed to check fasting blood glucose and post-meal 
glucose to titrate the basal insulin dose to reduce the risk of 
hypoglycaemia. On the other hand, PwD on a basal bolus 
insulin regimen may need more frequent testing (e.g., pre-
meals and bedtime).

Figure 1: International consensus recommendations for Time-in-Range
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BENEFITS OF USING CGM IN T2D

The benefits of using CGM for glucose monitoring in 
people with T1D is better understood than that for T2D. 
Nevertheless, recent evidence has highlighted the benefits 
for people with T2D as well. A randomised controlled trial 
comparing the efficacy of isCGM vs SMBG in 224 people 
with T2D on intensive insulin therapy demonstrated 
a reduction of time in hypoglycaemia (<70 mg/dL,  
<55 mg/dL, and <45 mg/dL) by 43 percent (p=0.0006), 
53 percent (p=0.0014), and 64 percent (p=0.0013) for 
intervention participants vs control, but without a change 
of HbA1c at six months (adjusted mean ± standard error, 
-0.29±0.07 percent for isCGM group vs -0.31±0.09 percent 
for SMBG group, p=0.8222). Nocturnal hypoglycaemia 
was reduced by 54 percent (p=0.0001) in the isCGM group 
compared with the SMBG group. Glucose variability, 
measured as CV, reduced by 2.26±0.71 percent in the 
isCGM group compared with the SMBG group (p=0.0017). 
In addition, treatment satisfaction was higher in the isCGM 
group compared with the SMBG group (Diabetes Treatment 
Satisfaction Questionnaire [DTSQ], adjusted mean score ± 
standard error, 13.1±0.50 vs 9.0±0.72, p=0.001).44

The results of an open-label randomised controlled trial 
indicated that the use of isCGM in patients with T2D 
on multiple insulin injections may improve treatment 
satisfaction and significantly reduce HbA1c levels without 
increased risk of hypoglycaemia.45 The change in HbA1c in 
the isCGM group vs the SMBG group was -0.82 percent vs 
-0.33 percent, respectively (p=0.005).

The results of another randomised trial demonstrated the 
benefit of rtCGM use in people with T2D who were not 
on prandial insulin, with HbA1c ≥7.0 percent but ≤12 
percent. HbA1c at 12 weeks declined significantly in the 
rtCGM group vs SMBG group (mean ± standard deviation, 
1.0%±1.1% vs 0.5%±0.8%, p=0.006). These results were 
achieved without an increase in in the number or dose of 
hypoglycaemic medications.46

The results of a prospective randomised trial in 57 people 
with T2D showed that rtCGM was also useful for PwD 
with poorly controlled T2D as a motivational device for 
modifying lifestyle patterns and could improve glycaemia 
when compared with SMBG.47 The level of HbA1c at Week 
12 in the rtCGM group significantly reduced compared with 
the SMBG group (mean ± standard deviation, 9.1±1.0% to 
8.0±1.2% vs 8.7±0.7% to 8.3±1.1%, p=0.004). There was 
a significant reduction in body weight (p=0.014) and body 
mass index (p=0.008) in the rtCGM group compared to 
baseline, and a significant increase in total exercise time per 
week in the rtCGM group vs the SMBG group (p=0.02). 
Also, the glycaemic variability significantly decreased in 
the rtCGM group after two months of use (p=0.004), and 
there was an improvement in the proportion of TIR (80-
250 mg/dL) for these PwD, although the difference was not 
statistically significant (p=0.07).

RATIONALISING THE USE OF CGM

The major limitation of using HbA1c or SMBG is the lack 
of a complete glycaemic picture, hence missing potential 
hypoglycaemia and postprandial hyperglycaemia when 
glucose variability is high.3 Since glucose variability can 
only be determined using CGM,3 it might be a challenge 
to identify PwD with high glucose variability in a clinical 
practice with limited access to CGM.4,6

Interestingly, a review of glucose variability across 
medication classes shows a clear progression from low to 
high glucose variability across medication classes of oral 
drugs without sulfonylureas (SUs), oral drugs such as SUs, 
basal-bolus insulins, and premixed insulins.48-51 People on 
premixed insulin have higher glucose variability than basal 
bolus insulin.52 The glucose variability is lowest in people 
on oral glucose-lowering medications without insulin and 
SU.48,49 This information can be used in clinical practice 
to identify PwD who are at risk of high glucose variability. 
The data suggest that an HbA1c of 7 percent portrays a 
higher probability of hypoglycaemia and hyperglycaemia 
(glucose variability) in PwD on premixed insulin therapy,52 
compared with those on oral, non-SU drugs without insulin 
who have low glucose variability.48 Thus, it is possible for 
healthcare providers to predict the likelihood of high 
glucose variability based on the type of medication used 
to treat diabetes. Other factors that increase the risk of 
hypoglycaemia include elderly age group29 and a high degree 
of physical activity without making necessary modifications 
to glucose-lowering medications.53,54

Awareness of these factors will help the clinician make an 
informed decision regarding the use of CGM among people 
with T2D to improve their glycaemia.

CONCLUSION

Clinicians should be aware of the limitations of using 
HbA1c as the sole basis for assessing glycaemia, with special 
considerations for conditions that affect RBC turnover or 
haemoglobin variants.3 In PwD with low glucose variability, 
diabetes management may be based on HbA1c targets 
alone. However, in PwD with likelihood of high glucose 
variability, structured SMBG or a CGM-based and TIR-
guided management plan should be used to improve 
glycaemia.

FUNDING AND ACKNOWLEDGEMENTS

Funding for the development of this article was provided by 
Abbott Diabetes Care, Singapore. Medical writing support 
was provided by Radhika Das Chakraborty, PhD, and 
Ehsan Kachooei, PhD, of Nucleus Global, in accordance 
with Good Publication Practice 2022 guidelines (https://
www.ismpp.org/gpp–2022).

T h e  S i n g a p o r e  F a m i l y  P h y s i c i a n  V o l  5 0 (6)  A p r  –  J u n  2 0 2 4  :  8



GLYCAEMIA BEYOND HBA1C: UNDERSTANDING THE LIMITATIONS OF HBA1C AND  
RATIONALISING THE USE OF CONTINUOUS GLUCOSE MONITORING TO OPTIMISE GLYCAEMIA IN TYPE 2 DIABETES

CONFLICTS OF INTEREST

Dr Suresh Rama Chandran has received speaker fees from 
Abbott, Medtronic, Dexcom, AstraZeneca, Boehringer 
Ingelheim, Sanofi, and Roche Diabetes Care. He has also 
participated in advisory board meetings for Dexcom and 
Medtronic.

REFERENCES

1.	 Phan TP, Alkema L, Tai ES, et al. Forecasting the burden of type 2 
diabetes in singapore using a demographic epidemiological model 
of singapore. BMJ Open Diabetes Res Care. 2014;2(1):e000012. 
doi: 10.1136/bmjdrc-2013-000012.

2.	 Epidemiology & Disease Control Division and Policy 
RSGMoHaHPB, Singapore. National population health survey 
2020 (household interview and health examination). 2020 
[Accessed February 2024]. Available from: https://www.moh.
gov.sg/docs/librariesprovider5/default-document-library/
nphs-2020-survey-report.pdf.

3.	 ElSayed NA, Aleppo G, Aroda VR, et al. 6. Glycemic targets: 
Standards of care in diabetes-2023. Diabetes Care. 2023;46(Suppl 
1):S97-S110. doi: 10.2337/dc23-S006.

4.	 Dagdelen S, Deyneli O, Dinccag N, et al. Expert panel 
recommendations for use of standardized glucose reporting 
system based on standardized glucometrics plus visual ambulatory 
glucose profile (agp) data in clinical practice. Front Endocrinol 
(Lausanne). 2021;12:663222. doi: 10.3389/fendo.2021.663222.

5.	 Martens TW. Roadmap to the effective use of continuous glucose 
monitoring in primary care. Diabetes Spectr. 2023;36(4):306-14. 
doi: 10.2337/dsi23-0001.

6.	 Twigg S, Lim S, Yoo SH, et al. Asia-pacific perspectives on the 
role of continuous glucose monitoring in optimizing diabetes 
management. J Diabetes Sci Technol. 2023:19322968231176533. 
doi: 10.1177/19322968231176533.

7.	 Fayyaz B, Rehman HJ, Minn H. Interpretation of hemoglobin a1c 
in primary care setting. J Community Hosp Intern Med Perspect. 
2019;9(1):18-21. doi: 10.1080/20009666.2018.1559432.

8.	 Hirsch IB. Introduction: History of glucose monitoring. Arlington 
(VA): American Diabetes Association2018. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK538968/.

9.	 Garg SK. Past, present, and future of continuous glucose 
monitors. Diabetes Technol Ther. 2023;25(S3):S1-S4. doi: 10.1089/
dia.2023.0041.

10.	 Little RR, Roberts WL. A review of variant hemoglobins interfering 
with hemoglobin a1c measurement. J Diabetes Sci Technol. 
2009;3(3):446-51. doi: 10.1177/193229680900300307.

11.	 Wright JJ, Hu JR, Shajani-Yi Z, et al. Use of continuous glucose 
monitoring leads to diagnosis of hemoglobin c trait in a patient 
with discrepant hemoglobin a1c and self-monitored blood 
glucose. AACE Clin Case Rep. 2019;5(1):e31-e4. doi: 10.4158/
ACCR-2018-0149.

12.	 Lorenzo-Medina M, De-La-Iglesia S, Ropero P, et al. Effects of 
hemoglobin variants on hemoglobin a1c values measured using a 
high-performance liquid chromatography method. J Diabetes Sci 
Technol. 2014;8(6):1168-76. doi: 10.1177/1932296814538774.

13.	 Herman WH, Cohen RM. Racial and ethnic differences in the 
relationship between hba1c and blood glucose: Implications for the 
diagnosis of diabetes. J Clin Endocrinol Metab. 2012;97(4):1067-
72. doi: 10.1210/jc.2011-1894.

14.	 Hudson PR, Child DF, Jones H, et al. Differences in rates of 
glycation (glycation index) may significantly affect individual hba1c 
results in type 1 diabetes. Ann Clin Biochem. 1999;36 ( Pt 4):451-
9. doi: 10.1177/000456329903600408.

15.	 Leslie RDG, Cohen RM. Biologic variability in plasma glucose, 
hemoglobin a1c, and advanced glycation end products associated 
with diabetes complications. Journal of Diabetes Science and 
Technology. 2009;3(4):635-43. doi: 10.1177/193229680900300403.

16.	 Leong A, Wheeler E. Genetics of hba1c: A case study in clinical 
translation. Curr Opin Genet Dev. 2018;50:79-85. doi: 10.1016/j.
gde.2018.02.008.

17.	 ElSayed NA, Aleppo G, Aroda VR, et al. 2. Classification and 
diagnosis of diabetes: Standards of care in diabetes-2023. Diabetes 
Care. 2023;46(Suppl 1):S19-S40. doi: 10.2337/dc23-S002.

18.	 Zhu NA, Reichert S, Harris SB. Limitations of hemoglobin a(1c) in 
the management of type 2 diabetes mellitus. Can Fam Physician. 
2020;66(2):112-4. PMID: 32060191; PMCID: PMC7021345. 

19.	 Scheinker D, Gu A, Grossman J, et al. Algorithm-enabled, 
personalized glucose management for type 1 diabetes at the 
population scale: Prospective evaluation in clinical practice. JMIR 
Diabetes. 2022;7(2):e27284. doi: 10.2196/27284

20.	 Chehregosha H, Khamseh ME, Malek M, et al. A view beyond 
hba1c: Role of continuous glucose monitoring. Diabetes Ther. 
2019;10(3):853-63. doi: 10.1007/s13300-019-0619-1.

21.	 Bailey TS, Alva S. Landscape of continuous glucose monitoring 
(cgm) and integrated cgm: Accuracy considerations. Diabetes 
Technol Ther. 2021;23(S3):S5-S11. doi: 10.1089/dia.2021.0236.

22.	 Villena Gonzales W, Mobashsher AT, Abbosh A. The progress 
of glucose monitoring-a review of invasive to minimally and 
non-invasive techniques, devices and sensors. Sensors (Basel). 
2019;19(4). doi: 10.3390/s19040800.

23.	 Ekhlaspour L, Mondesir D, Lautsch N, et al. Comparative accuracy 
of 17 point-of-care glucose meters. J Diabetes Sci Technol. 
2017;11(3):558-66. doi: 10.1177/1932296816672237.

24.	 Mian Z, Hermayer KL, Jenkins A. Continuous glucose monitoring: 
Review of an innovation in diabetes management. Am J Med Sci. 
2019;358(5):332-9. doi: 10.1016/j.amjms.2019.07.003.

25.	 American Diabetes Association Professional Practice C. 7. 
Diabetes technology: Standards of care in diabetes-2024. Diabetes 
Care. 2024;47(Suppl 1):S126-S44. doi: 10.2337/dc24-S007.

26.	 Rossetti P, Bondia J, Vehi J, et al. Estimating plasma glucose 
from interstitial glucose: The issue of calibration algorithms in 
commercial continuous glucose monitoring devices. Sensors 
(Basel). 2010;10(12):10936-52. doi: 10.3390/s101210936.

27.	 Galindo RJ, Aleppo G, Klonoff DC, et al. Implementation of 
continuous glucose monitoring in the hospital: Emergent 
considerations for remote glucose monitoring during the 
covid-19 pandemic. J Diabetes Sci Technol. 2020;14(4):822-32. doi: 
10.1177/1932296820932903.

28.	 Freckmann G, Mende J. Continuous glucose monitoring: 
Data management and evaluation by patients and health care 
professionals – current situation and developments. J Lab Med. 
2018;42(6):225-33. doi: doi:10.1515/labmed-2018-0311.

29.	 Kong APS, Lim S, Yoo SH, et al. Asia-pacific consensus 
recommendations for application of continuous glucose 
monitoring in diabetes management. Diabetes Res Clin Pract. 
2023;201:110718. doi: 10.1016/j.diabres.2023.110718.

30.	 Szmuilowicz ED, Aleppo G. Stepwise approach to continuous 
glucose monitoring interpretation for internists and 
family physicians. Postgrad Med. 2022;134(8):743-51. doi: 
10.1080/00325481.2022.2110507.

31.	 Battelino T, Danne T, Bergenstal RM, et al. Clinical targets 
for continuous glucose monitoring data interpretation: 
Recommendations from the international consensus on time in 
range. Diabetes Care. 2019;42(8):1593-603. doi: 10.2337/dci19-
0028.

32.	 Beck RW, Bergenstal RM, Cheng P, et al. The relationships between 
time in range, hyperglycemia metrics, and hba1c. J Diabetes Sci 
Technol. 2019;13(4):614-26. doi: 10.1177/1932296818822496.

33.	 Beck RW, Bergenstal RM, Riddlesworth TD, et al. Validation of 
time in range as an outcome measure for diabetes clinical trials. 
Diabetes Care. 2019;42(3):400-5. doi: 10.2337/dc18-1444.

34.	 Mohan V, Joshi S, Mithal A, et al. Expert consensus recommendations 
on time in range for monitoring glucose levels in people with 
diabetes: An indian perspective. Diabetes Ther. 2023;14(2):237-49. 
doi: 10.1007/s13300-022-01355-4.

35.	 Umpierrez GE, B PK. Glycemic variability: How to measure 
and its clinical implication for type 2 diabetes. Am J Med Sci. 
2018;356(6):518-27. doi: 10.1016/j.amjms.2018.09.010.

36.	 Danne T, Nimri R, Battelino T, et al. International consensus 
on use of continuous glucose monitoring. Diabetes Care. 
2017;40(12):1631-40. doi: 10.2337/dc17-1600.

T h e  S i n g a p o r e  F a m i l y  P h y s i c i a n  V o l  5 0 (6)  A p r  –  J u n  2 0 2 4  :  9



GLYCAEMIA BEYOND HBA1C: UNDERSTANDING THE LIMITATIONS OF HBA1C AND  
RATIONALISING THE USE OF CONTINUOUS GLUCOSE MONITORING TO OPTIMISE GLYCAEMIA IN TYPE 2 DIABETES

37.	 Lin YH, Huang YY, Chen HY, et al. Impact of carbohydrate on 
glucose variability in patients with type 1 diabetes assessed through 
professional continuous glucose monitoring: A retrospective 
study. Diabetes Ther. 2019;10(6):2289-304. doi: 10.1007/s13300-
019-00707-x.

38.	 Ibrahim SMH, Shahat EA, Amer LA, et al. The impact of using 
carbohydrate counting on managing diabetic patients: A review. 
Cureus. 2023;15(11):e48998. doi: 10.7759/cureus.48998.

39.	 Gardner D, Tan HC, Lim GH, et al. Relationship between cgm-
derived nocturnal hypoglycemia and subjective sleep quality 
in people with type 1 diabetes. Sci Rep. 2023;13(1):20887. doi: 
10.1038/s41598-023-47351-x.

40.	 Kim YI, Choi Y, Park J. The role of continuous glucose monitoring 
in physical activity and nutrition management: Perspectives on 
present and possible uses. Phys Act Nutr. 2023;27(3):44-51. doi: 
10.20463/pan.2023.0028.

41.	 Sheppard P, Bending JJ, Huber JW. Pre- and post-prandial capillary 
glucose self-monitoring achieves better glycaemic control than 
pre-prandial only monitoring. Prac Diab Int. 2005;22(1):15-22. doi: 
https://doi.org/10.1002/pdi.733.

42.	 Howard JY, Watts SA. Bolus insulin prescribing recommendations 
for patients with type 2 diabetes mellitus. Fed Pract. 2017 
Oct;34(Suppl 8):S26-S31. PMID: 30766313; PMCID: 
PMC6375528. 

43.	 Czupryniak L, Barkai L, Bolgarska S, et al. Self-monitoring of blood 
glucose in diabetes: From evidence to clinical reality in central 
and eastern europe--recommendations from the international 
central-eastern european expert group. Diabetes Technol Ther. 
2014;16(7):460-75. doi: 10.1089/dia.2013.0302.

44.	 Haak T, Hanaire H, Ajjan R, et al. Flash glucose-sensing technology as 
a replacement for blood glucose monitoring for the management 
of insulin-treated type 2 diabetes: A multicenter, open-label 
randomized controlled trial. Diabetes Ther. 2017;8(1):55-73. doi: 
10.1007/s13300-016-0223-6.

45.	 Yaron M, Roitman E, Aharon-Hananel G, et al. Effect of flash 
glucose monitoring technology on glycemic control and 
treatment satisfaction in patients with type 2 diabetes. Diabetes 
Care. 2019;42(7):1178-84. doi: 10.2337/dc18-0166.

46.	 Ehrhardt NM, Chellappa M, Walker MS, et al. The effect of real-
time continuous glucose monitoring on glycemic control in 
patients with type 2 diabetes mellitus. J Diabetes Sci Technol. 
2011;5(3):668-75. doi: 10.1177/193229681100500320.

47.	 Yoo HJ, An HG, Park SY, et al. Use of a real time continuous glucose 
monitoring system as a motivational device for poorly controlled 
type 2 diabetes. Diabetes Res Clin Pract. 2008;82(1):73-9. doi: 
10.1016/j.diabres.2008.06.015.

48.	 Lee H, Park SE, Kim EY. Glycemic variability impacted by sglt2 
inhibitors and glp 1 agonists in patients with diabetes mellitus: A 
systematic review and meta-analysis. J Clin Med. 2021;10(18). doi: 
10.3390/jcm10184078.

49.	 Uemura F, Okada Y, Torimoto K, et al. Enlarged glycemic variability 
in sulfonylurea-treated well-controlled type 2 diabetics identified 
using continuous glucose monitoring. Sci Rep. 2021;11(1):4875. 
doi: 10.1038/s41598-021-83999-z.

50.	 Testa MA, Gill J, Su M, et al. Comparative effectiveness of basal-
bolus versus premix analog insulin on glycemic variability and 
patient-centered outcomes during insulin intensification in type 
1 and type 2 diabetes: A randomized, controlled, crossover trial. 
J Clin Endocrinol Metab. 2012;97(10):3504-14. doi: 10.1210/
jc.2012-1763.

51.	 Monnier L, Colette C, Wojtusciszyn A, et al. Toward defining the 
threshold between low and high glucose variability in diabetes. 
Diabetes Care. 2017;40(7):832-8. doi: 10.2337/dc16-1769.

52.	 Wang H, Zhou Y, Wang Y, et al. Basal insulin reduces glucose 
variability and hypoglycaemia compared to premixed insulin in 
type 2 diabetes patients: A study based on continuous glucose 
monitoring systems. Front Endocrinol (Lausanne). 2022;13:791439. 
doi: 10.3389/fendo.2022.791439.

53.	 Lei M, Ling P, Ni Y, et al. The efficacy of glucose-responsive insulin 
and glucagon delivery on exercise-induced hypoglycaemia 
among adults with type 1 diabetes mellitus: A meta-analysis of 
randomized controlled trials. Diabetes Obes Metab. 2023. doi: 
10.1111/dom.15422.

54.	 Garcia-Tirado J, Brown SA, Laichuthai N, et al. Anticipation of 
historical exercise patterns by a novel artificial pancreas system 
reduces hypoglycemia during and after moderate-intensity 
physical activity in people with type 1 diabetes. Diabetes Technol 
Ther. 2021;23(4):277-85. doi: 10.1089/dia.2020.0516.

LEARNING POINTS

•	 CGM overcomes the challenges with other glucose measurement methods, such as HbA1c monitoring 
and SMBG, and the metrics associated with CGM (particularly TIR) provide a clear overview of the 
burden of hyperglycaemia and hypoglycaemia.

•	 CGM enables detection of postprandial hyperglycaemia and nocturnal hypoglycaemia (glucose 
variability) that are not detected by HbA1c and often missed with SMBG.

•	 The type of glucose-lowering medications in use predicts the risk of high glucose variability in PwD.

•	 CGM should be considered in PwD with high glucose variability or when nocturnal hypoglycaemia is 
suspected.
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