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Characteristics of Glycemic Variability
in Patients with GCK-MODY

Pesome
GCK-MODY — 0AMH 13 caMbixX pacnpoCcTpaH&HHbIX BapuaHToB caxapHoro avaberta (C/l) Tvna MODY (40-60 %) B eBponeiickoit nonyasumu. Mpu

auarHoctmposaHum GCK-MODY BO3MOMXHO UCM0/Ib30BaHWe CUCTEM HEMPEPBIBHOrO MOHUTOPUHIA r/Il0K03bl (HMT), 4To NO3BOASIET NPOBOANTD Yriy-
6/1eHHbIN aHaNM3 BapuabenbHOCTH F/1t0KO3bI (Bl) € MCMONb30BaHWEM MaTEMaTUYECKUX UHAGKCOB 1 eTa/bHO OLEHMUBATb MMKEMUYECKUIA MPOdGUIIb.
Llenb nccnegoBaHns — U3y4ynTb 0CO6EHHOCTM BapnabesibHOCTU YPOBHA FOKO3bl Y nL, Monogoro Bospacta ¢ GCK-MODY guabetom. Y 20 nauueH-
TOB (7 MY>UMH 1 13 eHLWH, MeAnaHa Bo3pacTa npu guarHoctrposanum CZ 6bina 28,0 [18,0; 36,0] neT) ¢ NOATBEPAEHHON MOJIEKYNAPHO-TeHe-
TUYECKWUM NCCNei0BaHMEM MyTaLMelt B reHe r/IFOKOKMHa3bl MPOBE/EHO CYyTOYHOE NCCeJ0BaHME YPOBHA MOKO3bI C UCMO/b30BaHMEM NOPTaTUBHBIX
cnctem HMT v aHanus nHgekcos BaprabeibHOCTU FOKO3bI C MOMOLLbIO CMeLMann3npoBaHHON KoMMbloTepHol nporpammbl GLINVA.

Mpw onpeseneHnn pyTUHHbIX NOKa3aTesiei yr/1eBOAHOro 06MeHa (r/1toKo3bl naasmbl HaTowak (MMH) 1 rMKMpOBaHHOTO reMor06uHa) y 60/1bLMHCTBA
naumenTos ¢ GCK-MODY Habt04aloTca Lie/ieBble 3HaYeHUs, YTO OMpeAeNseT TaKTVUKY BeeHUn NaLyeHTOB U3 AaHHO rpynMbl nauueHToB (pauo-
Ha/bHOE MUTAHME UAWM MUHUMANbHbIE 403bl MEPOPasIbHbIX CaxapoCHWKatoLWMX npenapaTtos). OgHako noce nposegeHns HMI 1 n3yyeHus MHAeKCOB
BI', onpeaeneHo, 4To y HEKOTOPBLIX NALMEHTOB MHAEKChI 6biIN Bbille pedepeHCHbIX 3HaYEHWI NPY HOPMa/ibHbIX MOKa3aTeNAaX rINKMPOBaHHOMO reMo-
rnobuHa u IMH, 4to TpebyeT KOoppeKLWK Tepanuu. MonyyeHHble pe3yabTaThl Npy u3ydenun Bl y any ¢ GCK-MODY nokasbiBatoT HU3KYto Bl B TeyeHve

CYTOK, 4TO, BEpOATHO, O6yCI'|aBI1MBaeT MeHbLUYH 4acToTy pa3BUTUA AMaGeTM‘-IeCKMX OC/IOXKHEHUI 1 onpeaendaeT TaKTUKY BeeHUA NnayneHToB.
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Abstract

GCK-MODY is one of the most common MODY variants (40-60 %) in the European population. It is possible to use continuous glucose monitoring
systems (CGMS) when diagnosing GCK-MODY which allows for an analysis of glucose variability (GV) using mathematical indices and a detailed
assessment of the glycemic profile. The purpose of this abstract is to investigate the features of GV in young people with GCK-MODY. A daily study
of glucose levels was performed using portable systems for CGMS in 20 patients (7 men and 13 women, median age at diagnosis of DM was 28.0
[18.0; 36.0] years) with a mutation in the glucokinase gene confirmed by molecular genetic testing. There was also performed an analysis of glycemic
variability indices with the specialized GLINVA program.

Most patients with GCK-MODY have target values when determining routine indicators of carbohydrate metabolism (fasting plasma glucose (FPG)
and glycated hemoglobin), they determines the tactics of managing patients from this group of patients (rational nutrition or minimal doses of oral
hypoglycemic drugs). However, after conducting CGMS and studying the GV indices it was determined that in some patients the indices were higher
than the reference values with normal levels of glycated hemoglobin and FPG, and it is this group of patients that needs therapy correction. The
results demonstrate a flat glycemic profile during the day which probably causes a lower incidence of diabetic complications and determines the

tactics of GCK-MODY patient management.
Key words: GCK-MODY, glycemic variability, continuous glucose monitoring
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BG — average daily blood glucose level, CGM — continuous glucose monitoring, CMD — carbohydrate metabolism disorders, DM — diabetes mellitus,
FPG — fasting plasma glucose, GAD — anti-glutamic acid decarboxylase autoantibody, GCK — glucokinase, GV — glucose variability, HbAlc — glycated
hemoglobin, HBGI — high blood glucose index, IA-2A — antibodies to tyrosine phosphatase, ICA — islet-cell antibodies, LBGI — low blood glucose
index, MAGE — mean amplitude of glycemic excursion, MODY — maturity-onset diabetes of the young, NGS — next generation sequencing, OHGD —
oral hypoglycemic drugs, SD — standard deviation

Introduction , . . .
performing a comprehensive analysis of glucose variabil-

GCK-MODY (Glucokinase-maturity-onset diabe-
tes of the young) is one of the most common variants
(40-60 %) of MODY-type diabetes mellitus (DM) in the
European population [1]. Most patients diagnosed with
GCK-MODY demonstrate no clinical manifestations of
diabetes mellitus (DM), and carbohydrate metabolism
disorders (CMD) in such cases are found during routine
tests [2]. Hyperglycemia associated with glucokinase
defects is usually moderate and may be either intermit-
tent or stable over months, or even years. The severity of
fasting hyperglycemia in GCK-MODY patients increases
very slowly; glycated hemoglobin (HbAlc) level varies
from 5.9% to 7.6 % [3, 4].

When diagnosing GCK-MODY, continuous glucose
monitoring (CGM) systems can be used; they allow

ity (GV) using mathematical indices, as well as detailed
assessment of glycemic profile [5]. These measures help
to determine the most optimal and effective approach for
managing such patients, since they do not always require
insulin therapy and oral hypoglycemic drugs (OHGD);
in most cases, dietary recommendations are sufficient.
Moreover, using the CGM technique in the proband’s
relatives allows diagnosing them with carbohydrate
metabolism disorders at preclinical stages, predicting
the course of the disease, and prescribing a pathogenetic
therapy. Thus, modern diagnostic methods can help to
reduce the rate of medical errors in the diagnosis and
management of patients with such a rare type of DM
as GCK-MODY; it improves their life quality and is an
important issue in endocrinological practice.
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The objective of this study was to analyze the spe-
cific features of glucose variability in young patients with
GCK-MODY diabetes mellitus.

Materials and methods

The study was performed at the Research Institute
for Treatment and Preventive Medicine (RITPM), a
branch of the Institute of Cytology and Genetics, Sibe-
rian Branch of Russian Academy of Sciences (C&G SB
RAS). At the first stage of the study, the patients (n =
66) who were previously observed with a diagnosis of
“diabetes mellitus, type to be clarified, possibly MODY”
underwent a complete clinical examination; the fol-
lowing parameters of carbohydrate metabolism were
assessed: fasting plasma glucose (FPG), C-peptide,
HbAlclevel and antibodies (to pancreatic B-cells, to glu-
tamate decarboxylase, to tyrosine phosphatase). Criteria
for inclusion in the group of patients with GCK-MODY
phenotypic signs: age of hyperglycemia diagnosis from
18 to 45 years; signed informed consent to participate
in the study; carbohydrate metabolism disorder, twice
confirmed by laboratory test results (DM diagnosis was
verified on the basis of two laboratory tests of fasting
blood glucose > 6.1 mmol/L for whole capillary blood
(7.0 mmol/L for venous plasma) and/or 2 hours after oral
glucose tolerance test, or random determination of glu-
cose in whole capillary or venous blood > 11.1 mmol/L
and/or HbAlc > 6.5%;); no antibodies to pancreatic
B-cells (ICA), glutamate decarboxylase (GAD), tyrosine
phosphatase (IA-2A); normal or slightly reduced C-pep-
tide level; no absolute need for insulin therapy; no keto-
acidosis at the time of disease onset. Exclusion criteria:
history of tuberculosis of lungs or other organs; history
of human immunodeficiency virus infection; present
infectious disease due to hepatitis B virus or hepatitis

Table 1. Characteristics of patients with GCK-MODY (n=20)

C virus that requires antiviral treatment; administra-
tion drug products that cause hyperglycemia, includ-
ing glucocorticoids; confirmed neonatal diabetes mel-
litus in the proband; phenotypic signs of other genetic
syndromes in the proband, with the symptom complex
including hyperglycemia.

At the next stage, all patients underwent molecu-
lar genetic analysis using targeted high-throughput
next-generation sequencing (NGS) technique. The
mutations found were verified using direct automated
Sanger sequencing. According to the study results, GCK-
MODY was confirmed in 43 (65.1 %) out of 66 examined
patients. To study glucose variability in young patients
with GCK-MODY diabetes mellitus, a random sample
of 20 patients (7 male and 13 female patients, median
age at the time of being diagnosed with DM was 28.0
[18.0; 36.0]) was selected. Median DM duration was 2.0
[1.0;4.0] years. Baseline parameters of the studied group
of patients are presented in Table 1.

At the time of enrollment, patients had no overweight
or obesity, cardiovascular diseases, diabetic retinopathy,
or nephropathy.

At the third stage, the studied group of patients
received a CGM system — portable Medtronic Min-
iMed (USA). For the study, the portable systems in each
patient were programmed to measure glucose level every
5 minutes for at least 5 days. The median CGM dura-
tion was 6.0 [5.0; 13.0] days. The monitoring results were
integrated into the Medtronic CareLinkPro software.
To analyze GV, the following values were assessed: aver-
age daily glucose level (BG, blood glucose), standard
deviation (SD), mean amplitude of glycemic excur-
sion (MAGE), high blood glucose index (HBGI), low
blood glucose index (LBGI). For the subsequent math-
ematical processing of the data obtained and for the
calculation of GV parameters selected for interpreting

Indicators (reference values), units of measurement

| Index (median)

Gender

The average age of diagnosis verification, years
The median duration of diabetes, years

FPG (3,3-6,0), mmol/l

HbA1lc (less than 6.5), %
C-peptide (0.7-1.9), ng/m

Body mass index (weight, kg/height, m?)

LDL-C, mmol/l

HDL-C, mmol /1

O6mnit xonecrepun, mmons/n/ Total cholesterol, mmol/l
Tpurnuuepunsl, Mmons/n/ Triglycerides, mmol/l

Otsrouexubiit anamues 1o CC3/ Burdened history of CVD, n (%)
Orarouenubiit anamues 1o CJlI/ Burdened history of diabetes, n (%)
Kypenne/ Smoking, n (%)

65.0 % female patients; 35.0 % male patients (p = 0.08)
28,0 18,05 36,0]
2,0 [1,0:4,0]
6,1 [5,8; 7,0]

6,0 [4,5;6,6]
0, 8 [0,4;1,7]

28,3 [21,7; 29,4]

2 [1,7;2,9]
1,3 [1,051,4]
4,5 [4,3;5,1]
1,2 [1,051,5]

4(20,0)
2 (10,0)
7 (35,0)

IIpumevaHme: faHHbIe MPUBeeHbl Kak Me (25-it mpoueHTIIb — 75-it mponeHTin), n (%); ITIH — rmokosa maasmer HaTomrak; CJl-caxapubiit guaber; CC3-cepredHo-cocyucTbie
sabonesanus; JITIBIT — JTUIIONpPOTen bl BbICOKOH nnoTHocTy; JITTHIT-nunonporen bl HU3KOI NIOTHOCTI
Note: data are given as Me (25th — 75th percentile); FPG — fasting plasma glucose; CVD — cardiovascular disease; LDL -C — low density lipoproteins; HDL-C — high density

lipoproteins
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Figure 1. Research design

Continuous Analysis of GV
glucose in patients of the
monitoring study group with
(CGM) by GCK-MODY
Medtronic
MiniMed

Calculation of GV

indices (GLINVA

Program)

Note: GCK gene — Glucokinase gene, CGM — Continuous glucose monitoring, GV — Glycemic Variability, GCK -MODY — Glucokinase maturity onset diabetes of the young

the results of this study, a specialized calculator software
GLINVA (Russia) was used. The GLINVA calculator
software was developed at RITPM, a branch of the C&G
SB RAS (computer software state registration certificate
No. 2019660636 dated August 9, 2019; patent for an
invention No. 2746830 dated April 21, 2021). The design
of this study is provided in Figure 1.

Statistical processing of the results was carried out
using IBM SPSS Statistic 23 software (USA). Since the dis-
tribution of quantitative characteristics differed from the
normal one, non-parametric methods of analysis were
used: median (Me) was determined, with the 25th and
the 75th percentiles in the Me format [Q25; Q75].

Results and discussion

The results of the study revealed that most patients
(195 97.0 %) with GCK-MODY achieved the target levels
of FPG and HbAlc (Table 2). C-peptide median level
was within the reference values in 100.0 % of cases; it
indicates the preserved insulin secretion by pancreatic
b-cells. GV parameters were assessed in all patients of
the studied group; the results are presented in Table 2;
one can compare the values in individuals with no DM
and in GCK-MODY patients.

The SD parameter is used in many research papers
and describes the dispersion of glycemic values. Mean

daily glucose (BG, blood glucose) is calculated auto-
matically by the CGM system; in this study it was
7.5 mmol/L that confirms mild hyperglycemia in
GCK-MODY patients. The MAGE score was developed
to assess postprandial hyperglycemia. In individu-
als with normoglycemia, this value ranges from 0 to
2.8 mmol/L. Similar values were observed in patients
with GCK-MODY; it indicates low GV and is probably
associated with a low risk of micro- and macrovascu-
lar complications. The risks of hypo/hyperglycemia
can be assessed by calculating HBGI (hyperglycemia
risk) and LBGI (hypoglycemia risk). In GCK-MODY
patients, the risk of hyperglycemia is within the refer-
ence range, as well as in individuals with normoglyce-
mia. The increased LGBI value indicates the possibility
of hypoglycemia in the studied group. Analysis of the
CGM curves of all 20 patients revealed that they had no
nighttime (00:00-06:00) hypoglycemia episodes. Based
on the data obtained, it was found that even individuals
with GCK-MODY who have achieved the target levels
of FPN and HbA1c require CGM to determine the indi-
cations for treatment adjustment.

There are few published data on the CGM in indi-
viduals with MODY. In 2017, Moscow researchers con-
ducted a similar study with 312 patients (162 male,
150 female patients) aged from 3 months to 25 years,
suspected of MODY [6]. It was found that the most

Table 2. Indicators of glycemic variability in patients with GCK-MODY (n=20)

Different Indexes of Glycemic Variability

Reference values of GV parameters

GV scores in individuals

(M) in individuals without DM with GCK-MODY
BG (blood glucose), mmol/l <5,6 7,5
MAGE (mean amplitude of glycemic excursions), mmol/l 0—2,8 2,5
HBGI (high blood glucose index) 0—77 1,6
LBGI (low blood glucose index) 0—6,9 9,0
SD (standard deviation) 0—2,8 1,5

Note: GV — glucose variability, DM — diabetes mellitus
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common MODY subtype in the Russian population
is GCK-MODY. According to the results of our study,
GCK-MODY was confirmed in 65.1% of the subjects.
Median glycated hemoglobin in the above work was 6.4
[4.5; 7.7] %; it did not differ from the median HbAlc
level at the time of diagnosis that indicates a non-pro-
gressive course of carbohydrate metabolism disorders
in GCK-MODY. One of the typical signs of the studied
diabetes type is the moderate fasting hyperglycemia.
All patients had fasting hyperglycemia at the time of
CMD detection, and it is comparable to the results of
our study.

The results of scientific studies revealed that, despite
a long history of hyperglycemia in patients (the mean
duration was 48.6 years) with mutations in GCK gene,
the prevalence of micro- and macrovascular diabetic
complications in them was the same as in the general
population [7; 8]. The risk of developing cardiovascu-
lar diseases (CVD) in individuals with GCK-MODY is
similar to the population risk [9]. Some other studies
provide similar data, that although (-cell and hepato-
cyte function in GCK-MODY is altered, hyperglycemia
associated with glucokinase defects is usually moder-
ate. Nevertheless, mutation carriers have CMD since
birth [10]; they can be detected as early as in the first
years of life and, in almost all individuals, by the end
of sexual maturation [11]. The severity of fasting hyper-
glycemia increases very slowly: HbAlc level in patients
with GCK-MODY is 5.9-7.3 % in the age group up to
40 years, and 5.9-7.6 % in the age group 40+. A more
aggressive course of this type of DM is observed in cases
when a GCK mutation is accompanied by insulin resis-
tance and obesity [7].

Turkish scientists performed glucose level monitor-
ing in 8 patients with mutations in the GCK gene with a
glycated hemoglobin level of up to 7 %. They found that
daily glucose values were above the normal range in half
of patients. Thus, the individuals with GCK-MODY do
not present high glucose levels, however, they should
be adjusted with dietary and lifestyle changes [12].
The results of this study are consistent with the data
obtained during the research work in our clinic; they
demonstrate the reasonability of dietary interventions
and hypoglycemic therapy for individuals with GCK-
MODY, since several patients do not achieve their
target values. Thus, the assessment of glucose variabil-
ity using modern portable systems has been success-
fully used to analyze the course of a monogenic type of
diabetes mellitus.

Conclusion

1) Most patients with GCK-MODY had target values
of the routine carbohydrate metabolism (FPG and
HbAlc) parameters, however, CGM results revealed
that the values in several patients are higher than the
reference ones; therefore, the treatment should be
adjusted.

2) The patients with GCK-MODY had low daily glu-

cose variability that probably causes a lower frequency
of diabetic complications than in the patients with
other DM types.
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