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RISK FACTORS FOR DEVELOPMENT OF TYPE 2 DIABETES MELLITUS
IN PATIENTS WITH OBESITY IN LATE POST-COVID PERIOD
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®AKTOPBI PUCKA PA3BUTHSA CAXAPHOTO TABETA 2-ro THIIA
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IOCTKOBUIHOM ITEPUO/IE
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Ilepmckuii 20cyoapcmeenbiii MeOUUUHCKULL yHusepcumem umeny axaoemuxa E.A. Bazuepa,
Poccutickasn Qeoepauus

Objective. To study the risk factors for developing type 2 diabetes mellitus in patients with obesity after COVID-19.
Materials and methods. 61 case histories and outpatient card abstracts of patients with obesity, who suffered
from moderate and severe forms of COVID-19 from 02.2021-04.2022 were analyzed. Demographic, laboratory
and clinical parameters were studied during hospitalization and 12 months after discharge from the hospital. All
patients initially were divided into 2 groups according to the glycated hemoglobin level. Group 1 consisted of
46 patients with prediabetes and group 2 included 15 patients without carbohydrate disorders.

Results. The median age of all patients was 64 (59-60) years. Median of HbAlc was 6,0 (5,0-6,2) %, BMI —
34 (33-35) kg/m". 24 patients from group 1, who took DPP-4-inhibitors in early post-COVID-19 period consti-
tuted subgroup 1A and 22 patients, who refused treatment with these drugs, constituted subgroup 1B. Currently,
2 patients from subgroup 1A and 10 patients from subgroup 1B (=82 p=0,004) have been diagnosed with
DM2. In patients who developed DM2 in late post-COVID period the levels of HbAlc, fasting plasms glucose and
BMI at the time of admission to the hospital were significantly higher (7=12) than in patients with persistent
prediabetes (11=34), (p<0,05). Positive correlation between these parameters and the risk of developing DM2
(R=0,5, p<0,05; R=0,74, p<0,05; R=0,54, p<0,05, respectively) was determined. In group 2, DM2 is currently di-

© Yuzhakova EV,, Shanko Z.G., Smirnova EN., 2024

tel. +7 912592 70 80

e-mail: uzkaty@mail.ru

[Yuzhakova EV. (*contact person) — Candidate of Medical Sciences, Associate Professor of the Department of Endo-
crinology and Clinical Pharmacology, ORCID: 0000-0001-5262-9378; Shanko Z.G. — Candidate of Medical Sciences, Assis-
tant of the Department of Endocrinology and Clinical Pharmacology, ORCID: 0009-0003-7873-0505; Smirnova EN. - MD,
PhD, Professor, Head of the Department of Endocrinology and Clinical Pharmacology, ORCID: 0000-0003-2727-5226].

© [Oxaxosa E.B,, llanpko XKI., Cmupnosa EH., 2024

TesL: +7 912 592 70 80

e-mail: uzkaty@mail.ru

[fOxaxoBa EB. ("KOHTAaKTHOE MHII0) — KAHAWAAT MEAULMHCKUX HAYK, JOLEHT Kahepbl SHAOKPUHONIOTUY 1 KIMHIYE-
ckoit (papmaxosoruu, ORCID: 0000-0001-5262-9378; Illanbko JKI. — KAHIUIAT MEMIMHCKUX HAYK, ACCHCTEHT Kadeapsl
SHIOKPUHOJOTUN U KIMHIIECKO! (papmakonoruu, ORCID: 0009-0003-7873-0505; CmupHOBa EH. — IOKTOp MEAMIMHCKIX
HayK, podeccop, 3a8. Kaenpoit SHAOKPUHOMOTUH 1 KTMHUYECKOH (papmakonoruy, ORCID: 0000-0003-2727-5226).

81



ORIGINAL STUDIES

agnosed in 2 male patients with BMI over 40 kg/m’. When comparing subgroup 1B and group 2, it was found
out that DM2 in the post-COVID period occurs in every second patient with the previous initial carbohydrate
disorders: in 10 people of 22 — in subgroup 1B (every 2™ patient) versus 2 patients from group 2 (every 7" pa-
tient), (’=4,2, p=0,04). Online calculator from medstatistic. ru was used to determine relative risk (RR).
Conclusions. Thus, presence of impaired glucose tolerance increases the risk of development of DM2 in late
post-COVID period. In patients with hyperlycemia on hospitalization for COVID-19, who did not receive in-
cretin therapy (subgroup 1B) risk of DM2 was 34 times higher (CT 95 %=0,87-13,40). Patients, who received in-
cretin (subgroup 1A) had risk of DM2 = 0,6 (CI 95 %=0,09-3,97). It should be assumed that incretin therapy
prevents development of DM2 in patients with hyperglycemia/impaired glucose tolerance after COVID-19.
Keywords. Obesity, COVID-19, hyperglycemia, impaired glucose tolerance, type 2 diabetes mellitus, dipepty-
dilpeptidase-4-inhibitors.

Ieab. M3yuntb (HaKTOPBl PUCKA PA3BHTHA CAXAPHOIO Auadera 2-10 tuna (Cl2) y ML ¢ OKUPEHHEM, TIepe-
Hecumx COVID-19.

Marepuais! 1 MeToabL. [I[poOaHAIM3MPOBAHA 61 UCTOPHS GOJIE3HH ¥ BBITHCKY aMOYIATOPHBIX KAPT MAIMEHTOB
¢ oxupenneM, nepesecuix COVID-19 cpenert u Tsokenoit crenenu B nepuop 02.2021-04.2022. Msydens! iemo-
rpapuyecKue, 1a00paTOPHbIE U KIMHUYECKUE TTaPAMETPBI B IEPUOJ IOCIIUTAIM3ALMY U CIYCTS 12 MECALEB C MO-
MEHTA BBIIUCKU U3 CTAloHapa. [10 ypoBHIO MMKrpoBaHHOTO remornobuHa (HbAlc, %) 60/bHBIE HCXOIHO ObUTH
PpasiesieHbl Ha JIBE TPYIIIBL TPYIITY 1 COCTABUHM 46 MAIMEHTOB C HAPYIIEHUEM TONEPAHTHOCTH K ITIOKO3€ U IPYTI-
1y 2 — 15 4enoBeK 6€3 YIVIEBOAHBIX HAPYIIEHNH. KOMMUeCTBEHHBIE JAHHbIE TIPE/ICTABICHDI B BUIC MEAUAHBL
Pe3ympraTsl. Meauana Bospacra 61 GombHOro cocrasiia 64 (59-66) rona. Menuana HbAlc 6,0 (5,6-6,2) %,
unzekca Macesl Tema (MMT, kr/m’) — 34 (33-35) Ko/’ Tlocie BHITMCKM U3 CTAIMOHAPA 24 TAIMEHTa U3
1-11 TpyIIIBL, IPMHUMABIINAE HHIMOUTOPBI AUNENTHAIIENTHAA3H 4-T0 Tuna (BIII1-4), chopmuposatu nog-
rpynny 1A, B moarpymiy 15 Bomwm 22 ManyeHTd, HE MPMHUMABIINE TEPAIHUIO [0 NPUYMHE OTKA32. K Ha-
croduemy BpeMenu ClI2 MarHOCTUPOBAH Y 2 MALMEHTOB U3 NOATPYMIbl 1A 1y 10 YenoBek U3 MOATPYIIILL
1B (' =82 p=0,004). 3nauenus HbAlc, rmoxo3sl 11a3Mel HaTomak ¥ UMT B IEpHOJ TOCIUTANIN3ALUH 110
npuune COVID-19 6bUIM JOCTOBEPHO BBILIE Y NALUEHTOB C PA3BUBLIMMCA B IIO3/JHEM IIOCTKOBHJHOM IIE-
puoge CI2 (n=12) no cpasuenuo ¢ nauuenramu 6e3 CIA2 (n=34) (p <0,05). BblABneHA NONOKATENbHAS
Koppemuua Mexay puckom passurusa CI2 u HbAlc, rmokosodt miasmel Hatomak, UMT (R = 0,5, p <0,05;
R=0,74, p < 0,05, R = 0,54, p < 0,05, cOOTBETCTBEHHO). B rpymme 2 B HacTosmee BpeMsa Auarno3 CI2 ycTaHos-
Jen y 2 MyxumnH ¢ UIMT 6onee 40 kr/m”. Tlpu cpasaern noarpymmsl 15 u rpyrmst 2 BbisteieHo, uto G2 B 11o-
CTKOBU/JHOM IEPUOJE BCTPEYACTCA NPU HAIMYUU TIPEAIECTBYIOIMX YITIEBOAHBIX HAPYIEHUH Y KAKIOIO BTO-
poro manyenta: y 10 desoBex u3 22 B nogrpymne 1b npoTus 2 4enoBeK U3 IPYIIbL 2 (KOKIBIA 7-1 MALUEHT)
(¢’ =4,2; p=0,04). Jina onpeseNeHnst OTHOCUTENBHOIO pricka (RR) B3aT online-KabKy/arop ¢ medstatistic.ru.
BeiBoAbL. TakuM 0OPA30M, HAIMYUE TMIEPIIMKEMUN (HAPYLIEHUE TOIEPAHTHOCTU K IVIOKO3€) YBEIUYUBACT
puck passutyd ClI2 B OTAUIEHHOM IIOCTKOBUHOM IEPUOJE. Y NALUEHTOB C TMNEPIVIMKEMUEN BO BPEMS I'OCIIH-
tamsanuy ¢ COVID-19, He NOMy4aBINX HHKPETUHOBYIO TEPANHIO (ToArpynma 1b), puck passurus C/I2 ysenu-
yuBaICca B 34 pasa (AU 95 % = 0,87-13,40). V nauueHToB, NOAY44BINX HHKPETUH (IIOArpynna 1A), puck pas-
Byt CJI2 yBenmuuusasics B 0,0 paza (AU 95 % = 0,09-3,97). Cnejyer NPEAIOIOKUTb, YTO NHKPETUHOBAS Tepa-
A IPOPUIAKTAPYET passutre ClI2 y MALMEHTOB € THNEPITMKEMUEH 0Ce nepeneceHHoro COVID-19.
KiroueBsie cnosa. Oxupenue, COVID-19, runeprivkeMus, HApYIEHUE TONEPAHTHOCTH K ITIIOKO3€, Caxap-
HBIY Ia6ET 2-TO TUIA, MHIUOUTOPBI AUNENTHAWIICITH/A3b! 4-T0 THIIA.

INTRODUCTION tients constituted the main cohort of pa-
tients hospitalized with COVID-19 [1; 2].
The current decade brought together  Notably, obesity leads to a more severe

two pandemics, obesity and COVID-19,  course of COVID-19 and increases the risk of
which have aggravated pathogenetic mecha-  poor outcomes of this viral infection [3]. In
nisms. Studies have shown that obese pa- 2020, mortality from COVID-19 was 10
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times higher in countries where majority of
the adult population is overweight [4]. Ac-
cording to Chinese researchers, obesity oc-
curs in 41.7 % of patients with COVID-19,
second to arterial hypertension [5]. Owing to
its pathogenetic commonality, obesity is of-
ten combined with carbohydrate disorders,
including among patients with COVID-19
[6]. According to the Russian studies “ACTIV”
and “ACTIV 2" hyperglycemia was detected
in 289 % of COVID-19 patients [7]. In such
patients, newly diagnosed hyperglycemia
may indicate the presence of diabetes melli-
tus (DM), prediabetes, or transient steroid-
induced hyperglycemia [8]. To verify the type
of carbohydrate disorder, glycated hemoglo-
bin was determined. Not all patients, espe-
cially those without an established DM diag-
nosis, have normal glycemic levels during the
period of convalescence after COVID-19.
The history of COVID-19 infection contrib-
utes to the deterioration of control of exist-
ing DM and progression of prediabetes to
diabetes, which aggravates the course of
postCOVID  syndrome in these patients
[9; 10]. Researchers have focused on new
cases of type 2 DM (T2DM) following
COVID-19. The risk of developing T2DM
after COVID-19 is 4.9 % higher than the av-
erage in the population [11]. Special atten-
tion should be paid to patients with predia-
betes, as they have a greater risk of
developing T2DM. DM was found to
aggravate the course of COVID-19, and
therefore, the search for drugs that reduce
hyperglycemia and improve the prognosis
continued throughout the epidemic. The ef-

fects of the main groups of glucose-lowering
drugs (GLDs) on the course of the acute period
of COVID-19 in T2DM patients have been ana-
lyzed. Dipeptydilpeptidase-4 (DPP-4) inhibi-
tors and sodium-glucose co-transporter 2 in-
hibitors are promising and priority groups of
GLDs in the treatment of postCOVID hyper-
glycemia; however, no data was recorded on
their use in patients with prediabetes (of label
prescription) and hyperglycemia [10]. Studies
that analyzed the outcomes of newly diag-
nosed hyperglycemia against COVID-19 in pa-
tients with prediabetes in the late postCOVID
period are few.

Thus, this study aimed to assess the sig-
nificance of risk factors for the develop-
ment of type 2 DM in obese individuals
with a history of COVID-19.

MATERIALS AND METHODS

A retrospective analysis of 61 medical
histories and outpatient records of obese pa-
tients who had moderate COVID-19 between
February 2021 and April 2022 was performed.
Demographic, laboratory, and clinical pa-
rameters during hospitalization and 12 months
after discharge from the hospital were stud-
ied. Laboratory data include determination of
levels of hemoglobin, ESR, blood plasma glu-
cose, glycated hemoglobin (HbAlc, %),
D-dimer, and procalcitonin, which were
determined on hospitalization day two.
Data were obtained from electronic health
records. Inclusion criteria were age >50 years,
COVID-19 diagnosis confirmed by chest CT
and PCR, BMI >30 kg/m’, and HbAlc level (%)
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upon admission <6.5 %. All patients received
glucocorticosteroid therapy during the acute
phase of COVID-19. According to the level of
HbAlc (%) determined upon hospital admis-
sion, patients were distributed into two
groups: group 1, 46 patients with prediabetes
(HbAlc < 6.5 %-> 5.8 %), and group 2, 15
people without carbohydrate disorders.
Statistical processing of the results was
performed using the Statistica 6 package.
Quantitative characteristics are presented
in the form of a median. The significance
of differences between the groups was as-
sessed using nonparametric comparison
methods based on qualitative and quanti-
tative criteria, namely, the Mann-Whitney
U test and y” criterion. Spearman’s test (R)
was used for correlation analysis. To de-
termine the relative risk, an online calcula-
tor from medstatistic.ru was utilized.

RESULTS AND DISCUSSION

The median age of the 61 patients was
04 (59-06) years; of the total number of

patients, 34 were men (56 %) and 27 (44 %)
were women. The median glycated hemo-
globin and BMI was 6.0 (5.6-6.2)% and 34
(33-35) kg/m’, respectively. A comparative
analysis of all parameters was performed
between the groups of patients at baseline.
The data is presented in Table 1.

After hospital discharge, patients in
group 1 were recommended to have a
combination of metformin and DPP-4-
inhibitors for 3 months, with further refer-
ral to an endocrinologist.

The use of DPP-4 inhibitors in the
group with impaired glucose tolerance
(IGT) should be clarified. At the time of
hospital discharge, all patients from group 1
(IGT) were diagnosed with T2DM, which
was established based on additional glyce-
mic tests performed during hospitalization,
despite having an initial HbAlc level of
<6.5 %. Low availability of endocrinologists
on an outpatient basis at that time was con-
sidered, which required hospital endocri-
nologists to prescribe glucose-lowering
therapy upon discharge. Therefore, the use

Table 1
Comparative characteristics of the main parameters in groups 1 and 2 (median)
Parameter Group 1,7 =46 Group 2,n=15 P
Age, years 04 (59-67) 03 (58-65) na.
BMI, kg/m’ 34.5 (33.5-35.0) 35.0 (34.0-39.0) na.
Hemoglobin, g/ 125 (120-128) 127 (120-138) na.
ESR, mm/h 02 (55-67) 49.5 (32-60) na.
Glucose, mmol/1 8.1(79-9.1) 05 (59-73) 0.000
Glycated hemoglobin, % 0.0 (6.0-6.2) 5.3 (5.2-5.5) 0.000
Procalcitonin, ng/ml 1.2 (0.22-2.1) 0.8 (0.2-1.6) na.
CRP, mg/! 535 (24-83.5) 43 (12-79) na,

Note: n.a., not available.
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Table 2
Comparative characteristics of the main parameters in subgroups 1A and 1B
(median)
Parameter Subgroup 1A, 7 =24 Subgroup 1B, n =22 P
Age, years 03.5 (60.5-67) 02 (56-69) na.
BMI, kg/m’ 33.0 (32.5-35.0) 34.0 (34.0-30.0) na.
Hemoglobin, g/1 126 (121-128) 122 (120-135) na.
ESR, mm/h 00 (57-61) 595 (42-63) na.
Glucose, mmol/1 8.0 (7.7-8.8) 82 (79-89) na.
Glycated hemoglobin, % 0.0 (59-6.2) 0.1 (5.8-6.3) na.
Procalcitonin, ng/ml 1.4 (0.25-2.0) 09 (04-1.8) na.
CRP, mg/1 135 (24-765) 48 (32-80) na

of DPP-4 inhibitors in this situation was in-
dicated. Moreover, during that time, infor-
mation about the beneficial effects of in-
cretin therapy on the course and outcomes
of DM in COVID-19 was provided [12; 13].
Thus, these patients had a diagnosis of
T2DM; however, from the perspective of
current concepts, we continued to interpret
their condition as IGT.

Among 46 patients, 24, who made up
the subgroup 1A, took these drugs for at
least 3 months, and 22, who made up the
subgroup 1B, refused treatment. No signifi-
cant differences were noted between the
main parameters in the subgroups during
hospitalization (Table 2).

By the time of outpatient consultation
with an endocrinologist, 4-6 months after
hospitalization, the patients were not taking
DPP-4 inhibitor therapy or metformin. After
additional analysis, the patients’ condition
was reclassified. By this time, T2DM was di-
agnosed in two patients from subgroup 1A
and 10 from subgroup 1B (x* = 8.2
p = 0.004). In patients with currently con-

firmed T2DM (n = 12), during hospitaliza-
tion, the values of HbAlc, fasting plasma glu-
cose, and BMI were significantly higher
compared to the corresponding data for
those who maintained the prediabetes state
(n=734; p <005) (Figs. 1-3). In patients with
persistent prediabetes, the median HbAlc val-
ues were 6.0 (5.8-6.1)%, fasting plasma glucose
values were 80 (7.7-8.2) mmol/l, BMI were 34
(32-35) kg/m’, versus 6.35 (6.2-64)%, 1025
(94-11.1) mmol/l, and 35.5 (34.5-37) kg/m’
(p <0.05), respectively (Figs. 1-3).

Boxplot by Group
Variable: Glycated hemoglobin (fasting)

Glycated hemoglobin (fasting)

56 —_—

55 o Median
” [ 25%-75%
No DM T Min-Max
Current DM

Fig. 1. HbAlc values during bospitalization in
patients with currently established T2DM diagnosis
and persistent prediabetes
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Boxplot by Group
Variable: Glucose (fasting)

Glucose (fasting)

s Eg__

No DM
Current DM

Fig. 2. Maximum plasma glucose values during
hospitalization in patients with a current T2DM
diagnosis and persistent prediabeles

o Median
[ 25%-75%
T Min-Max

Boxplot by Group
Variable: BMI
42

40 _—

38

BMI

36 =]

34 o

32 _I_

30

o Median
[ 25%-75%
T Min-Max

No DM
Current DM

Fig. 3. BMI values during bospitalization in patients
with currently established T2DM diagnosis and
Dpersistent prediabetes

A positive correlation was revealed be-
tween the maximum values of fasting blood
plasma glycemia, glycated hemoglobin, BM],
and the risk of developing T2DM (R = 0.5,
p <005 R =074, p < 005 R = 0.54,
p < 0.05, respectively). No significant differ-
ences were noted in age, levels of acute
phase proteins, and the degree of lung tis-
sue damage during hospitalization between
the groups of patients with new-onset
T2DM and persistent prediabetes.
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In group 2, T2DM was diagnosed in
two male patients with morbid obesity
(BMI > 40 kg/m*). When comparing data
between subgroup 1B and group 2, it was
revealed that T2DM in the postCOVID pe-
riod occurs in the presence of previous
carbohydrate disorders in every second
patient who did not use treatment, that is,
in 10 of 22 patients in subgroup 1B versus
2 patients from group 2 (every seventh pa-
tient) (%’ = 4.2; p = 0.04). When compar-
ing data from subgroup 1A and group 2, it
was determined that T2DM in the post-
COVID period occurs in every 11th patient
with hyperglycemia who received DPP-4
inhibitors and in every 6th—7th patient
without carbohydrate disorders at hospi-
talization (p > 0.05). In patients who did
not receive incretin therapy (subgroup 1B),
the risk of T2DM occurrence increased by
3.4 times (95 % CI = 0.87-13.40). In pa-
tients receiving incretin (subgroup 1A), the
risk of T2DM increased by only 0.6 times
(95 % CI = 0.09-3.97). Thus, patients with
hyperglycemia who received DPP-4 inhibi-
tors in the early postCOVID period and
those without carbohydrate disorders have
similar incidence of T2DM in the long-
term period. It should be assumed that
DPP-4 inhibitors reduce the risks of T2DM
in patients with hyperglycemia after
COVID-19. The protective role of DPP-4
inhibitors in COVID-19 is presented in
several studies and justifies the use of this
group of drugs in T2DM patients with a
history of COVID infection. Studies have
reported that patients taking DPP-4 inhibi-
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tors had a milder course of this viral infec-
tion [14; 15]. The mechanism by which
DPP-4 inhibitors protect the body from
severe COVID-19 has been studied and is
due to inhibition of the DPP-4 enzyme.
Moreover, a high level of this enzyme in-
creases the body’s susceptibility to the
SARS-CoV-2 virus, reduces the effect of in-
cretins and thus causing hyperglycemia,
and increases the production of proin-
flammatory factors [16]. T2DM and obese
patients have shown increased DPP-4 ac-
tivity, which affects the course of the acute
phase of COVID-19 and postCOVID period
and the risk of T2DM occurrence.

CONCLUSIONS

Previous carbohydrate disorders (pre-
diabetes) and high BMI values are crucial
in the development of T2DM in obese pa-
tients who have had moderate and severe
COVID-19. The presence of hyperglycemia
(IGT) increases the risk of developing
T2DM in the late postCOVID period. Ther-
apy with metformin and DPP-4 inhibitors
may play a protective role in this process.
The absence of incretin therapy in patients
with hyperglycemia after COVID-19 leads
to the development of T2DM 3.5 times
more often than in patients taking DPP-4
inhibitors. It should be assumed that in-
cretin therapy prevents T2DM develop-
ment in patients with hyperglycemia (IGT)
after COVID-19, and the possibility of pre-
scribing this group of drugs to all patients
with obesity and hyperglycemia should be

considered. In obese patients without car-
bohydrate disorders, weight loss should be
recommended to reduce the risk of devel-
oping T2DM.
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