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What is Glycaemic Variability and which 
Pharmacological Treatment Options are Effective? 
A Narrative Review
Juan Miguel Huertas Cañas, Maria Alejandra Gomez Gutierrez and Andres Bedoya Ossa

Pontificia Universidad Javeriana, Bogotá, Colombia

Glycated haemoglobin is currently used for diagnosis and follow- up of diabetes mellitus. However, it has important limitations; as it 
only reflects the average glycaemia over the last 3 months, it does not allow the identification of crucial events, such as episodes of 
hypoglycaemia and hyperglycaemia. Strict control of hyperglycaemia can result in severe hypoglycaemia that can be life threatening 

and can have important sequelae. Recently, the concept of glycaemic variability has been developed to provide information about the 
magnitude of glycaemic excursions and the duration of these fluctuations. This new approach has the potential to improve outcomes, 
decrease the risk of hypoglycaemia, and decrease cardiovascular risk. This review describes the most commonly prescribed non- insulin 
anti- diabetic drugs for diabetes management, their mechanism of action, and the existing evidence about their effectiveness in improving 
glycaemic variability and diabetes control.

The incidence of diabetes has increased in recent years, and advances in technology have 

allowed for multiple ways to predict the outcomes of patients with diabetes, and have improved 

quality of life and lowered morbidity and mortality.1 For decades, glycated haemoglobin (HbA1c) 

has been used as a marker of long- term glycaemic control, and its usefulness as a predictor of 

complications in type 2 diabetes mellitus (T2D) was established in 1993 in the Diabetes Control 

and Complications Trial (DCCT).2,3 In 1999, the UK Prospective Diabetes Study (UKPDS) confirmed 

that reducing exposure to hyperglycaemia through intensive treatment with insulin or oral anti- 

diabetic drugs significantly reduced the incidence of complications in T2D.4 There is an important 

association between mortality and increased HbA1c; in the DCCT cohort, a 10% increase in 

HbA1c was associated with a 56% increase in mortality.5 Nevertheless, its use has considerable 

limitations, as it is an average of the behaviour of glycaemia over the last 3 months and does not 

highlight significant excursions. This implies that it has a low capacity to predict the risk of severe 

hypoglycaemia, which was demonstrated in the DCCT that concluded that only 8% of episodes 

can be predicted by parameters known at that time, including HbA1c.6 Additionally, significant 

glycaemic excursions, including those generated by aggressive treatment, affect cognitive function, 

quality of life, cardiovascular disease and all- cause mortality.7,8 This attempt to optimize treatment 

has been described as a trade- off between glycaemic control and iatrogenic hypoglycaemia.9,10 

In this context, measuring glycaemic variability (GV) represents a way to achieve treatment goals 

while avoiding the risks associated with both severe hypoglycaemia and prolonged exposure to 

hyperglycaemia.11

GV is defined as the measure of fluctuations in glucose or other parameters of glycaemic 

homeostasis over a given period. Although GV was initially approximated based on self- monitoring 

glucose measurements, these values represented a limited profile of glycaemic behaviour.11 With 

the advent of technologies such as continuous glucose monitoring (CGM), it is possible to obtain 

a more complete record and measure blood glucose at 5- minute intervals and overnight.12 CGM 

has proven useful for optimizing treatment in patients with diabetes, with multiple options to 

measure it, including real- time flash and professional.13,14 A wide repertoire of methods is currently 

used to assess GV, representing in some cases its short- term or long- term behaviour. Short- term 

GV refers to glucose fluctuations during the day that are usually measured with a CGM system, 

from which data, including the standard deviation (SD) of the average glycaemia, the coefficient of 

variation (CV) and the mean amplitude of glycaemic excursions (MAGE), are obtained.12 Although 

there are more complex ways to assess short- term GV, they are rarely used in clinical practice.12 

Long- term GV refers to fluctuations in blood glucose over months to years. This is based on serial 

measurements of Hb1Ac, fasting blood glucose (FBG) and/or post- prandial blood glucose, from 

which the SD and CV are calculated.15,16
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GV has been linked to unfavourable outcomes in patients with diabetes, 

specifically regarding the pathophysiological implications of high 

GV.16–19 Glycaemia oscillations are associated with the microvascular 

and macrovascular complications frequently observed in patients 

with diabetes. Macrovascular complications include coronary artery 

disease, cerebrovascular disease and peripheral vascular disease, 

whereas microvascular complications include neuropathy, retinopathy, 

nephropathy and lower limb ischaemia.20,21 Multiple studies indicate 

that fluctuations in glycaemia generate oxidative stress and activate 

the inflammatory cascade, which is more deleterious than sustained 

hyperglycaemia in the long term22–24 and occurs rather early in the course 

of the disease.25–27 The mechanism responsible is suspected to be an 

increased activation of nicotinamide adenine dinucleotide phosphate 

(NADPH) oxidase resulting in excessive production of reactive oxygen 

species, oxidative DNA damage and decreased superoxide dismutase 

activity.28 Additionally, GV contributes to the inflammatory response, 

with evidence that increased GV results in increased expression of 

proinflammatory mediators, including interleukin- 6 and tumour necrosis 

factor α, compared with sustained hyperglycaemia.29 Fluctuations 

in glycaemia also affect nitric oxide synthesis30 and may suppress 

endothelial protective mechanisms against glycotoxicity- induced 

damage.31 The aforementioned mechanisms and the increased risk for 

hypoglycaemia implicates GV as a key factor in the development and 

progression of most complications associated with T2D.12,32

Despite this, there are no clearly defined reference values for GV. 

Possibilities include SD, CV, interquartile range, MAGE, mean absolute 

relative difference (MARD) and mean inter- day risk range; these allow 

us to determine which patients have stable glycaemic control and 

which have labile control.16 Among these, CV stands out since there 

is a consensus that establishes normal values. CV correlates with the 

risk of hypoglycaemia and is clinically useful as an indicator of GV. GV is 

considered stable when the CV is <36%, whereas CV values >36% indicate 

a labile GV and predict a high probability of a severe hypoglycaemia 

episode in the next 6 months.33

Recently, the time in range (TIR) metric was identified, which is defined 

as the percentage of time in which blood glucose is in a given range.20,34 

In 2017, the Advanced Technologies and Treatments for Diabetes group 

reached a consensus to standardize the use of CGM;33 before this, 

different ranges were used, affecting comparison between studies. In 

general terms, the consensus established the following goals: >70% 

of a day with blood glucose 70–180 mg/dL (3.9–10.0 mmol/L), <4% at 

<70 mg/dL (3.9 mmol/L), <1% at <54 mg/dL (3.0 mmol/L), <25% at >180 

mg/dL (10.0 mmol/L) and <5% at >250 mg/dL (13.9 mmol/L).35 There are 

individualized goals according to age group, clinical profile and other 

variables, but these are not the subject of this article.

Considering the above, GV needs to be added to the tools for controlling 

T2D, making it imperative to gain a comprehensive understanding of the 

impact that existing pharmaceutical interventions have on GV.

Materials and methods
This article is a narrative review in which a literature search of articles in 

English and Spanish was carried out using PubMed, Medline and Embase 

databases. The following search key was used: (("glycemic variability") 

AND (type 2 diabetes mellitus)) AND (metformin); (("glycemic variability") 

AND (type 2 diabetes mellitus)) AND (sulfonylurea compounds); 

(("glycemic variability") AND (type 2 diabetes mellitus)) AND (dipeptidyl 

peptidase four inhibitors); (("glycemic variability") AND (type 2 diabetes 

mellitus)) AND ("sodium- glucose transporter two inhibitors"); (("glycemic 

variability") AND (type 2 diabetes mellitus)) AND (glucagon- like peptide 

one agonist); ((voglibose) OR (acarbose)) OR (miglitol)) OR (alpha- 

glucosidase inhibitors)) AND (type 2 diabetes mellitus)) AND (glycemic 

variability); (("glycemic variability") AND (type 2 diabetes mellitus)) AND 

(insulin).

Only articles that explicitly addressed GV as one of the study variables 

and evaluated the response to treatment in patients with T2D were 

included. Articles evaluating drugs of interest ranging from 2008 to 

2022 and that used monotherapy or reference treatment (metformin, 

insulin) as comparison were included. Articles prior to this time period 

were taken into account to consider the historical process of diabetes 

treatment and follow- up. All articles referenced through the descriptors 

were analysed and coded independently by two investigators, who read 

each article at least twice. No patient data was used and no interventions 

were performed.

Results and discussion
Insulin
Insulin therapy is a cornerstone of diabetes management, particularly 

for patients with type 1 diabetes (T1D) and those with inadequately 

controlled T2D. Fast- acting insulin, such as lispro and aspart, are typically 

administered before meals to control post- prandial hyperglycaemia. 

Meanwhile, basal- like insulins, such as degludec and glargine, provide a 

more stable and prolonged glycaemic control by mimicking endogenous 

insulin secretion that occurs between meals and during overnight fasting. 

By reducing fluctuations in blood glucose levels, basal- like insulins help 

lower GV, which is a crucial factor in preventing the acute and chronic 

complications of diabetes.20,36 Moreover, new generation basal- like 

insulins have been associated with a lower risk of hypoglycaemia and 

nocturnal hypoglycaemia compared with older- generation insulins.37

Yang et al. compared degludec with glargine and concluded that 

degludec was superior to glargine in reducing FBG variability in both T1D 

and T2D; degludec had a longer TIR than glargine 100 units but not longer 

than glargine 300 units.38 For other indicators of blood glucose variation, 

including SD, MAGE, mean blood glucose (MBG) and CV, no significant 

differences were identified between degludec and glargine.38 Vrebalov 

et al. concluded that there was no statistically significant difference in 

GV between degludec 100 units and glargine 300 units on parameters 

such as SD, MBG and CV.39 Oe et al. compared degludec + liraglutide 

versus a dipeptidyl peptidase 4 (DPP4) inhibitor + basal insulin; MAGE 

significantly decreased from 74.9 mg/dL (95% CI,60.3–97.7; p<0.05) to 

64.8 mg/dL (95% CI, 52.0–78.2; p<0.05) in the degludec + liraglutide 

group, resulting in a better control of GV compared with the DPP- 4 + 

basal insulin group.36

Basal- like insulins are a valuable treatment option for patients who require 

intensive glycaemic control while minimizing the risk of hypoglycaemia. 

However, the choice of insulin therapy should be individualized to each 

patient, taking into account factors such as age and comorbidities, and 

should be accompanied by comprehensive diabetes education and 

regular monitoring.40,41

Metformin
Metformin is one of the most prescribed anti- diabetic drugs, and 

is considered the ideal initial therapy for patients with T2D due to its 

low cost, safety profile with low risk of hypoglycaemia, and favourable 

evidence in cardiovascular protection.42 Metformin lowers serum 

glucose through various mechanisms such as reducing hepatic glucose 

production by inhibiting gluconeogenesis and glycogenolysis, improving 
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insulin sensitivity in skeletal muscle, and reducing intestinal glucose 

absorption.43,44

Pistrosch et al. compared insulin glargine versus metformin as first- 

line treatments in 75 patients with newly diagnosed T2D, evaluating GV, 

microvascular function and β cell function.45 In patients in the glargine 

group, fasting glycaemia decreased and β cell function improved, 

established by the post- prandial pro- insulin/C- peptide ratio. Regarding 

GV, the group receiving insulin glargine had greater fluctuations in 

glycaemia, expressed as MAGE and SD, showing that metformin 

decreases GV compared with insulin glargine.45

González- Heredia et al. studied the effect of linagliptin versus metformin 

on GV in a group of 16 patients with impaired glucose tolerance, 

following both groups for 3 months.46 The linagliptin group showed better 

glycaemic control when assessed by oral glucose tolerance. In regards 

to GV, there was no significant difference between groups.46 Takahashi et 

al. studied a group of Japanese patients and compared the use of high- 

dose metformin (HMET) as monotherapy (1,500 mg) versus low- dose 

metformin (750 mg) in combination with linagliptin (LMET + DPP4), and 

excluded patients with insulin treatment.47 Both groups were assessed 

by CGM and no clinically significant episodes of hypoglycaemia were 

observed. There was a lower post- prandial area under the curve (AUC) 

(p=0.041) in post- prandial glycaemic excursions in the LMET + DPP4 

group compared with the HMET group. No significant between- group 

difference was observed in MAGE or SD.47

Difficulties were encountered during the literature search regarding 

the effect of metformin on GV because most of the studies compared 

metformin in combination with another oral anti- diabetic drug and 

few studies evaluated monotherapy. Since metformin is the standard 

treatment in T2D, research that met the criteria outlined in the Materials 

and Methods was limited, partly due to the difficulty of comparing against 

placebo and due to the high prevalence of metformin as initial treatment.

Dipeptidyl peptidase 4 inhibitors
DPP4 inhibitors are incretin derivatives that inhibit the enzyme that 

degrades glucagon- like peptide 1 (GLP- 1), thereby increasing GLP- 1 and 

gastric inhibitory peptide. This, in turn, increases β cells' sensitivity and 

suppresses glucagon secretion.48 The risk of hypoglycaemia with DPP4 

inhibitors is low due to their mechanism of action being mediated by 

GLP- 1,48 which also allows its use as combination therapy.49 Although 

DPP4 inhibitors increase GLP- 1 concentration, there are no changes 

in gastric emptying or gastric accommodation, which is an important 

difference from GLP- 1 analogues.50 Although the mechanism is unknown, 

it is likely that DPP4 inhibitors decrease incretin secretion due to negative 

feedback on neuroendocrine cells.50

Kim et al. studied the effects of vildagliptin on GV, oxidative stress and 

endothelial parameters (urinary 8- iso- prostaglandin F2α and flow- 

mediated endothelial dilatation) in patients with poorly controlled T2D 

on metformin monotherapy. Vildagliptin significantly improved glycaemic 

control and reduced GV reflected in the MAGE and mean of daily 

differences (MODD).51

Nishimura et al. compared the effect of trelagliptin and alogliptin on GV 

in 27 patients with T2D, finding a post- prandial decrease in the AUC of 

-31.2 mg/dL min (95% CI, -105.8 to +43.3) in the trelagliptin group, and

an increase of +0.4 mg/dL min (95% CI, -0.4, + 1.1) in the alogliptin group

on day 22. The AUC for glycaemia <70 mg/dL was 0 on day 28 for both

groups.52

Butaeva et al. compared carbohydrate metabolism markers such as 

HbA1c, FBG and post- prandial serum glucose, and GV in 51 patients with 

poorly controlled T2D on metformin monotherapy. The markers were 

compared before and after adding sitagliptin 100 mg/day or gliclazide 

modified release 60 mg/day for 3 months.53 The sitagliptin + metformin 

group obtained better results than the gliclazide + metformin group 

in the aforementioned markers, highlighting a significant reduction in 

MAGE and SD, reflecting a decrease in GV.53

Kim et al. studied patients with poorly controlled T2D on metformin 

monotherapy who were assigned to either vildagliptin or pioglitazone for 

16 weeks and using CGM.54 Although there was no reduction in oxidative 

stress markers, there was a statistically significant reduction in GV in 

patients who received vildagliptin (MAGE from 93.8 ± 38.0 mg/dL to 70.8 

± 19.2 mg/dL; p=0.046).54 Tan et al. evaluated the effect on GV of adding 

DPP4 inhibitors to premixed human insulin in patients with T2D, finding 

an increase in TIR and decreases in SD and MAGE.55

Difficulties were encountered during the literature search regarding 

the effect of DPP4 inhibitors on GV because no studies evaluated 

monotherapy versus placebo, and very few compared drugs within the 

same pharmacological group or with reference drugs for the treatment 

of T2D, such as metformin or insulin. DPP4 inhibitors have a satisfactory 

effect on GV with an adequate level of evidence.

Sulphonylureas
Sulphonylureas close adenosine triphosphate- sensitive potassium 

channels, which eventually stimulates insulin release.56 First- generation 

sulphonylureas, such as tolbutamide, are associated with weight gain, 

severe hypoglycaemia, mortality, cardiovascular events and dementia.57 

Newer extended- release sulphonylureas are safer due to the reduced 

risk of hypoglycaemia.56

Kohnert et al. studied 59 patients with T2D treated with metformin, 

sulphonylureas, a combination of these two, or lifestyle modifications.58 

Sulphonylureas were associated with a longer time in hyperglycaemia 

(10.3 versus 0.9 h/day; p<0.001) when compared with diet alone, 

with no significant differences regarding hypoglycaemia. The pooled 

sulphonylurea and metformin group had a higher MAGE (5.7 mmol/L 

versus 3.6 mmol/L; p≤0.001) when compared with lifestyle modifications 

alone.58 On the other hand, Uemura et al. evaluated 123 hospitalized 

patients with a TIR >70% to determine the risk of hypoglycaemia in 

patients with apparent good metabolic control, with or without the use 

of sulphonylureas.59 An association was observed between the use of 

sulphonylureas and greater GV, increasing the %CV by 2.678 (95% CI, 

0.211–5.145). In addition, time below range (glycaemia <54 mg/dL) was 

higher in the sulphonylurea group (0.22% versus 0.00%; p=0.048) and 

high- dose sulphonylureas were associated with sustained episodes of 

severe hypoglycaemia (β=0.487; p=0.028).59

Difficulties were encountered in analysing the effect of sulphonylureas 

on GV, since most of the included studies compared sulphonylureas 

versus another oral anti- diabetic drug. An adequate level of evidence 

indicates that sulphonylureas tend to increase GV. We suggest the use of 

other oral anti- diabetic drugs.

Sodium–glucose cotransporter 2 inhibitors
Sodium–glucose cotransporter 2 (SGLT2) inhibitors inhibit a transport 

protein thereby increasing urinary glucose excretion, which, in turn, 

lowers glycaemia.60 SGLT2 inhibitors are useful in T2D as combination 

therapy with other oral anti- diabetic drugs and insulins to decrease GV 



19

Review Diabetes

touchREVIEWS in Endocrinology

and improve TIR.60 Additionally, SGLT2 inhibitors play an important role in 

increasing β cell mass and decreasing insulin doses required to achieve 

control.60

Henry et al. compared the impact of dapagliflozin versus placebo on the 

24h glycaemic profile in adults with poor glycaemic control who were 

being treated with stable doses of insulin (≥30 U/day) or metformin 

(≥1,500 mg/day).61 An 18.2 mg/dL reduction in MBG, an increase in TIR 

of69.6%, and a reduction in GV was observed in the dapagliflozin group.61

SGLT2 inhibitors improve TIR and serum glucose levels without increasing 

episodes of hypoglycaemia,24 as suggested by Luo et al.60 When 

evaluating the effect of adding a dapaglifozin to insulin glargine and oral 

anti- diabetic therapy, there was a significant decrease in HbA1c, FBG, 

MBG, MAGE and hyperglycaemic excursions, together with an increase 

in TIR and a decrease in insulin doses required, without a statistically 

significant increase in hypoglycaemia episodes.60 A randomized 

controlled trial studying dapaglifozin as add- on therapy to insulin 

concluded that dapaglifozin reduced glucose levels but not glucose 

variability.62

There is controversial evidence that dapaglifozin improves GV, and 

there is insufficient evidence in order to make a conclusive statement in 

regards to SGLT2 inhibitors as a group.

Glucagon-like peptide 1 agonists
A better understanding of the incretin system has allowed development 

of new therapies in T2D, such as GLP- 1 receptor agonists, which stimulate 

the release of insulin in the post- prandial period.48 Endogenous GLP- 1 

is released into the bloodstream and rapidly degraded by the enzyme 

DPP4, therefore a molecule with similar action and longer half- life was 

developed.48 In addition to its insulinotropic effects, GLP- 1 agonists 

significantly reduce body weight,63–65 which is fundamental considering 

90% of patients with T2D are overweight or obese.66 There are currently 

several GLP- 1 agonists available, which are divided into two categories: 

GLP- 1 mimetics (natides) and receptor analogues (glutides). Glutides 

include drugs such as dulaglutide, semaglutide and liraglutide, which are 

administered subcutaneously.48

In a group of 68 patients with newly diagnosed T2D and a body mass 

index of 25−35 kg/m2, Li et al. evaluated the effect of insulin + liraglutide 

versus insulin monotherapy on GV, measured by the flash system.67 They 

observed a significant decrease in GV according to SD, CV and MAGE, 

and in oxidative stress markers in the liraglutide combination therapy 

group.67 Probstfield et al. obtained similar results in 102 patients with 

high cardiovascular risk, comparing insulin alone versus combination 

therapy of insulin and exenatide, with an improvement in mean CV 

(-2.4 versus 0.4; p=0.047).68 A meta- analysis assessing the efficacy 

of liraglutide on GV evaluated SD, MAGE and other parameters, and 

concluded that liraglutide was associated with lower GV (MAGE: I2=92%, 

p<0.01; Z=11.91, p<0.01; mean difference =-2.78, 95% CI -3.24 to -2.32; 

and SD: I2=93%, p<0.01; Z=3.62, p<0.01; standardized mean difference 

=-1.77, 95% CI -2.73 to -0.81).69

When comparing the addition of exenatide or placebo to metformin, 

Frías et al. observed that exenatide once weekly, compared with placebo, 

reduced MAGE (change from baseline: -15.12 mg/dL versus 2.88 mg/dL, 

respectively) and SD (change from baseline: -6.30 mg/dL versus 0.72 

mg/dL, respectively).70 The exenatide group remained euglycaemic for 

longer (TIR 77% versus placebo 58%) with less time in hyperglycemia 

when compared with the placebo group (time in hyperglycemia of 22% 

versus 48%, respectively) and a similar time in hypoglycaemia (0.7% 

versus 0.3%, respectively).70 Umpierrez et al. compared the addition of 

lixisenatide versus placebo to basal insulin therapy.71 In 1,198 patients, 

there was a statistically significant reduction in SD in the lixisenatide 

group versus the placebo group (81.45 mg/dL versus 68.13 mg/dL).71 

Moreover, when evaluating exenatide versus insulin glargine, McCall 

et al. identified a statistically significant decrease in mean daily risk 

(exenatide 16.33 ± 0.45 versus glargine 18.54 ± 0.49; p=0.001) with 

exenatide, mean daily risk being a parameter derived from glycaemic 

self- monitoring that quantifies the risk of glycaemic excursions.72 

However, a randomized controlled study in China of patients treated 

with metformin, who additionally received exenatide or insulin glargine, 

reported a similar efficacy between these two drugs, though weight 

reduction was greater in the exenatide group.73 Regarding patients 

with cardiovascular comorbidities, Olmo- Garcia et al. compared insulin 

glargine with liraglutide (with insulin aspart as a corrective), finding a 

statistically significant decrease in GV determined by CV (liraglutide 

20.98% versus glargine 25.48%) and SD (liraglutide 25.48 versus glargine 

34.37) in the liraglutide group.74

In essence, the literature currently supports the use of GLP- 1 agonists for 

controlling GV in T2D, being superior to the active comparator in most 

cases, in addition to benefits in weight reduction and cardiovascular 

risk.75,76

α-Glucosidase inhibitors
α-Glucosidase inhibitors impede the absorption of carbohydrates from 

the small intestine by competitive inhibition. α-Glucosidase inhibitors 

delay digestion and absorption of carbohydrates, resulting in a slower 

and less pronounced rise in post- prandial glycaemia.77 They are not 

associated with hypoglycaemia.78

When comparing acarbose with metformin in patients with T2D using 

premixed insulin for 12 weeks, a significant improvement in GV indices 

was observed in both groups.79 However, the acarbose group showed 

a more pronounced change from baseline in CV (26.3% versus 11.9%, 

respectively; p=0.022), MAGE (40.5% versus 25.2%, respectively; 

p=0.007) and SD (38.6% versus 30.1%, respectively; p=0.041) than the 

metformin group.79 In another study, patients inadequately controlled 

with metformin + vildagliptin were randomized to either placebo or 

acarbose as add- on therapy, and assessed by CGM.80 MBG was 20 mg/

dL lower in the acarbose group (p<0.05), particularly during the post- 

prandial period. AUC >180 mg/dL was 40% lower in the acarbose group, 

time >180 mg/dL was significantly higher in the placebo group (31% 

versus 8%, respectively; p<0.01) and MAGE was 20 mg/dL lower in the 

acarbose group.80

Acarbose improves GV. Additionally, combining an α-glucosidase inhibitor 

to decrease post- prandial glycaemia, and metformin to reduce FBG, may 

have a complementary effect. Existing literature supports the use of 

α-glucosidase inhibitors for reducing Hb1Ac, weight81–83 and risk of major 

adverse cardiovascular events.84,85 However, there is limited evidence 

that evaluates GV through indices previously mentioned in this article, 

suggesting that future studies should use these indicies to accurately 

observe effects on GV and compare pharmacological treatment options.

Conclusion
It is clear that GV affects important goals of diabetes control (Hb1Ac, 

weight and hypoglycaemia), as well as the outcomes associated with 

glycaemic excursions. Glycaemic control in patients who are treated 

with insulin therefore must go beyond the classic control of glycaemic 
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goals, and ensure the lowest GV. In T2D, concomitant non- insulin therapy 

may offer an alternative to mitigate the variability caused by insulin in 

susceptible patients. Based on the evidence presented in this review, it 

becomes evident that sulphonylureas play a deleterious role in terms of 

GV, while metformin appears to have a neutral effect. Among the options 

mentioned above, DPP4 inhibitors, GLP- 1 agonists and SGLT2 inhibitors 

demonstrate promising effectiveness in managing GV. Table 1 illustrates 

the main differences and impact on variability between these oral anti- 

diabetic drugs. Based on currently available information, establishing 

a relevant role for any specific group is challenging, identifying a gap 

in our understanding of GV and its treatment. highlighting a gap in our 

understanding of GV and its treatment. q

Table 1: Summary of impact of oral anti- diabetic drugs on glycaemic variability

Pharmacological 
group

Anti- diabetic 
action

Mechanism of 
action

Route of 
administration

Impact on 
variability Literature findings

Insulins Hypoglycaemic Binding of the insulin 
receptor

Subcutaneous, 
intravenous

Increases Supports the use of 2nd- generation basal- like insulins, such as 
insulin degludec- 100 and insulin glargine- 300, as they provide 
stable and prolonged glycaemic control.39 Furthermore, they 
significantly reduce GV, as evidenced by a decrease in MAGE 
from 74.9 mg/dL (95% CI, 60.3–97.7) to 64.8 mg/dL (95% CI, 
52.0–78.2) (p<0.05) when comparing from insulin degludec + 
DPP4 inhibitor to insulin degludec + liraglutide, and reduce risk 
of hypoglycaemia.36

Biguanides Anti- 
hyperglycaemic

Mitochondrial, 
intracellular anti- 
gluconeogenic 
effects, decreases 
insulin resistance

Oral Neutral No comparisons with placebo were identified due to the 
widespread use of metformin as a standard treatment in most 
glycaemic control protocols. The research reviewed did not 
show any statistically significant differences in GV measured by 
MAGE and SD.

Sulphonylureas Hypoglycaemic Secretagogue Oral Increases Increase GV and hypoglycaemia. Therefore, it is recommended 
to consider other oral anti- diabetic drugs for glycaemic 
control.57–59

DPP4 inhibitors Anti- 
hyperglycaemic

Incretins Oral Decreases Significantly reduce GV (MAGE from 93.8 ± 38.0 mg/dL to 70.8 ± 
19.2 mg/dL after treatment; p=0.046) with an adequate level of 
evidence.54

GLP- 1 receptor 
agonists

Anti- 
hyperglycaemic

Incretins Subcutaneous Decreases Supports their use for T2D control in terms of GV as exenatide 
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DPP4 = dipeptidyl peptidase- 4; GLP- 1 = glucagon- like peptide 1; GV = glycaemic variability; HbA1c = glycated haemoglobin; MAGE = mean amplitude of glycaemic excursion; SD = 
standard deviation; SGLT2 = sodium–glucose cotransporter- 2; T2D = type 2 diabetes mellitus.

 1. Trikkalinou A, Papazafiropoulou AK, Melidonis A. Type 2 
diabetes and quality of life. World J Diabetes. 2017;8:120–9. DOI: 
10.4239/wjd.v8.i4.120.

 2. Nathan DM. Diabetes control and complications trial (DCCT): 
Results of feasibility study. The DCCT Research Group. Diabetes 
Care. 1987;10:1–19. DOI: 10.2337/diacare.10.1.1

 3. Diabetes Control and Complications Trial Research Group, 
Nathan DM, Genuth S, et al. The effect of intensive treatment 
of diabetes on the development and progression of long- term 
complications in insulin- dependent diabetes mellitus. DOI: 
10.1056/NEJM199309303291401.

 4. King P, Peacock I, Donnelly R. The UK prospective diabetes 
study (UKPDS): Clinical and therapeutic implications for 
type 2 diabetes. Br J Clin Pharmacol. 1999;48:643–8. DOI: 
10.1046/j.1365-2125.1999.00092.x

 5. Diabetes Control and Complications Trial (DCCT)/Epidemiology 
of Diabetes Interventions and Complications (EDIC) Study 
Research Group. Mortality in type 1 diabetes in the DCCT/EDIC 
versus the general population. Diabetes Care. 2016;39:1378–83. 
DOI: 10.2337/dc15-2399

 6. Kovatchev BP. Metrics for glycaemic control — From HbA1c 
to continuous glucose monitoring. Nat Rev Endocrinol. 
2017;13:425–36. DOI: 10.1038/nrendo.2017.3

 7. Gotto A, Bailey K, Gohdes D, et al. Effects of intensive glucose 
lowering in type 2 diabetes. N Engl J Med. 2008;358:2545–59. 
DOI: 10.1056/NEJMoa0802743

 8. Cox D, Gonder- Frederick L, McCall A, et al. The effects of 
glucose fluctuation on cognitive function and QOL: The 
functional costs of hypoglycaemia and hyperglycaemia among 

adults with type 1 or type 2 diabetes. Int J Clin Pract Suppl. 
2002;20–6.

 9. Cryer PE. Glycemic goals in diabetes: Trade- off between 
glycemic control and iatrogenic hypoglycemia. Diabetes. 
2014;63:2188–95. DOI: 10.2337/db14-0059

 10. Cryer PE. Mechanisms of hypoglycemia- associated autonomic 
failure in diabetes. N Engl J Med. 2013;369:362–72. DOI: 
10.1056/NEJMra1215228

 11. Umpierrez GE, P Kovatchev B. Glycemic variability: How to 
measure and its clinical implication for type 2 diabetes. Am J 
Med Sci. 2018;356:518–27. DOI: 10.1016/j.amjms.2018.09.010

 12. Ceriello A, Monnier L, Owens D. Glycaemic variability in 
diabetes: Clinical and therapeutic implications. Lancet Diabetes 
Endocrinol. 2019;7:221–30. DOI: 10.1016/S2213-8587(18)30136-
0

 13. Longo R, Sperling S. Personal versus professional continuous 
glucose monitoring: When to use which on whom. Diabetes 
Spectr. 2019;32:183–93. DOI: 10.2337/ds18-0093

 14. Mamkin I, Ten S, Bhandari S, Ramchandani N. Real- time 
continuous glucose monitoring in the clinical setting: The good, 
the bad, and the practical. J Diabetes Sci Technol. 2008;2:882–9. 
DOI: 10.1177/193229680800200520

 15. Yu JH, Han K, Park S, et al. Effects of long- term glycemic 
variability on incident cardiovascular disease and mortality 
in subjects without diabetes: A nationwide population- based 
study. Medicine (Baltimore). 2019;98:e16317. DOI: 10.1097/
MD.0000000000016317

 16. Zhou Z, Sun B, Huang S, et al. Glycemic variability: Adverse 
clinical outcomes and how to improve it? Cardiovasc Diabetol. 
2020;19:102. DOI: 10.1186/s12933-020-01085-6

 17. Saisho Y. Glycemic variability and oxidative stress: A link 
between diabetes and cardiovascular disease? Int J Mol Sci. 
2014;15:18381–406. DOI: 10.3390/ijms151018381

 18. Timmons JG, Cunningham SG, Sainsbury CAR, Jones 
GC. Inpatient glycemic variability and long- term 
mortality in hospitalized patients with type 2 diabetes. J 
Diabetes Complications. 2017;31:479–82. DOI: 10.1016/j.
jdiacomp.2016.06.013

 19. Echouffo- Tcheugui JB, Zhao S, Brock G, et al. Visit- to- visit 
glycemic variability and risks of cardiovascular events 
and all- cause mortality: The ALLHAT study. Diabetes Care. 
2019;42:486–93. DOI: 10.2337/dc18-1430

 20. Sun B, Luo Z, Zhou J. Comprehensive elaboration of glycemic 
variability in diabetic macrovascular and microvascular 
complications. Cardiovasc Diabetol. 2021;20:9. DOI: 10.1186/
s12933-020-01200-7

 21. Liang S, Yin H, Wei C, et al. Glucose variability for
cardiovascular risk factors in type 2 diabetes: A meta- analysis. 
J Diabetes Metab Disord. 2017;16:45. DOI: 10.1186/s40200-017-
0323-5

 22. Ge QM, Dong Y, Zhang HM, Su Q. Effects of intermittent high 
glucose on oxidative stress in endothelial cells. Acta Diabetol. 
2010;47:97–103. DOI: 10.1007/s00592-009-0140-5

 23. Sun J, Xu Y, Sun S, et al. Intermittent high glucose enhances 
cell proliferation and VEGF expression in retinal endothelial 
cells: The role of mitochondrial reactive oxygen species. Mol 



21

Review Diabetes

touchREVIEWS in Endocrinology

Cell Biochem. 2010;343:27–35. DOI: 10.1007/s11010-010-0495-
5

 24. Sun J, Xu Y, Dai Z, Sun Y. Intermittent high glucose stimulate 
MCP- l, IL- 18, and PAI- 1, but inhibit adiponectin expression 
and secretion in adipocytes dependent of ROS. Cell Biochem 
Biophys. 2009;55:173–80. DOI: 10.1007/s12013-009-9066-3

 25. Kusunoki Y, Konishi K, Tsunoda T, Koyama H. Significance 
of glycemic variability in diabetes mellitus. Intern Med. 
2022;61:281–90. DOI: 10.2169/internalmedicine.8424-21

 26. Brownlee M. Biochemistry and molecular cell biology of 
diabetic complications. Nature. 2001;414:813–20. DOI: 
10.1038/414813a

 27. Monnier L, Mas E, Ginet C, et al. Activation of oxidative stress 
by acute glucose fluctuations compared with sustained 
chronic hyperglycemia in patients with type 2 diabetes. JAMA. 
2006;295:1681–7. DOI: 10.1001/jama.295.14.1681

 28. Klimontov VV, Saik OV, Korbut AI. Glucose variability: How does 
it work? Int J Mol Sci. 2021;22:7783. DOI: 10.3390/ijms22157783

 29. Li- bo Y, Wen- bo Q, Xiao- hong L, et al. Intermittent high 
glucose promotes expression of proinflammatory cytokines in 
monocytes. Inflamm Res. 2011;60:367–70. DOI: 10.1007/s00011-
010-0279-0

 30. Liao J, Lei M, Chen X, Liu F. Effect of intermittent high 
glucose on synthesis of nitric oxide in human umbilical vein 
endothelial cells and its mechanism. Zhong Nan Da Xue Xue 
Bao Yi Xue Ban. 2010;35:295–300. DOI: 10.3969/j.issn.1672-
7347.2010.04.003

 31. Kuricová K, Pácal L, Šoupal J, et al. Effect of glucose variability 
on pathways associated with glucotoxicity in diabetes: 
Evaluation of a novel in vitro experimental approach. Diabetes 
Res Clin Pract. 2016;114:1–8. DOI: 10.1016/j.diabres.2016.02.006

 32. Beck RW, Connor CG, Mullen DM, et al. The fallacy of average: 
How using HbA1c alone to assess glycemic control can be 
misleading. Diabetes Care. 2017;40:994–9. DOI: 10.2337/dc17-
0636

 33. Danne T, Nimri R, Battelino T, et al. International consensus 
on use of continuous glucose monitoring. Diabetes Care. 
2017;40:1631–40. DOI: 10.2337/dc17-1600

 34. Kalra S, Shaikh S, Priya G, et al. Correction to: Individualizing 
time- in- range goals in management of diabetes mellitus and 
role of insulin: Clinical insights from a multinational panel. 
Diabetes Ther. 2021;12:2627–9. DOI: 10.1007/s13300-021-
01120-z

 35. 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;42:1593–603. DOI: 10.2337/dci19-
0028

 36. Oe Y, Nomoto H, Nakamura A, et al. Switching from insulin 
degludec plus dipeptidyl peptidase- 4 inhibitor to insulin 
degludec/liraglutide improves glycemic variability in 
patients with type 2 diabetes: A preliminary prospective 
observation study. J Diabetes Res. 2022;2022:5603864. DOI: 
10.1155/2022/5603864

 37. Jarosinski MA, Chen YS, Varas N, et al. New horizons: Next- 
generation insulin analogues: Structural principles and clinical 
goals. J Clin Endocrinol Metab. 2022;107:909–28. DOI: 10.1210/
clinem/dgab849

 38. Yang Y, Long C, Li T, Chen Q. Insulin degludec versus insulin 
glargine on glycemic variability in diabetic patients: A 
systematic review and meta- analysis of randomized controlled 
trials. Front Endocrinol. 2022;13:890090. DOI: 10.3389/
fendo.2022.890090

 39. Vrebalov Cindro P, Krnić M, Modun D, et al. Comparison of 
the impact of insulin degludec U100 and insulin glargine 
U300 on glycemic variability and oxidative stress in insulin- 
naive patients with type 2 diabetes mellitus: Pilot study 
for a randomized trial. JMIR Form Res. 2022;6:e35655. DOI: 
10.2196/35655.

 40. Kawaguchi Y, Sawa J, Sakuma N, Kumeda Y. Efficacy and
safety of insulin glargine 300 U/ml vs insulin degludec in 
patients with type 2 diabetes: A randomized, open- label, 
cross- over study using continuous glucose monitoring 
profiles. J Diabetes Investig. 2019;10:343–51. DOI: 10.1111/
jdi.12884

 41. Yamabe M, Kuroda M, Hirosawa Y, et al. Comparison of insulin 
glargine 300 U/ml and insulin degludec using flash glucose 
monitoring: A randomized cross- over study. J Diabetes Investig. 
2019;10:352–7. DOI: 10.1111/jdi.12894

 42. Sanchez- Rangel E, Inzucchi SE. Metformin: Clinical use in type 2 
diabetes. Diabetologia. 2017;60:1586–93. DOI: 10.1007/s00125-
017-4336-x

 43. Hundal RS, Inzucchi SE. Metformin: New understandings, 
new uses. Drugs. 2003;63:1879–94. DOI: 10.2165/00003495-
200363180-00001

 44. Pernicova I, Korbonits M. Metformin--mode of action and 
clinical implications for diabetes and cancer. Nat Rev 
Endocrinol. 2014;10:143–56. DOI: 10.1038/nrendo.2013.256

 45. Pistrosch F, Köhler C, Schaper F, et al. Effects of insulin glargine 
versus metformin on glycemic variability, microvascular and 

beta- cell function in early type 2 diabetes. Acta Diabetol. 
2013;50:587–95. DOI: 10.1007/s00592-012-0451-9

 46. González- Heredia T, Hernández- Corona DM, González- Ortiz 
M, Martínez- Abundis E. Effect of linagliptin versus metformin 
on glycemic variability in patients with impaired glucose 
tolerance. Diabetes Technol Ther. 2017;19:471–5. DOI: 10.1089/
dia.2017.0020

 47. Takahashi H, Nishimura R, Tsujino D, Utsunomiya K. Which 
is better, high- dose metformin monotherapy or low- dose 
metformin/linagliptin combination therapy, in improving 
glycemic variability in type 2 diabetes patients with insufficient 
glycemic control despite low- dose metformin monotherapy? A 
randomized, cross- over, continuous glucose monitoring- based 
pilot study. J Diabetes Investig. 2019;10:714–22. DOI: 10.1111/
jdi.12922

 48. Gilbert MP, Pratley RE. GLP- 1 analogs and DPP- 4 inhibitors in 
type 2 diabetes therapy: Review of head- to- head clinical trials. 
Front Endocrinol. 2020;11:178. DOI: 10.3389/fendo.2020.00178

 49. Seguí Díaz M. Uso de inhibidores de la dipeptidil peptidasa 4 
en pacientes Con diabetes en situaciones especiales. Medicina 
de Familia SEMERGEN. 2018;44:18–25. DOI: 10.1016/S1138-
3593(18)30371-X

 50. Vella A. Mechanism of action of DPP- 4 inhibitors – new insights. 
J Clin Endocrinol Metab. 2012;97:2626–8. DOI: 10.1210/jc.2012-
2396

 51. Kim G, Oh S, Jin SM, et al. The efficacy and safety of 
adding either vildagliptin or glimepiride to ongoing 
metformin therapy in patients with type 2 diabetes 
mellitus. Expert Opin Pharmacother. 2017;18:1179–86. DOI: 
10.1080/14656566.2017.1353080

 52. Nishimura R, Osonoi T, Koike Y, et al. A randomized pilot study 
of the effect of trelagliptin and alogliptin on glycemic variability 
in patients with type 2 diabetes. Adv Ther. 2019;36:3096–109. 
DOI: 10.1007/s12325-019-01097-z

 53. Butaeva SG, Ametov AS, Bugrov AV, Dolgov VV. [Glycemic 
variability and oxidative stress in patients with type 2 diabetes 
mellitus during combined glucose- lowering therapy]. Ter Arkh. 
2017;89:36–9. DOI: 10.17116/terarkh2017891036-39

 54. Kim NH, Kim DL, Kim KJ, et al. Effects of vildagliptin or 
pioglitazone on glycemic variability and oxidative stress in 
patients with type 2 diabetes inadequately controlled with 
metformin monotherapy: A 16- week, randomised, open label, 
pilot study. Endocrinol Metab (Seoul). 2017;32:241–7. DOI: 
10.3803/EnM.2017.32.2.241

 55. Tan FHS, Tong CV, Tiong XT, et al. The effect of DPP4 inhibitor on 
glycemic variability in patients with type 2 diabetes treated with 
twice- daily premixed human insulin. J ASEAN Fed Endocr Soc. 
2021;36:167–71. DOI: 10.15605/jafes.036.02.11

 56. Sola D, Rossi L, Schianca GPC, et al. Sulfonylureas and their use 
in clinical practice. Arch Med Sci. 2015;11:840–8. DOI: 10.5114/
aoms.2015.53304

 57. Kuroda N, Kusunoki Y, Osugi K, et al. Relationships between 
time in range, glycemic variability including hypoglycemia 
and types of diabetes therapy in Japanese patients with type 
2 diabetes mellitus: Hyogo diabetes hypoglycemia cognition 
complications study. J Diabetes Investig. 2021;12:244–53. DOI: 
10.1111/jdi.13336

 58. Kohnert K- D, Augstein P, Zander E, et al. Glycemic variability 
correlates strongly with postprandial beta- cell dysfunction in 
a segment of type 2 diabetic patients using oral hypoglycemic 
agents. Diabetes Care. 2009;32:1058–62. DOI: 10.2337/dc08-
1956

 59. Uemura F, Okada Y, Torimoto K, Tanaka Y. Enlarged glycemic 
variability in sulfonylurea- treated well- controlled type 2 
diabetics identified using continuous glucose monitoring. Sci 
Rep. 2021;11:4875. DOI: 10.1038/s41598-021-83999-z

 60. Luo M, Kong X, Wang H, et al. Effect of dapagliflozin on glycemic 
variability in patients with type 2 diabetes under insulin glargine 
combined with other oral hypoglycemic drugs. J Diabetes Res. 
2020;2020:6666403. DOI: 10.1155/2020/6666403

 61. Henry RR, Strange P, Zhou R, et al. Effects of dapagliflozin on 
24- hour glycemic control in patients with type 2 diabetes: 
A randomized controlled trial. Diabetes Technol Ther. 
2018;20:715–24. DOI: 10.1089/dia.2018.0052

 62. Lee S- H, Min K- W, Lee B- W, et al. Effect of dapagliflozin as an 
add- on therapy to insulin on the glycemic variability in subjects 
with type 2 diabetes mellitus (DIVE): A multicenter, placebo- 
controlled, double- blind, randomized study. Diabetes Metab J. 
2021;45:339–48. DOI: 10.4093/dmj.2019.0203.

 63. Buse JB, Nauck M, Forst T, et al. Exenatide once weekly 
versus liraglutide once daily in patients with type 2 diabetes 
(DURATION- 6): A randomised, open- label study. Lancet. 
2013;381:117–24. DOI: 10.1016/S0140-6736(12)61267-7

 64. Dungan KM, Povedano ST, Forst T, et al. Once- weekly 
dulaglutide versus once- daily liraglutide in metformin- treated 
patients with type 2 diabetes (AWARD- 6): A randomised, open- 
label, phase 3, non- inferiority trial. Lancet. 2014;384:1349–57. 
DOI: 10.1016/S0140-6736(14)60976-4

 65. Ahmann AJ, Capehorn M, Charpentier G, et al. Efficacy and 
safety of once- weekly semaglutide versus exenatide ER in 

subjects with type 2 diabetes (SUSTAIN 3): A 56- week, open- 
label, randomized clinical trial. Diabetes Care. 2018;41:258–66. 
DOI: 10.2337/dc17-0417

 66. Grant B, Sandelson M, Agyemang- Prempeh B, Zalin A. 
Managing obesity in people with type 2 diabetes. Clinical 
medicine (London, England). 2021;21:e327–e231. DOI: 10.7861/
clinmed.2021-0370.

 67. Li LQ, Yao MY, Ma JX, et al. Continuous subcutaneous insulin 
infusion combined with liraglutide reduced glycemic variability 
and oxidative stress in type 2 diabetes mellitus: A study 
based on the flash glucose monitoring system. Endocr J. 
2019;66:871–80. DOI: 10.1507/endocrj.EJ19-0016

 68. FLAT- SUGAR Trial Investigators. Glucose variability in a 26- 
week randomized comparison of mealtime treatment with 
rapid- acting insulin versus GLP- 1 agonist in participants with 
type 2 diabetes at high cardiovascular risk. Diabetes care. 
2016;39:973–81. DOI: 10.2337/dc15-2782.

 69. Xing Y, Chen J, Zhao L, Ma H. Analysis of the effect of liraglutide 
on glycemic variability in patients with type 2 diabetes. Endocr 
J. 2020;67:455–68. DOI: 10.1507/endocrj.EJ19-0530

 70. Frías JP, Nakhle S, Ruggles JA, et al. Exenatide once weekly 
improved 24- hour glucose control and reduced glycaemic 
variability in metformin- treated participants with type 2 
diabetes: A randomized, placebo- controlled trial. Diabetes 
Obes Metab. 2017;19:40–8. DOI: 10.1111/dom.12763

 71. Umpierrez GE, O’Neal D, DiGenio A, et al. Lixisenatide reduces 
glycaemic variability in insulin- treated patients with type 2 
diabetes. Diabetes Obes Metab. 2017;19:1317–21. DOI: 10.1111/
dom.12930

 72. McCall AL, Cox DJ, Brodows R, et al. Reduced daily risk of 
glycemic variability: Comparison of exenatide with insulin 
glargine. Diabetes Technol Ther. 2009;11:339–44. DOI: 10.1089/
dia.2008.0107

 73. Yin T- T, Bi Y, Li P, et al. Comparison of glycemic variability in 
Chinese T2DM patients treated with exenatide or insulin 
glargine: A randomized controlled trial. Diabetes Ther. 
2018;9:1253–67. DOI: 10.1007/s13300-018-0412-6

 74. Olmo- Garcia MI, Hervás Marín D, Caudet Esteban J, et al. 
Variabilidad glucémica de liraglutide frente a insulina glargina 
en la fase aguda del síndrome coronario agudo. Endocrinol 
Diabetes Nutr. 2019;66:16.

 75. Del Olmo- Garcia MI, Merino- Torres JF. GLP- 1 receptor agonists 
and cardiovascular disease in patients with type 2 diabetes. J 
Diabetes Res. 2018;2018:4020492. DOI: 10.1155/2018/4020492.

 76. Marx N, Husain M, Lehrke M, et al. GLP- 1 receptor agonists for 
the reduction of atherosclerotic cardiovascular risk in patients 
with type 2 diabetes. Circulation. 2022;146:1882–94. DOI: 
10.1161/CIRCULATIONAHA.122.059595.

 77. Derosa G, Maffioli P. α-Glucosidase inhibitors and their use in 
clinical practice. Arch Med Sci. 2012;8:899–906. DOI: 10.5114/
aoms.2012.31621

 78. Dash RP, Babu RJ, Srinivas NR. Reappraisal and perspectives 
of clinical drug- drug interaction potential of α-glucosidase 
inhibitors such as acarbose, voglibose and miglitol in 
the treatment of type 2 diabetes mellitus. Xenobiotica. 
2018;48:89–108. DOI: 10.1080/00498254.2016.1275063

 79. Gao F, Ma X, Peng J, et al. The effect of acarbose on glycemic 
variability in patients with type 2 diabetes mellitus using 
premixed insulin compared to metformin (AIM): An open- label 
randomized trial. Diabetes Technol Ther. 2020;22:256–64. DOI: 
10.1089/dia.2019.0290

 80. Derosa G, Franzetti I, Querci F, et al. Effect of acarbose on 
glycemic variability in patients with poorly controlled type 
2 diabetes mellitus receiving stable background therapy: A 
placebo- controlled trial. Pharmacotherapy. 2015;35:983–90. 
DOI: 10.1002/phar.1648

 81. Oh TJ, Yu JM, Min KW, et al. Efficacy and safety of voglibose 
plus metformin in patients with type 2 diabetes mellitus: A 
randomized controlled trial. Diabetes Metab J. 2019;43:276–86. 
DOI: 10.4093/dmj.2018.0051

 82. Halimi S, Le Berre MA, Grangé V. Efficacy and safety of
acarbose add- on therapy in the treatment of overweight
patients with type 2 diabetes inadequately controlled 
with metformin: A double- blind, placebo- controlled study. 
Diabetes Res Clin Pract. 2000;50:49–56. DOI: 10.1016/s0168-
8227(00)00163-7

 83. Van Gaal L, Maislos M, Schernthaner G, et al. Miglitol combined 
with metformin improves glycaemic control in type 2 diabetes. 
Diabetes Obes Metab. 2001;3:326–31. DOI: 10.1046/j.1463-
1326.2001.00141.x

 84. Chan C- W, Yu C- L, Lin J- C, et al. Glitazones and alpha- 
glucosidase inhibitors as the second- line oral anti- diabetic 
agents added to metformin reduce cardiovascular risk in type 
2 diabetes patients: A nationwide cohort observational study. 
Cardiovasc Diabetol. 2018;17:20. DOI: 10.1186/s12933-018-
0663-6

 85. Hanefeld M, Cagatay M, Petrowitsch T, et al. Acarbose reduces 
the risk for myocardial infarction in type 2 diabetic patients: 
Meta- analysis of seven long- term studies. Eur Heart J. 
2004;25:10–6. DOI: 10.1016/s0195-668x(03)00468-8


	What is Glycaemic Variability and which Pharmacological Treatment Options are Effective? 
A Narrative Review
	Materials and methods
	Results and discussion
	Insulin
	Metformin
	Dipeptidyl peptidase 4 inhibitors
	Sulphonylureas
	Sodium–glucose cotransporter 2 inhibitors
	Glucagon-like peptide 1 agonists
	α-Glucosidase inhibitors

	Conclusion




