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Abstract

Background: Glycemic variability (GV') has been identified as an important tool in the monitoring of type 1 diabetes mellitus (T'1D), due to its ability to identify
patients at greater risk of severe hypoglycemia and to constitute an independent risk factor for chronic complications of this disease. This study aimed to evaluate
the GV pattern between individuals with T1D under different types of intensive treatment and the correlations of this GV with different clinical and biochemical
variables.

Methods: Volunteers with T1D (n=90) under different types of intensive treatment (NPH insulin, n=54; insulin glargine, n=19; and continuous subcutaneous insulin
infusion (CSII) system, n=17) were analyzed in relation to glycemic control and GV. The glycated hemoglobin (HbA1c) and estimated average glucose (eAG) were
used to estimate glycemic control. The daily average glucose (DAG) and its standard deviation (SDDAG) and coefficient of variability (CVDAG), as well the change
in the levels of glycated hemoglobin (AHbA1c) were used to estimate GV.

Results: Patients under CSII presented lower values of HbAlc,eAG, DAG, SDDAG and CVDAG than the other groups. DAG (median=189 mg/dL and IQR=157-
232) and SDDAG (median=89.8 mg/dL and IQR=72-111) correlated positively with HbAlc, with correlations coefficients of 0.67 and 0.64, respectively.

Conclusions: The glycemic variability in patients with type 1 diabetes, even under intensive treatment, has a great amplitude, and has direct correlations with the
classic parameters of disease control. DAG and SDDAG can be used in the short term as predictors of the glycated hemoglobin levels in order to allow directions

and earlier adaptations in clinical management.

Abbreviations: CGM: Continuous glucose  monitoring;
CSIL:Continuous subcutaneous insulin infusion; CV: Coefficient of
variability of daily average glucose; DAG: Daily average glucose; DDI:
Daily dose of insulin; T1D: Type 1 diabetes mellitus; eAG: Estimated av-
erage glucose; FPG: Fasting plasma glucose; GV: Glycemic variability;
HbAlc: Glycated hemoglobin; HBGI: High blood glucose index; LBGI:
Low blood glucose index; MA: Microalbuminuria; SDDAG: Standard
deviation of the daily average glucose; SMBG: Self-monitoring of blood
glucose; AHbAlc: HbAlc change.

Introduction

Besides the ability to predict the chronic complications of diabetes
[1] glycemic variability (GV) may also allow identification of patients
at higher risk of developing severe hypoglycemia [2,3]. This is why
the approach of GV in the treatment of type 1 diabetes has been quite
prominent in recent years. The development of new technologies to
monitor blood glucose levels, such as the continuous interstitial glucose
monitoring systems, have made possible and practical the evaluation of
GV in the daily life of patients with type 1 diabetes. This is very relevant
because the better knowledge of the blood glucose behavior in patients
under different types of intensive treatment can provide subsidies for
therapeutic decisions and, thus, provide a better control of the disease
[4-6].

Since the results of the DCCT (Diabetes Control and Complications
Trial), a multicenter clinical study of 1441 volunteers with T1D, the

Diabetes Updates, 2020 doi: 10.15761/DU.1000141

indication of an intensive form of treatment has been considered
fundamental to reduce the risks of the chronic microvascular
complications of this disease [7]. In recent years, with the development
of new analogues of insulin and continuous subcutaneous insulin
infusion (CSII) systems, different treatment schemes have been used to
conduct intensive insulin therapy [6,8]. However, this type of treatment
increases the risk of severe hypoglycemia [9], an acute complication
that may lead the patient to stop pursuing a more rigorous glycemic
control or to present greater GV due to hyperglycemic rebound after
hypoglycemia attacks. This is the reason why the present study aimed to
evaluate the GV pattern in individuals with T1D under different types
of intensive treatment and the correlations of this GV with different
clinical and biochemical variables.

Research design and methods

Participants and ethics

The study was approved (294.635/2013) by the Research Ethics
Committee of the Federal University of Uberlandia. All procedures
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were performed after participants had signed an informed consent
term.

A cross-sectional study was done with volunteers with T1D (n=90)
assisted by the Diabetes Care Center of the Municipality of Uberlandia
and the Clinical Hospital of the Federal University of Uberlandia.

For 2 years, 383 patients were attended in these facilities. Of these,
90 were part of the study because they fit into the inclusion criteria and
did not present any exclusion factors. The inclusion criteria were: to
have a diagnosis of type 1 diabetes and to be under intensive care with
multiple daily doses of insulin (basal bolus scheme) or with continuous
subcutaneous insulin infusion (CSII) system for at least 6 months.
Exclusion criteria were: use of multivitamins, uncertain diagnosis of
type of diabetes, severe chronic complications, febrile illness in the last
month, skin changes that made sensor use impossible, blood dyscrasias,
use of corticosteroids, heparin or oral anticoagulant. Patients who did
not obtain the minimum number (5 to 7) of capillary glycemia to
determine glycemic variability were also excluded from the study.

The volunteers were divided into 3 different groups according to
the intensive treatment regimen: G1 (n=54), basal NPH insulin and
multiple daily doses of fast-acting insulin (bolus); G2 (n=19), basal
insulin analog (glargine) and multiple daily doses of fast-acting insulin
(bolus); and G3 (n=17), CSII systems.

Evaluation of glycemic control and glycemic variability

Glycemic control was assessed by the glycated hemoglobin (HbA1c)
levels over the past year, the estimated average glucose (eAG) and the
daily average glucose (DAG). DAG was calculated from the records of
self-monitoring blood glucose (SMBG), 5-7 times a day, using a blood
glucometer (Accu-Chek Active™, Roche Diagnostics, Indianapolis,
IN, USA) and a management software (Accu-Chek 360° diabetes
management system, Roche Diagnostics, Indianapolis, IN, USA), or
from the records of the continuous glucose monitoring (CGM) system,
for 3 to 6 days, using the Guardian RT system™ (Medtronic, Northridge,
CA, USA). GV was estimated from the standard deviation of the daily
average glucose (SDDAG), the coefficient of variability (%) of the daily
average glucose (CVDAG), given by CVDAG=(SDDAG/DAG)x100,
and the change in the levels of glycated hemoglobin (AHbAIc), given
by the difference between the highest and the lowest value of HbAlc
over a year. HbAlc levels were assessed by high performance liquid
chromatography (HPLC, Shimadzu, Kyoto, Japan).

Other evaluations

The data collected here also included anthropometric
measurements, blood count, fasting plasma glucose (FPG),
triglycerides (TGC), total-cholesterol (t-C), LDL-cholesterol (LDL-C)
HDL-cholesterol (HDL-C), creatinine (Cr), microalbuminuria (MA)
and thyroid stimulating hormone (TSH), in addition to the daily dose
of insulin (DDI) used by each volunteer of the study. The probabilities
of the volunteers developing hypoglycemia and hyperglycemia were
estimated by the low blood glucose index (LBGI) and by the high
blood glucose index (HBGI), which were obtained using the following
equations:
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Statistical analysis

The categorical variables were compared using the x*-test. The
Shapiro-Wilk test was used to investigate the existence of normality
in the data distribution. The comparisons of normal and non-normal
variables among the different groups were done using ANOVA, followed
by Bonferroni post-test, and the Kruskal-Wallis test, with Dunn-
Bonferroni post-test, respectively. Correlation analyzes were performed
using the Pearson's or Spearman's test, when the distributions of
the results were normal and non-normal, respectively. Differences
associated with p values < 0.05 and 0.05<p<0.06 were considered
statistically significant and borderline, respectively. All statistical
analyzes were performed using the software Origin 2016 (Microcal,
Northampton, MA, USA) and SPSS 15.0 (SPSS Inc., Chicago, IL, USA).

Results

The baseline characteristics of the study participants are
summarized in Table 1. The total number of volunteers with T1D
evaluated in this study is 90 (40 females, 44%; and 50 males, 56%).

Table 2 presents the comparison of the variables studied between
types of intensive insulin therapy in volunteers with type 1 diabetes.
There were no significant differences in age, sex ratio, FPG, t-C, HDL-C,
TSH, MA, LBGI and HBGI. The group under continuous insulin
infusion treatment presented lower levels of the glycemic control
indicators HbAlc, eAG and DAG and also lower values of the glycemic
variability indicators SDDAG, CVDAG and AHbA g, in relation to the
G1 and G2 groups. The group under treatment with basal NPH insulin
and multiple daily doses of fast-acting insulin presented a borderline
elevation in the DDI and blood levels of LDL-C in relation to other
groups.

The relationships between the different variables were also
investigated through correlation tests. The results obtained are shown
in Table 3. Some significant correlations are worth mentioning.
The glycemic control indicators HbAlc, eAG and DAG had positive
correlations with levels of TGC. DAG also presented a significant
positive correlation with HbAlc (Figure 1) and, as would be expected,
a positive correlation also with eAG. It is especially important to note
that the indicator of glycemic variability SDDAG showed a significant
positive correlation with the levels of HbA1lc (Figure 2).
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Figure 1. Dispersion diagram of the daily average glucose (DAG) and glycated hemoglobin
(HbA Ic) in the studied population (n=90)
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Table 1. Baseline characteristics of the study population

Variables
Age (years)
Body Mass Index (kg/m?)
Duration of Diabetes (years)
Daily Dose of Insulin (IU/kg)
HbA, (%)
HbA | (mmol/mol)
AHb, ¢
Estimated Average Glucose (mg/dL)
Daily Average Glucose (mg/dL)
Standard Deviation of Daily Average Glucose (mg/dL)
Coefficient of Variation of Daily Average Glucose (%)
Low Blood Glucose Index (%)
High Blood Glucose Index (%)
Fasting Plasma Glucose (mg/dL)
Total Cholesterol (mg/dL)
HDL-Cholesterol (mg/dL)
LDL-Cholesterol (mg/dL)
Triglycerides (mg/dL)
Thyroid Stimulating Hormone (mIU/L)
Microabuminuria (pg/mg Creatinine)

N Median (IQR) Min Max
90 23.5(18-33) 8 55
90 23 (20.7-25) 17 36.3
90 10 (6-15) 3 42
90 0.86 (0.7-1.1) 0.24 2.1
90 8.6 (7.7-9.9) 5.8 14.6
90 69.5 (61-85) 40 136
90 0.99 (0.6-1.4) 0.13 4.54
90 199 (175-237) 120 372
90 189 (157-232) 111 371
90 89.8 (72-111) 50 166.4
90 47.3 (40.1-53.9) 23 90
75 1.9 (0.8-4.3) 0.1 12.7
75 16.7 (9.5-26.2) 1.7 48.6
90 153 (101-220) 44 390
88 160.4 (136.5-188.7) 95 342
88 52.1(16.6) 16 94
88 88 (71-111) 33 218.7
88 83.9 (55.4-122-2) 35 379
90 2.4(1.6-3.9) 0.3 133
89 4.9 (2.0-11.3) 0.8 758

All variables were non-normally distributed and are presented as median (IQR), except HDL-C, which was normally distributed and is presented as mean (SD)
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Figure 2. Dispersion diagram of the standard deviation of the daily average glucose
(SDDAG) and glycated hemoglobin (HbAIc) in the studied population (n=90)

Discussion and conclusions

Glycemic variability in patients with type 1 diabetes, even under
intensive treatment, is of great amplitude, and has direct correlations
with the classic parameters of disease control, such as HbAlc and eAG,
which are good risk indicators for the chronic complications of the
disease.

The amplitude of glycemic variability in this study volunteers
exceeded the acceptable tolerance range [2,10-12]. SDDAG values
above 1/3 of the mean or greater than 50 mg/day and CV values greater
than 36% are considered inadequate, since they represent a higher risk
of severe hypoglycemia and elevation in the production of reactive
oxygen species, factor associated with the generation of the cell injury
that lead to the chronic complications of the disease [1].
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The use of glycemic mean (DAG), standard deviation of the mean
(SDDAG) and coefficient of variation of the mean (CV), determined
by capillary glycemia or continuous interstitial glucose sensor as
parameters for the quantification of glycemic variability was well
established in recent studies [2,9,12-14], providing new tools to aid
in therapeutic decisions. In the present study, the observation of a
strong correlation between intraday glycemic variability and HbAlc,
may allow the identification of patients who are more likely to fail in
reaching the HbAlc goals in the coming months and thus allowing
modification of treatment or early identification of their insulin needs.

The correlations observed in this study between glycemic variability
parameters and HbAlc and / or AHbAIc are in agreement with the
results reported in the ADAG study [2] for a population with T1D in
which the glycemic mean was 172437 mg/dL and SDDAG was 75+18.5
mg/dL. That study reported the existence of correlations between
SDDAG and other GV parameters such as the mean-amplitude glucose
excursions (MAGE) and the continuous overall net glycemic action
(CONGA) (2; 10). When compared to individuals without diabetes,
in which GV fluctuates between 0 and 55 mg/dL [15], patients with
T1D showed GV about 2 to 3 times higher, which demonstrates the
difficulty in achieving an insulin replacement system more similar to
the physiological secretion pattern, which shows the need to develop
new techniques and new parameters to minimize glycemic variability.

The use of AHbAlc, defined as the simple difference between
the highest and the lowest HbAlc, has recently been proposed as
a parameter for the evaluation of the long-term effects of glycemic
variability, in order to identify patients with chronic profile of greater
glycemic instability, in order to predict the risk of development of the
chronic complications of diabetes [7,16,17]. It is important to note
that, in the present study, AHbA1c was significantly lower in the group
under treatment with CSIL

The positive correlations of HbAlc, eAG and DAG with plasma
levels of TGC are certainly resulting from lower activity of lipoprotein
lipase in the liver, due to lower availability of insulin [18,19].
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Table 2. Comparison of the studied variables* between types of intensive insulin therapy in volunteers with type 1 diabetes

Variables G1 G2 G3 p-Value p-Value p-Value
(n=54) (n=19) (n=17) (G1&G2) (G1&G3) (G2&G3)
Age (years) 23.5(19-33) 24 (20-36) 23 (13-35) 0.693 0.686 0.375
Men/women (n/n) 34/20 10/9 10/7

BMI (kg/m?) 23.8 (21-26) 22.3 (21-25) 20 (19-22) 0.420 0.005 0.094
Duration of Diabetes (years) 8 (6-13) 14 (8-18) 12 (6-18) 0.029 0.253 0.430
Insulin dose (IU/kg) 0.92 (0.7-1.1) 0.88 (0.7-1.1) 0.71 (0.6-0.8) 0.909 0.017 0.057
HbA, (%) 8.9 (8.2-10.1) 8.2(7.8-9.3) 7.5 (6.8-7.9) 0.191 <0.001 0.009
HbA, (mmol/mol) 74 (66-86) 66 (62-78) 58 (51-62) 0.177 <0.001 0.011
AHDA | 1.14 +(0.6-1.8) 1.22 (0.76-1.43) 0.6 (0.5-0.8) 0.720 0.005 0.003
Estimated Average Glucose (mg/dL) 209 (188-243) 190 (180-221) 169 (148-181) 0.211 <0.001 0.008
Daily Average Glucose (mg/dL) 205 (169-242) 172 (155-232) 167 (147-176) 0.162 0.001 0.097
Standard Deviation of Daily Average Glucose (mg/dL) 100.1 (83-119) 88 (76-127) 64 (57-72) 0.487 <0.001 0.001
Coefficient of Variation of Daily Average Glucose (%) 46.9 (40.1-57.9) 51.6 (46.6-53.6) 37.5(32.3-47.3) 0.244 0.008 0.002
Low Blood Glucose (%) 1.7 (0.8-4.2) 1.8 (0.9-3.8) 4.3 (0.6-6.6) 0.937 0.201 0.272
High Blood Glucose (%) 15.8(9.5-25.4) 19.2 (16.5-22.3) 10.4 (5.8-27.7) 0.440 0.641 0.368
Fasting Plasma Glucose (mg/dL) 176.5 (101-224) 141 (95-244) 134 (121-186) 0.609 0.309 0.662
Total Cholesterol (mg/dL) 173.4 (136-197) 150.3 (136-175.5) 160 (137-176.7) 0.118 0.288 0.757

HDL-Cholesterol (mg/dL) 49.4 (15.1) 54.5(16.8) 58.6 (20)
LDL-Cholesterol (mg/dL) 97.3 (77.2-118.6) 80.7 (64.6-98.9) 79 (66-108) 0.038 0.108 0.810
Triglycerides (mg/dL) 92 (67-140) 87 (55-112) 55 (48-76) 0.276 0.001 0.050
Thyroid Stimulating Hormone (mIU/L) 2.8 (1.7-4.0) 2.4 (1.8-5.4) 1.8 (1.1-2.8) 0.927 0.040 0.073
Microalbuminuria (mcg/mg Creatinine) 4.7 (1.9-8.8) 4(2.4-8.4) 11.4 (2.7-58.4) 0.971 0.061 0.120

Except for HDL-C, which was normally distributed and is presented as mean (SD), all other variables were non-normally distributed and are presented as median (IQR). Comparisons were
done by ANOVA with Bonferroni post-hoc test for HDL-C and by Kruskall-Wallis with Dunn-Bonferroni post-hoc test for all other variables

Table 3. Spearman's ¢ coefficients for the correlations between all pairs of variables studied

# Variables 1 2 3 4 5 6 7 8 0 10 11 12 13 14 15 16 17 18 19
1 SDDAG 1.00

2 DAG 0.645 1.00

3 AHbAlc 0.42%  0.32%  1.00

4 HbAlc 0.67%  0.64% 0415  1.00

5 eAG 0.678  0.65°  0.41%  1.00° 1.00

6 CvV 0.55%  -0.23* 027" 0.10 0.11 1.00

7 FPG 0.13 | 021" | 0.28% 036 037 -0.07 @ 1.00

8 LBGI 0.03 | 0.09 | 0.05 0.06 0.06 -0.02  -0.08 1.00

19 HBGI 0.07  -0.15  -0.03  -0.08 -0.08 022  0.05  -0.28  1.00

10 Age -0.11 | -0.15 ' -0.13 | -0.21° -0.20 = 0.05  -0.15  0.07 @ 0.04 1.00

11 BMI 0.02  -0.15 | 0.08 | 006  0.06 019 @ 0.12  -027" 028 043" 1.00

12 Disease Duration | 0.03 | -0.16  -0.05 -0.14 -0.13 | 0.20 | -0.08 | 0.07 | -0.01 & 0.60°% 0.24" 1.00

13 Dose 0.25"  0.39%  0.24° 025 025  -0.11 | 0.12 | -0.07  -0.17 | -0.50% -0.16  -0.29% | 1.00

14 | Microalbuminuria | -0.13 | -0.03 | 0.14 0.09 | .086 | -0.12 | 0.22° 025" -0.12  0.02 | -0.05  0.18 | 0.02 | 1.00

15 t-C -0.04 | 0.14 | 0.00  0.22° 0.22° -0.22° 0.31% 0.01 -0.05 0.14 023" -0.03  0.08 | 026" 1.00

16 TGC 0.19 027" 0.31% 0.40% 0405 -0.09 0405 -0.11  0.05 001 027" -0.08  0.29% 0.15 048 1.00

17 LDL-C 001  0.14 | 0.03 | 020 020  -0.11 028  -0.05 -0.06 0.01 | 028 -0.07 0.16 021 085 0.40° 1.00

18 HDL-C -0.14 ' -0.12  -0.19  -0.12 | -0.12 | -0.09  -0.06 | 0.08 | 0.03 | 0.12  -0.17 | 0.06 @ -0.21  -0.07 | 0.25" -0.33% -0.08 1.00
19 TSH 0.09 0.19 | -0.05  0.07  0.08  -0.06 0.14 -0.03 0.12 001 0.12  -0.07 0.09 -0.05 0.06 0.30° 0.14 -0.31% 1.00
*p<0.05 and *p<0.01

In relation to treatments, only the intensive treatment group with
CSII approached these goals of good disease control, with a low GV
and HbA1c close to 7%. Among the possible reasons for this improved
performance of the group under treatment with CSII is the use of fast
acting insulin analogue for both basal and meal coverage (bolus dose),
while other forms of intensive treatment always combine one slow-
acting insulin with fast-acting insulin applications. It is well known that
intermediate and slow-acting insulin, mainly NPH insulin, presents
great intra-individual pharmacokinetic variability, which can justify
greater fluctuation in blood glucose [20,21]. Another important reason
for that difference is the way in which insulin is administered; fractional
and gradual release in CSII better mimics the physiological pancreatic
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secretion in relation to other systems, without the deposition of higher
amount of slow acting insulin in the subcutaneous tissue as occurs in
those systems. In fact, the use of significantly lower doses of insulin in
the volunteers being treated with CSII is consistent with the best results
presented by the disease control indicators.

The limitations of this study are those of real-life studies, where the
groups are not controlled and therefore what determines the therapeutic
choice used by each patient group could constitute a selection bias.
However, the real-life studies are important because they contribute
with clinical answers on the effectiveness of a treatment or intervention
in routine situations and, with this, allow high generalization of the
findings [22].
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It is important to note that the population of the present study was
fully constituted of volunteers attended by government public assistance
services, with strict criteria to define the type of treatment to be used.
According to these criteria, the use of basal insulin analog (glargine)
associated to multiple daily doses of fast-acting insulin (G2) is only
authorized by the Brazilian Public Health System after therapeutic
failure with the scheme based in basal NPH insulin and multiple daily
doses of fast-acting insulin (G1). Besides this, the use of the CSII system
(G3) is only released after therapeutic failure with the others two types
of intensive treatment, due to the high cost of this therapy. Therefore,
very possibly group 3 was composed of patients with more difficult
clinical conditions in relation to groups 2 and 1. The higher values of
microabuminuria, with a borderline significance, of group 3 in relation
to group 1, seem to support this idea.

Due to the multifactorial nature of the mechanisms involved in the
pathogenesis of the chronic complications of diabetes, which include
ischemia, inflammation and glycotoxicity, it was expected to find weak
to moderate correlations between the variables studied. However, the
existence of these correlations reinforces the need to develop new and
more specific studies on the implications of glycemic variability in the
pathogenesis of the chronic T1D complications.

Similar to what was found in the literature with controlled studies,
in this real-life study greater efficacy was observed in the glycemic
control of the group with continuous subcutaneous insulin infusion,
which had values closer to the goal of good control of HbAlc and lower
glycemic variability in relation to the other types of intensive treatment
analyzed here.

In addition, the positive correlation observed between SDDAG and
HbA1c indicates that this GV marker can be used in the short term as a
predictor of the glycated hemoglobin levels in order to allow directions
and earlier adaptations in clinical management.
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