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Background: High glycemic Variability (HGV) has become a stronger predictor of hypo
glycemia. However, clinical factors associate with HGV still are unknown.
Objective: To determine clinical variables that were associated with a coefficient of 
variation (CV) above 36% evaluated by continuous glucose monitoring (CGM) in a group 
of patients with diabetes mellitus.
Methods: A cohort of patients with type 2 diabetes (T2D) was evaluated. Demographic 
variables, HbA1c, glomerular filtration rate (GFR) and treatment regimen were assessed. 
A bivariate analysis was performed, to evaluate the association between the outcome variable 
(CV> 36%) and each of the independent variables. A multivariate model was constructed to 
evaluate associations after controlling for confounding variables.
Results: CGM data from 274 patients were analyzed. CV> 36% was present in 56 patients 
(20.4%). In the bivariate analysis, demographic and clinical variables were included, such as 
time since diagnosis, hypoglycemia history, A1c, GFR and treatment established. In the 
multivariate analysis, GFR <45 mL/min (OR 2.81; CI 1.27,6.23; p:0.01), A1c > 9% (OR 
2.81; CI 1.05,7.51; p:0.04) and hypoglycemia history (OR 2.09; CI 1.02,4.32; p:0.04) were 
associated with HGV. Treatment with iDPP4 (OR 0.39; CI 0.19,0.82; p:0.01) and AGLP1 
(OR 0.08; CI 0.01,0.68; p:0.02) was inversely associated with GV.
Conclusion: Clinical variables such as GFR <45 mL/min, HbA1C>9% and a history of 
hypoglycemia are associated with a high GV. Our data suggest that the use of technology and 
treatments able to reduce glycemic variability could be useful in this population to reduce the 
risk of hypoglycemia and to improve glycemic control.
Keywords: glycemic variability, variation coefficient, continuous glucose monitoring, 
diabetes mellitus

Introduction
Hypoglycemia is the main barrier to achieving glycemic control goals in patients 
with type 2 diabetes treated with insulin. In previous studies, clinically relevant 
variables such as mean values of glycemia, diabetes duration, BMI, and GFR did 
not have a significant association with hypoglycemia.1 However, short-term GV is 
associated with hypoglycemia <54 mg/dl in patients with type 2 diabetes.1

Glycemic Variability (GV) is defined as the degree of fluctuation in blood 
glucose values over a given time period. In the short term, these oscillations can 
be described with intraday variability metrics.2 Currently, the coefficient of varia
tion (%CV) is considered the metric of choice to describe intraday GV. 
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International consensus on CGM recommends classifying 
values of %CV ≥ 36 as high GV and patients with these 
values as unstable.3 Additional studies suggest that a value 
of %CV < 34 is the optimal for minimizing hypoglycemia 
events <54 mg/dL.1,2,4

The association between high GV and the risk of 
hypoglycemia has been established, however, there are 
few studies in the literature that evaluate the clinical vari
ables associated with the presence of high GV. The objec
tive of this work is to determine which clinical variables 
are associated with the presence of a high GV (%CV 
coefficient ≥36%) in a large group of patients with type 
2 diabetes, evaluated with 6-day continuous glucose mon
itoring (GCM).

Methods
This study is a cross-sectional analysis of the registry of 
adults with type 2 diabetes mellitus who were monitored 
with CGM at the Diabetes Clinic of the San Ignacio 
University Hospital, Bogotá, Colombia, between 
July 2012 and October 2019. The registry unifies pre- 
existing1,5 and new databases. Patients over 18 years, 
with a diagnosis of type 2 diabetes, in management with 
insulins, oral antidiabetics or a combination of these, were 
included. Pregnant patients, those with chronic kidney 
disease on dialysis therapy, and those receiving manage
ment with insulin pump, were excluded. All patients pro
vided informed consent. Protocols were conducted in 
accordance with the Declaration of Helsinki and were 
approved by the Research and institutional Ethics commit
tee of the Hospital Universitario San Ignacio.

Clinical characteristics and laboratory variables of each 
patient were taken from systematically collected medical 
records. HbA1c was measured at admission, using HPLC. 
All the patients underwent continuous glucose monitoring 
with the iPro2 equipment (Medtronic, Minneapolis, MN, 
USA). An Enlite sensor (Medtronic, Minneapolis, MN, 
USA) was inserted subcutaneously into the anterior abdo
men area and was maintained for 6 days. Instructions were 
given for equipment calibration following the manufac
turer’s recommendations. At the end of day 6, the equip
ment was removed, and the information was downloaded 
using the iPRO CareLink version 3.0 software.

Hypoglycemia unawareness was defined as a Clarke 
score >4.6 Hypoglycemia history was defined as one or 
more self-monitoring blood glucose (SMBG) less than 
70 mg/dl in the last 6 months. The coefficient of variation 
was calculated as standard deviation/average glucose 

x 100%.7,8 Patients with CV% ≥36% were classified in 
the high glycemic variability group.7,8 HbA1c measured 
by high-performance liquid chromatography (HPLC) was 
reported in categories <7%, 7–9% and >9%. Glomerular 
filtration rate (GFR) was present as >45 and <45 mL/min. 
Polypharmacy was defined as ≥5 medications including 
diabetes treatment.

The description of clinical variables was performed 
according to the value of the coefficient of variation 
(<36% and ≥36%). A bivariate analysis was performed, 
to evaluate the association between the outcome variable 
(CV> 36%) and each of the independent variables, such as 
gender, body mass index (BMI) classification, duration of 
diabetes, polypharmacy, hypoglycemia history, glomerular 
filtration rate (GFR) <45 mL/min, micro and macrovascu
lar complications and treatment. Finally, we performed 
multivariate models that initially included essential covari
ates as age, sex and diabetes duration, and additionally all 
the significant variables detected in the bivariate analysis. 
Through the backward strategy, the variables that were not 
statistically significant were eliminated one by one, and 
the best-reduced model was selected through goodness-of- 
fit tests, such as AIC and BIC. For all analyses, 95% 
confidence intervals were calculated, and a p-value less 
than 0.05 was considered to be statistically significant. 
STATA 15 software was used for analysis.

Results
Two hundred and seventy-four patients were included in 
the analysis. The mean age was 67.7 years and the propor
tion of patients according to gender was similar. Most of 
the patients received insulin treatment, the bolus basal 
regimen was the most frequently used insulin regimen. 
The most widely used oral antidiabetic agent (OAD) 
were Metformin and DPP4 inhibitors. 20.4% of patients 
had %CV ≥36. The clinical characteristics of patients 
according to %CV values and use of insulin are presented 
in Table 1.

The duration of diabetes was longer in patients with 
high GV (13.4 ± 9.4 vs 16.5 ± 9.7 years, p =0.029). More 
microvascular complications were detected in patients 
with high GV. Almost twice as many patients in this 
group had a GFR < 45 mL/min (18.7% vs 37.5%, 
p 0.002). Only sulfonylureas tended to be associated with 
a high GV, the other OAD were used more frequently in 
the group of patients with %CV < 36. The hypoglycemia 
history, mainly due to asymptomatic hypoglycemia, was 
more frequent in the high GV group. Time in range (TIR) 
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was better in the group with CV% <36% (80.6±20.6% vs 
61.0±12.3%). The number of hypoglycemia events 1.4±2.4 
in the group with low glycemic variability vs 4.42±3.5 
events in the group with high variability.

Table 2 shows the bivariate analysis for the association 
between GV and clinical variables. Hypoglycemia history 
(OR 2.73; 95% CI 1.47,5.02; p= 0.001), poor glycemic 
control with A1c >9.0% 3.20 (OR 2.71; 95% CI 1.17,6.29; 
p= 0.021), polypharmacy ≥5 medications (OR 2.22; 95% 

CI 1.02,4.81; p= 0.042), and GFR <45 mL/min (OR 2.69; 
95% CI 1.41,5.15; p= 0.003) were significantly associated 
with high GV. Treatment with metformin and AGLP1 was 
found as a protective factor. We did not find any difference 
in the analysis using a cut-point of CV <34%.

The first multivariate models (Model A) HbA1c and 
GFR were analyzed as continuous variables. In the second 
model (Model B), these variables were analyzed as cate
gorical (Table 3). In the model B we found association 

Table 1 Characteristics of Patients According to Glycemic Variability (%CV) and Use of Insulin

Without Insulin (n=54) With Insulin (n=220)

%CV < 36 
(n=48)

%CV ≥ 36 
(n=6)

p-value %CV < 36 
(n=170)

%CV ≥ 36 
(n=50)

p-value

Age in years, mean (SD) 64.85 (12.31) 72.50 (9.91) 0.150 68.33 (11.50) 67.16 (12.21) 0.532

Female, n (%) 25 (52.08) 4 (66.67) 0.499 79 (46.47) 26 (52.00) 0.491

BMI Classification, n (%)

Normal 15 (31.91) 3 (50.00) 0.377 42 (25.61) 19 (38.00) 0.226

Overweight* 21 (44.68) 3 (50.00) 71 (43.29) 19 (38.00)
Obesity* 11 (23.40) 0 (0.00) 51 (31.10) 12 (24.00)

Duration of diabetes in years, Mean (SD) 5.58 (4.80) 18.83 (7.99) <0.0001 15.60 (9.21) 16.23 (9.91) 0.681

Glomerular filtration rate (mL/min)

≥45, n (%) 39 (92.86) 5 (83.33) 0.430 126 (78.26) 29 (59.18) 0.008
<45†, n (%) 3 (7.14) 1 (16.67) 35 (21.74) 20 (40.82)

HbA1c (%)

<7, n (%) 33 (68.75) 3 (50.00) 0.565 57 (33.93) 15 (30.61) 0.101

7–9, n (%) 14 (29.17) 3 (50.00) 88 (52.38) 21 (42.86)
>9, n (%) 1 (2.08) 0 (0.00) 23 (13.69) 13 (26.53)

Microvascular complications, n (%) 13 (27.08) 2 (33.33) 0.747 97 (58.09) 35 (70.00) 0.212
Retinopathy, n (%) 1 (2.08) 0 (0.00) 0.721 48 (28.74) 20 (40.00) 0.132

Nephropathy, n (%) 12 (25.53) 2 (33.33) 0.683 75 (44.91) 28 (56.00) 0.168

Neuropathy, n (%) 2 (4.17) 0 (0.00) 0.610 44 (26.35) 22 (44.00) 0.017

Macrovascular complications, n (%) 8 (16.67) 0 (0.00) 0.279 49 (29.34) 17 (34.00) 0.530

Oral antidiabetics

Metformin, n (%) 40 (85.11) 5 (83.33) 0.909 86 (50.89) 18 (36.00) 0.064

iDPP4, n (%) 19 (42.30) 2 (33.33) 0.708 72 (42.86) 14 (28.00) 0.059
Sulfonylureas, n (%) 6 (12.77) 3 (50.00) 0.022 1 (0.59) 2 (4.00) 0.069

iSGLT2, n (%) 12 (30.77) 0 (0.00) 0.113 21 (17.21) 1 (2.63) 0.023

AGLP1, n (%) 10 (21.28) 0 (0.00) 0.210 23 (13.61) 1 (2.00) 0.021

Polypharmacy, n (%) 21 (45.65) 3 (50.00) 0.841 126 (76.83) 44 (88.00) 0.087

History of hypoglycemia, n (%) 2 (4.35) 1 (20.00) 0.158 77 (46.39) 33 (66.00) 0.015

Unawareness hypoglycemia, n (%) 0 (0.00) 0 (0.00) – 11 (16.67) 3 (50.00) 0.0048

History of severe hypoglycemia, n (%) 0 (0.00) 0 (0.00) – 24 (14.37) 7 (14.00) 0.948

Notes: Unawareness hypoglycemia was evaluated with Clarke questionnaire: if two or less R, the perception of hypoglycemia was considered adequate, 3 R was 
indeterminate and 4 R or more was considered inadequate.6 *Compared to normal BMI. † Compared to GFR ≥ 45 mL/min. 
Abbreviations: BMI, body mass index; SD, standard deviation; IDPP4, dipeptidyl peptidase-4 inhibitors; AGLP1, glucagon-like peptide-1 receptor agonists.
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between a high GV and HbA1c >9% (OR 2.81; 95% CI 
1.05,7.51; p= 0.038), CKD with a GFR <45 mL/min (OR 
2.81; 95% CI 1.27,6.23; p= 0.011). The association 
between hypoglycemia history and CV% ≥36% was 
found in both models A and B. Treatment with 
Dipeptidyl peptidase-4 inhibitor (iDPP4) and Glucagon- 
like peptide-1 receptor agonist (GLP-1) were inversely 
related with GV. We did not find differences using a cut- 
point of CV <34%.

Discussion
Glucose variability and hypoglycemia cause oxidative 
stress, induce endothelial dysfunction, and promote 
arteriosclerosis.9,10 High GV measured by the coefficient 

of variation (≥36%) has been independently associated 
with the presence of level 1 and 2 hypoglycemia in 
patients with type 1 and type 2 diabetes.1,2,4 Previously, 
we presented a paper that shows that CV can be recom
mended as the preferred parameter of GV to be used in 
clinical practice for T2DM patients. It was compared 
against, standard deviation, coefficient of variation (CV), 
interquartile range, CONGA1, 2, and 4, MAGE, M value, 
J index, high blood glucose index, and low blood glucose 
index (LBGI).1 However, clinical variables associated with 
this definition of high GV have not been determined. 
Knowing the clinical factors related to% CV ≥36 could 
help identify those patients who benefit from performing 
GCM and, in those in whom unstable diabetes is detected, 
establish therapeutic options to reduce fluctuations in glu
cose levels, thus reducing the risk of hypoglycemia.

In our study, clinical factors, such as GFR below 45 mL/ 
min, HbA1c >9% and hypoglycemia history, were significantly 
associated with the presence of high GV in patients with type 2 
diabetes. Studies reported prior to the publication of the 2019 
consensus,11 reported similar findings,12 including a positive 
correlation between HbA1c, C-peptide levels and the duration 
of insulin therapy with high GV, defined by SD.13,14 It is 
possible that chronic kidney disease is a contributing factor to 
high variability by promoting hypoglycemia due to the decrease 
in the clearance of insulin with a prolongation of its half-life and 
due to the alteration in renal gluconeogenesis.15

An interesting finding in our study was the tendency to 
a lower coefficient of variation in obese patients compared to 
those with normal BMI. A similar finding was described in 
a cross-sectional study in patients with type 2 diabetes: 
a negative correlation between BMI and glycemic variability 
defined by mean amplitude of glycemic excursions (MAGE).16 

It has been found that higher levels of C-peptide are present in 
obese patients.17 C-peptide values are negatively correlated 
with glycemic variability indices, suggesting that insulinopenia 
is a determinant of GV.13 Other surrogates for beta-cell func
tion, such as HOMA-β, are lower in patients with low or normal 
BMI compared to overweight and obese patients, suggesting 
a lower beta-cell functionality in this group of patients.16

We found that treatment with iDPP4 and AGLP-1 is asso
ciated with less glycemic variability in our real-life population. 
This finding is consistent with data from controlled clinical 
trials in patients with T2D, such as FLAT-SUGAR and 
AWARD-4, treated with exenatide and dulaglutide, 
respectively.18,19 They found a significant reduction in GV in 
the group treated with GLP1 analogues compared to basal- 
bolus insulin regimen.20 Additionally, DUAL I reported that 

Table 2 Association Between Glycemic Variability and Clinical 
Variables in Patients with Type 2 Diabetes. Bivariate Analysis

Bivariate Analysis

OR IC 95% p-value

Age 1.00 [0.98;1.02] 0.971

Gender (Female) 1.27 [0.71;2.30] 0.417

BMI Classification

Normal Reference

Overweight* 0.62 [0.31;1.22] 0.167
Obesity* 0.49 [0.22;1.08] 0.080

Duration of diabetes in years, 
Mean (SD)

1.03 [1.00;1.06] 0.034

Polypharmacy (≥5 medications) 2.22 [1.02;4.81] 0.042

History of hypoglycemia 2.73 [1.47;5.02] 0.001

GFR < 45 mL/min 2.69 [1.41;5.15] 0.003

Hb1Ac

<7 Reference

7–9 1.16 [0.59;2.28] 0.657
>9 2.71 [1.17;6.29] 0.021

Microvascular complications
Retinopathy 1.88 [0.99;3.54] 0.050

Nephropathy 1.68 [0.93;3.04] 0.084

Neuropathy 2.37 [1.26;4.45] 0.007

Macrovascular complications 1.20 [0.63;2.30] 0.565

Treatment

Metformin 0.49 [0.27;0.90] 0.022

iDPP4 0.54 [0.28;1.02] 0.060
AGLP1 0.08 [0.01;0.67] 0.020

Basal insulin 2.24 [0.90;5.55] 0.081

Note: *Compared to Normal BMI.
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reduction in plasma glucose fluctuations was higher in those 
with the insulin degludec and liraglutide combination, com
pared to these components separately.20 VARIATION study, 
a prospective cohort of patients with T2D and good glycemic 
control, compared basal insulin in combination with one or 
more OAD (excluding glyburide), GLP-1 RA [exenatide or 
liraglutide] or basal-bolus insulin regimen. The combination 
with GLP1 had a lower GV compared with other 
combinations.21

Similar to our results, the MDI Liraglutide trial22 found that 
reductions in mean glucose levels and standard deviation esti
mated by masked continuous glucose monitoring were signifi
cantly greater in the liraglutide group than in the placebo group 
(−1.9 and −0.5 mmol/L (−34.2 and −9 mg/dL), respectively; 
P<0.001). The study of Lind et al23 showed that liraglutide 
treatment lowers glucose levels and reduces time in hypogly
cemia in T2DM patients treated with MDI. Also, during lira
glutide treatment, TIR increased with a reduction of TAR. This 
study showed that patients with lower fasting C-peptide levels 
and higher glycemic variability had a greater risk of hypogly
cemia during MDI treatment with or without simultaneous 
liraglutide treatment.

To our knowledge, this is the largest study evaluating the 
association between clinical variables and high GV measured 
by 6-day GCM, and the first to use consensus definitions of 
high GV (% CV≥36%).3 Our data correspond to real-life con
ditions, since the patients continued receiving their usual treat
ment, without restrictions on diet, physical activity, or hours of 
administration of medications. The main limitation is that our 
design does not allow confirming the causal relationships, since 
GV and clinical factors are measured simultaneously. However, 
previous prospective trials are consistent with our findings. An 
additional limitation is that modifiable sources of GV such as 
exercise, insulin doses according to carbohydrates, hypoglyce
mic or hyperglycemic overcorrections could not be objectified. 
Additionally, an important limitation is that we did not measure 
C-peptide levels to evaluate insulin secretory capacity, as this 
study was a cross-sectional analysis of the registry of adults 
with type 2 diabetes mellitus who were monitored with CGM.

Conclusion
The determination of clinical variables, such as GFR 
<45 mL/min, HbA1C >9% and hypoglycemia history, 
was associated with a high GV. Our data suggest that the 

Table 3 Association Between Glycemic Variability and Clinical Variables in Patients with Type 2 Diabetes. Multivariate Analysis

Multivariate Analysis (Model A) Multivariate Analysis (Model B)

OR IC 95% p-value OR IC 95% p-value

Age in years
45–59 1.34 [0.11;15.1] 0.82 1.22 [0.10;14.09] 0.872
60–74 1.40 [0.12;15.3] 0.779 1.39 [0.12;14.9] 0.27

≥75 1.08 [0.09;12.8] 0.951 0.93 [0.08;10.7] 0.957

Gender 1.26 [0.65;2.44] 0.490 1.50 [0.75;3.01] 0.246

Duration of diabetes in years.
5–14 4.0 [1.06;15.1] 0.040 3.68 [0.96;14.1] 0.057

≥15 4.19 [1.10;15.9] 0.035 3.55 [0.91;13.8] 0.067

GFR 0.99 [0.98;1.00] 0.238

GFR <45 mL/min 2.81 [1.26;6.23] 0.011

Hb1Ac 1.09 [0.87;1.37] 0.423

7–9% 1.75 [0.77;3.94] 0.175
>9% 2.81 [1.05;7.51] 0.038

Treatment
iDPP4 0.41 [0.20;0.85] 0.016 0.39 [0.19;0.81] 0.012

AGLP1 0.08 [0.01;0.68] 0.021 0.08 [0.01;0.68] 0.020

History of hypoglycemia 2.01 [0.02–1.49] 0.086 2.09 [1.01–4.32] 0.044

Notes: Model A: analysis multivariate with HbA1c and GFR as continuous variables. Model B: analysis multivariate with HbA1c and GFR as categorical variables. Both 
models were adjusted by age groups and gender. 
Abbreviations: GFR, glomerular filtration rate; IDPP4, dipeptidyl peptidase-4 inhibitors; AGLP1, glucagon-like peptide-1 receptor agonists.
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use of technology and treatments able to reduce glycemic 
variability could be useful in this population to reduce the 
risk of hypoglycemia and to improve glycemic control. 
Prospective studies designed to establish variables that 
can constitute risk factors for short-term glycemic varia
bility, defined in a standardized way, are needed.
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