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THE IMPACT OF CARBOHYDRATE METABOLISM DISORDERS ON THE EARLY
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BACKGROUND: Numerous studies indicate a high incidence of various disorders of carbohydrate metabolism against
the new coronavirus infection. These disorders aggravate the course of infection and increase mortality. Thereby, analysis of
risk factors for unfavorable outcomes and assessment of the long-term consequences of COVID-19 in patients with impaired
carbohydrate metabolism is of great importance.

AIM: To investigate the association between carbohydrate metabolism disorders in COVID-19 patients and mortality, course
of infection, long-term consequences, as well as to identify risk factors for an unfavorable disease course.

MATERIALS AND METHODS: A retrospective analysis of data from the combined multicenter non-interventional real-world
AKTIV and AKTIV 2 registries was performed. The sample included 9290 patients who had COVID-19 with varying severity
from June 29, 2020, to November 29, 2020 (ACTIV) and from October 01, 2020, to March 30,2021 (ACTIV 2). The patients were
divided into 3 groups: Group 1 — patients with intact carbohydrate metabolism, n=6606; Group 2 — patients with newly
diagnosed hyperglycemia (NDH), n=1073; Group 3 — patients with a history of type 2 diabetes mellitus (DM2), n=1611.
The groups were assessed for clinical and laboratory parameters, comorbidities, mortality, carbohydrate metabolic status,
and well-being during the infection and at 12 months.

RESULTS: The prevalence of carbohydrate metabolism disorders (CMD) was 28,9%, with DM2 patients accounting for 17,3%
and patients with newly diagnosed hyperglycemia (NDH) for 11,6%. The mortality rate of patients with hyperglycemia of
any origin was 10.6%, which was significantly higher compared to patients without hyperglycemia (3,9%). The probability
of lethal outcome increased 2,48-fold in the group of patients with DM2 and 2,04-fold in the group of patients with NDH.
At the same time, the probability of a lethal outcome decreased 2,94-fold in patients without CMD. At 12 months, patients
with CMD showed a significantly higher frequency and longer persistence of complaints. This trend was more pronounced
in patients with DM2 than in those with NDH. Only 1,7% of patients from the NDH group had type 2 diabetes and were re-
ceiving oral hypoglycemic medications one year after the infection. A prognostic model was developed to determine the risk
of lethal outcome. The model included such known predictors as concomitant ischemic heart disease, history of myocardial
infarction or stroke, blood glucose level, and age.

CONCLUSION: Carbohydrate metabolism disorders aggravate the course of COVID-19 and increase mortality. One year after
infection, patients with DM2 and NDH were more likely to have symptoms typical for post-COVID syndrome, and NDH re-
solved in most cases after the infection.

KEYWORDS: COVID-19; type 2 diabetes mellitus; hyperglycemia; mortality; predictors.
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OBOCHOBAHUE. MHorouncneHHble UcciefoBaHUA CBUAETENbCTBYIOT O BbICOKOW BCTPEYAeMOCTM PasfiNyHbIX Hapylue-
HWIA yrneBogHoro obmeHa (HYO) npu HoBoW KopoHaBrpycHom uHdekumnn (HKW), ytaxkenstowmx ee TeyeHne n npusoaaLLmnx
K 6onbluell YacToTe CMepTeNbHbIX UCXOA0B. ITO aKTyanu3npyeT Nnonck ¢akTopoB pricka HebnaronpuATHbIX MCXOAOB U OLieH-
Ky otganeHHbix nocnegctsu COVID-19 y naumnenTos ¢ HYO.

LENb. N3yunTtb B3anmoceasb HYO y nauueHTos ¢ COVID-19 ¢ netanbHOCTbIO, TeUeHUeM UHeKUUn 1 OTAaNeHHbIMK nocnes-
CTBUAMU, a TaKXKe BblABUTb GaKTOPbl pUCKa HEOAronpuATHOro TeueHns 3aboneBaHus.

MATEPUAJIbl U METOLbI. BbinonHeH peTpoCcneKTUBHbINA aHann3 AaHHbIX 00beANHEHHbIX MHOFOLIEHTPOBbIX HEMHTEPBEH-
LIMOHHbIX PErncTpoB peasnibHOM KnnHnyeckorn npaktnkn AKTYB n AKTUB 2, skntounBimnin 9290 nayneHtos ¢ COVID-19 pas-
JINYHOW CTEMEHM TAXKECTW, NepeHeceHHOoN B nepunog, ¢ 29.06.2020 1. no 29.11.2020 r (AKTWB) n ¢ 01.10.2020 . no 30.03.2021 .
(AKTWUB 2). MaureHTOB pa3genanuy Ha rpynnbl: rpynna 1 — naumeHTsl 6e3 HYO, n=6606, rpynna 2 — nauueHTbl € Briepsble
BbiAIBNIeHHON runepravkemueii (BBl), n=1073, rpynna 3 — nuua c caxapHbiM Arabetom 2 Tuna (C[12) B aHamHe3e, n=1611.
B rpynnax oLeHrBanm KNMHUKo-nabopaTopHble NoKasaTenu, Hanmune ConyTCTBYIOLEN NAaTONOrMM U NeTaflbHOCTb B Nepros
nHdeKUUK, a TakKe yepes 12 Mec — COCTOAHNE YrNIeBOAHOro obMeHa NaLreHToB U X CaMOYyBCTBUE.

PE3YJIbTATbI. PacnpocTtpaHeHHocTb HYO coctaBuna 28,9% cnyuaes, n3 Kotopbix 17,3% — Cl12, a 11,6% cnyyaeB npeg-
cTaBneHbl BBI. JleTanbHOCTb NaLMeHTOB C runepravkeMmeit noboro reHesa coctasmna 10,6% ciyyaes, UTO 3HAUMMO Bblille
Mo CpaBHEeHNIO C NaumeHTaMm 6e3 TakoBow (3,9%), WaHCbl HaCTyNneHUs neTanbHOro ncxoaa y 6onbHbix ¢ C12 ysennumea-
nuce B 2,48 pasa, a B rpynne nauuneHtos ¢ BBI — B 2,04 pa3a, y nauneHToB 6e3 HYO neTanbHOCTb, HaNPOTUB, yMeHbLUanach
B 2,94 pa3a. Yepes 12 mec y naumeHToB ¢ HYO BbIfiBNEHO 3HaUMMO 6onbLiee KoNmM4yecTBo *anob ¢ npeobnagaHuem ux y na-
unenToB ¢ C[12. CnycTsa rog nocnie uHdekuun B rpynne nuy, ¢ BBl Tonbko 1,7% nmenn C2 1 nonyvyanu nepopasbHble caxa-
pOoCHUXatoLWme npenapatbl. PaspaboTaHHaa NporHocTUYeckasa Moaenb onpeaenieHns pucka pasBuUTKA NeTasbHOro NCxoaa
OCHOBBIBAETCA Ha BbIABJIEHHbIX NPeANKTOpax: COMYTCTBYIOLAn NleMmyeckas 6onesHb cepaua, MHbapKT M1oKapaa nnm uH-
CyNnbT B aHaMHe3e, 6onee BblCOKas FMUKeMUsA 1 CTapLUMiA BO3PACT.

3AKJTIOMEHUE. HYO npusoaaT K yxyaweHuto TeyeHna HKW, 6onbluemy KonmuyecTsy cmepTenbHbIX NCXooB. Yepes rog no-
cne nHobekumm y naymentos ¢ C12 n BBl valwe coxpaHsAoTca anobbl, a BBl B 60nblUMHCTBE ciyyaeB nocse nHbeKuymm

HUBENUpyeTcs.

KJTIOYEBbIE CJIOBA: COVID-19; caxapHsili Ouabem 2-20 mund; 2unepaiiukemMus; 1emasbHOCMy; NPeOUKMOopeb.

BACKGROUND

Starting in the late 2019, the new coronavirus infection
rapidly spread throughout the globe with high incidence
and mortality and was eventually recognised as a pandem-
ic by the World Health Organisation. Numerous studies
showed that chronic cardiometabolic disorders are associat-
ed with more severe symptoms and an unfavourable prog-
nosis both during COVID-19 and over long post-infection
periods [1-3].

Diabetes is one of the diseases that may affect the course
and the outcome of the infection caused by SARS-CoV-2.
Diabetes is a common condition with its incidence steadily
growing both in Russia and globally [4]. On 1 January 2022,
the total count of diabetes patients in Russia was 4,871,863.
Among them, 92.3% (4,500,000) had Type 2 diabetes melli-
tus (T2DM). However, if one includes the undiagnosed T2DM
cases whose proportion in Russia is estimated at 54% on av-
erage, the real number of such patients may well be upwards
of 10,000,000 (6.9% of the country’s population) [5].

Numerous studies have shown that COVID-19 patients
with diabetes will more often require hospital admission and
non-invasive oxygen therapy and more often need transfer
to intensive care wards and mechanical lung ventilation vs.
those without carbohydrate metabolism disorders; their
mortality rate is also higher [6, 7]. Moreover, clinical practice
and literature indicate that a substantial portion of patients
(10% to 60%) are first diagnosed with hyperglycaemia dur-
ing in-patient care for COVID-19. In a post-COVID period,
such newly diagnosed hyperglycaemia (NDH) may either
subside or turn into diabetes with the causes and pathogen-
esis remaining obscure [8-10].

Given a high prevalence of carbohydrate metabolism dis-
orders (CMDs) and existing data on their cross impact with
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COVID-19, it seems highly important to focus on studies
whose design includes an assessment of not only the in-pa-
tient treatment but also the distant outcomes to improve re-
sults of preventive care and treatment and the patient’s prog-
nosis. This paper presents an analysis of a combined ACTIV
& ACTIV 2 cohort fragment that spans over both peri-COVID
and post-COVID treatment and follow-up periods.

OBJECTIVES

Analyse the correlation between CMDs, on the one
hand, and mortality, course of disease, and distant effects,
on the other, in COVID-19 patients; identify risk factors for
unfavourable course of the disease.

MATERIALS AND METHODS

ACTIV and ACTIV 2 are multicentre non-interventional
clinical practice registries that included patients who con-
tracted COVID-19 between 29 June 2020 and 29 November
2020 (ACTIV) or between 1 October 2020 and 30 March 2021
(ACTIV 2).

The ACTIV registry consists of two non-overlapping
branches, the out-patient and the in-patient ones. Both
branches presupposed 6 visits: enrolment visit, visit on Days
7-12, outcome visit (discharge, hospital admission, death,
etc.) and 3 follow-up visits at 3, 6, and 12 months after
the hospital discharge. The ACTIV 2 registry contained in-pa-
tient data only and included 3 visits: enrolment visit, visit
on Days 7-12, and outcome visit (discharge, hospital admis-
sion, death, etc.)

The design, justification, and statistical analysis of those
studies have already been published [11]. Nosologic diagno-
sis was based on the ICD-10 criteria. In total, 6,396 patients
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from the ACTIV registry and 2,968 patients from the ACTIV
2 registry were included in our sub-analysis. Within this
sub-analysis, we identified three patient groups: Group 1 in-
cluded CMD-free patients, 6,606 in total (70.5%); Group 2 in-
cluded NDH patients (including those with newly diagnosed
hyperglycaemia and those with pre-existing but undiag-
nosed T2DM), 1,073 in total (11.6%); Group 3 included T2DM  T1DM patients and those whose case resport forms did not
patients, 1,611 in total (17.3%) (Table 1). It should be noted  contain any glucose levels which were entered on an “if any”
that within Group 2 we could not distinguish patients with  basis.

newly diagnosed hyperglycaemia from those with pre-exist-
ing but undiagnosed T2DM, as the ACTIV and ACTIV 2 stud-
ies were observational in nature and lacked data on HbA1c
levels for most of the patients. Hyperglycaemia was diag-
nosed based on venous plasma glucose =7.0 mmol/L [5].
It should be noted that our sub-analysis excluded several

Table 1. Characteristics of patients from ACTIV and ACTIV 2 registries.

Characteristic To':il;;::rt Ccli\;oDl-‘:-:e G:\T;: ’ G;;;I;II?’ P,
’ n=6,606 n=1,073 n=1,611
<0.001*
Age 59 58 63 66 P, ,<0.001*
[48-68] [46-67] [55-71] [59-73] P, ,<0.001*
P, ,<0.001*
Females 4,947 (53.2%) 3,477 (52.2%) 533 (49.7%) 937 (58.2%) <0.001*
Deceased 545 (5.9%) 259 (4.0%) 109 (10.4%) 177 (11.2%) <0.001*
Overweight 2,921 (31.4%) 2,135 (39.0%) 331 (36.5%) 455 (34.2%)
Obesity, degree 1 1,700 (18.3%) 1,044 (19.1%) 251 (27.6%) 405 (30.4%) <0.001*
Obesity, degree 2 667 (7,2%) 379 (6,9%) 94 (10,4%) 194 (14,6%)
Obesity, degree 3 296 (3,2%) 147 (2,7%) 39 (4,3%) 110 (83%)
CT Score 1 3,136 (33.8%) 2,369 (45.5%) 291 (32.3%) 476 (34.5%)
CT Score 2 2,563 (27.6%) 1,695 (32.5%) 344 (38.2%) 524 (38.0%) <0.001*
CT Score 3 1,005 (10.8%) 579 (11.1%) 183 (20.3%) 243 (17.6%)
CT Score 4 231 (2.5%) 108 (2.1%) 47 (5.2%) 76 (5.5%)
;g%to 94% 2,165 (23.3%) 1,334 (29.1%) 289 (45.2%) 542 (51.8%) <0.001*
Sp0, <75% 55 (0.6%) 21 (0.5%) 16 (2.5%) 18 (1.7%)
Breathing rate 22 to 29 2312 (24.9%) 1,448 (22.0%) 333(31.4%) 531 (33.1%) <0.001*
Breathing rate =30 178 (1.9%) 79 (1.2%) 33 (3.1%) 66 (4.1%)
Body temperature 38.6 to 39.0°C 1,633 (17.6%) 1,114 (16.9%) 215 (20.2%) 304 (19.1%) <0.001*
Body temperature >39.0°C 640 (6.9%) 431 (6.6%) 106 (10.0%) 103 (6.5%)
Hypertension 5289 (56.9%) 3,242 (48.7%) 701 (65.3%) 1,346 (83.6%) <0.001*
Smokers 475 (5.1%) 369 (5.5%) 37 (3.4%) 69 (4.3%) 0.004*
Atrial fibrillation 672 (7.2%) 387 (5.8%) 100 (9.3%) 185 (11.5%) <0.001*
Coronary artery disease 2,072 (22.3%) 1,195 (18.0%) 273 (25.4%) 604 (37.5%) <0.001*
History of myocardial infarction 592 (6.4%) 324 (4.9%) 74 (6.9%) 194 (12.0%) <0.001*
Chronic heart failure 1,595 (17.2%) 888 (13.3%) 220 (20.5%) 487 (30.2%) <0.001*
History of stroke 401 (4.3%) 226 (3.4%) 49 (4.6%) 126 (7.8%) <0.001*
T2DM 1,611 (17.3%) 0 0 1,611 (100%) <0.001*
Chronic kidney disease 716 (7.7%) 381 (5.7%) 3(8.7%) 242 (15.0%) <0.001*
Chronic obstructive pulmonary disease 408 (4.4%) 272 (4.1%) 49 (4.6%) 87 (5.4%) 0.065
Asthma 321 (3.5%) 219 (3.3%) 40 (3.7%) 62 (3.8%) 0.467
Cancer at present 536 (5.8%) 372 (5.6%) 4 (6.0%) 100 (6.2%) 0.595
Anaemia 1,972 (21.2%) 1,282 (21.1%) 248 (23.2%) 442 (28.4%) <0.001*

Notes: * statistically significant difference, p<0.05 (statistically significant difference between all 3 groups in Bonferroni corrected pairwise comparisons);

in this and the following tables, data are presented as M [Q1; Q3], n (%).

CMD means Carbohydrate metabolism disorder; CT means Computer tomography; NDH means Newly diagnosed hyperglycaemia; SpO, means Peripheral
capillary oxygen saturation; T2DM means Type 2 diabetes mellitus
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The patients’ median age was 59 [48; 68]; in the NDH
Group: 63 [55; 71]; in the T2DM Group: 66 [59; 73]. Our analy-
sis found that Group 2 (NDH) and Group 3 (T2DM) had signif-
icantly higher mortality — 109 (10.4%) and 177 (11.2%) cas-
es, respectively, compared to Group 1 (CMD-free, 545 cases
(5.8%)). Characteristics associated with  more severe
COVID-19 course, i.e., CT Score 3 & CT Score 4 of pulmonary
tissue damage, oxygen saturation under 94%, breathing rate
over 22 per minute, body temperature >38.6°C, were more
frequently found in Group 2 & Group 3. Moreover, these
groups had a significantly higher rate of concomitant diseas-
es such as hypertension, atrial fibrillation, history of stroke,
coronary artery disease, chronic heart failure, chronic kidney
disease, and anaemia vs. Group 1 patients (CMD-free ones).
The highest rate; of these concomitant diseases was ob-
served in Group 3 (the difference is significant).

Our sub-analysis of combined ACTIV & ACTIV 2 registries
presents the findings in patients with newly diagnosed and
prior hyperglycaemia and an analysis of the impact of CMD
on the COVID-19 course and outcome.

Statistical analysis

We analysed the data in IBM SPSS STATISTICS 26 software.
Kolmogorov-Smirnov test was applied to verify normal dis-
tribution. Kruskal-Wallis test for independent samples was
applied to analyse quantitative data with other-than-normal
distribution in the three samples. Pearson’s chi-squared test
or Fisher’s exact test (depending on the minimum estimated
value) was applied to analyse qualitative parameters in two
patient groups. For parameters showing significant differ-
ences, the odds value was derived with a 95% confidence
interval (Cl), and the degree of association between nomi-
nal variables was assessed. To analyse nominal parameters
in the three groups, we used multiple-field contingency
tables and post-hoc analysis. Cochran’s Q test was applied
to comparisons of nominal parameters across the three
related populations. Using binary logistic regression, we
developed a predictive model to assess the risk of a lethal
outcome in relation to age, glycaemia level, myocardial in-
farction history, history of stroke, or concomitant coronary
artery disease. Odds ratios with a 95% confidence interval
for the predictors exerting statistically significant impact
on the outcome are presented as a forest plot. Cut-off values
for logistic regressions (p) were determined through ROC
curves.

FINDINGS

Body mass index (BMI) in NDH patients (Group 2)
and T2DM patients (Group 3) was significantly higher vs.
those in Group 1 (see Table 2). A BMI under 30 kg/m? was
more common for Group 1 (CMD-free) patients (p<0.001).
The study groups showed significant differences in their
mortality rate (p<0.001): the number of deceased patients
in Group 2 (109 cases, 10.4%) and Group 3 (177 cases, 11.2%)
was higher than in Group 1 (254 cases, 2.9%). The study
groups showed significant differences (p<0.001) in CT
score reflecting the degree of pulmonary involvement and
the severity of COVID-19-induced pneumonia. We found
Group 2 and Group 3 to have 1.5 to 2 times higher rate
of CT score 3 and CT score 4 (183 [20.3%] and 47 [5.2%] cas-
es, respectively, within Group 2; 243 [17.6%] and 76 [5.5%]
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cases, respectively, within Group 3) as compared to Group 1
(CMD-free) (574 [11.1%] and 106 [2.0%] cases, respectively).
C-reactive protein 250 mg/L and SpO, < 90% were signifi-
cantly more frequently observed in Group 2 and Group 3
vs. CMD-free group. More glucocorticosteroid prescriptions
were issued for Group 2 than the other groups (p<0.001).

Significant differences were discovered when comparing
the association between mortality rates and NDH or T2DM
(p<0.001). Thus, the odds of death were 2.48 times higher
in T2DM patients (95% Cl 2.05-3.00) and 2.04 times higher
in those with NDH (95% Cl 1.64-2.55). While Group 1 (CMD-
free) patients did also show significant difference in mortality
rate, their overall odds of death, were, conversely, 2.94 times
lower (95% Cl 0.28-0.40), as presented on Figure 1.

Moderate and severe COVID-19 patients with peripheral
capillary oxygen saturation under 93% were a cohort of spe-
cial interest (see Table 3). This cohort had the highest mor-
tality rate, distributed across the patient groups as follows:
21.4% for NDH (Group 2) patients; 20.2% for T2DM (Group 3)
patients; and 12.4% for Group 1 patients; these differences
are significant (p<0.001). NDH patients needed corticos-
teroid therapy more often than others (41 cases [24.0%)]),
whereas in the other groups this therapy was prescribed
to patients in under 14.1% of cases (p=0.006).

Post-discharge symptoms are a serious cause
of post-COVID health-related quality of life deterioration;
this is why the medical community came up with a concept
of post-COVID syndrome. In the ACTIV registry, follow-up
was conducted at 3, 6, and 12 months after discharge. In that
period, most of the symptoms reported by the patients were:
decreased sensation of taste, cough, expectorations, my-
algia, thoracalgia, heart palpitations, high blood pressure,
fatigue, diarrhoea, rhinitis, conjunctivitis, throat irritation,
and high body temperature (see Table 4). Groups 2 and 3
showed significantly higher rates and longer periods of de-
creased sensation of taste (P,,,<0.001), cough (P, <0-001),
expectorations (p,__<0.001), myalgia (P, <0.001), thoracal-
gia (p,,,,<0.001), heart palpitations (P, <0.001), high blood
pressure (p, . ,<0.001), and fatigue (p,,,<0.001).

During COVID-19, all Group 3 patients and 87% of Group
2 patients were receiving antihyperglycaemic therapy.
Based on the widespread practice, insulin therapy was a key
tool of hyperglycaemia control across both patient groups
during the acute phase of COVID-19 [12]; however, no sig-
nificant differences were identified in the type of antihyper-
glycaemic therapy and a tendency towards shifting to oral
sugar-reducing drugs in the T2DM group was observed
(see Table 5).

After 12 months, only 18 Group 2 patients (1.7%) were
receiving antihyperglycaemic treatment in the form of oral-
administered single-drug therapy. In Group 3, the nature
of antihyperglycaemic treatment changed by 12 months af-
ter discharge. The proportion of those on oral-administered
single-drug therapy reached 72.6%, whereas 18.9% were
receiving a dual combined oral-administered drug therapy,
and the proportion of patients who controlled their T2DM
through basal insulin + oral-administered drugs amounted
to 8.5% only.

We developed a predictive model to assess the risk
of death in relation to age, glycaemia level, coronary ar-
tery disease, myocardial infarction history, or stroke history.
A univariate analysis revealed that all these variables had
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Table 2. Analysis of certain parameters across the study groups

Group 1 Group 2 Group 3
Parameter CMD-free NDH T2DM P
n=6,606 n=1,073 n=1,611
BMI
Me [Q1-Q3] 27.1[24.2-30.5] 28.8[25.6-32.7] 30.4 [27.0-34.6] <0.001*
Under 18.5 58 (1.1%) 7 (0.8%) 6 (0.5%)
18.5t0 24.9 1,696 (31.2%) 186 (20.5%) 162 (12.2%)
25t029.9 2,124 (39.1%) 331 (36.5%) 455 (34.2%) <0.001*
30to 349 1,035 (19.1%) 251 (27.6%) 405 (30.4%)
35t039.9 376 (6.9%) 94 (10.4%) 194 (14.6%)
40 and over 144 (2.7%) 39 (4.3%) 110 (8.3%)
Mortality
Alive 6,254 (96.1%) 944 (89.6%) 1,406 (88.8%) <0.001*
Deceased 254 (3.9%) 109 (10.4%) 177 (11.2%)
Odds ratio (95% Cl) 0.34 (0.28-0.40) 2.04 (1.64-2.55) 2.48 (2.05-3.00)
p <0.001* <0.001* <0.001*
CT score
CT score 3 574 (11.1%) 183 (20.3%) 243 (17.6%) <0.001*
CT score 4 106 (2.0%) 47 (5.2%) 76 (5.5%)
C-reactive protein 250 mg/L
No 3,796 (77.7%) 589 (68.0%) 808 (63.9%) <0.001*
Yes 1,088 (22.3%) 277 (32.0%) 456 (36.1%)
Corticosteroid therapy
Not prescribed 5,735 (86.8%) 808 (75.3%) 1,356 (84.2%) <0.001*
Prescribed 871 (13.2%) 265 (24.7%) 255 (15.8%)
SpO, <90%

No 4,298 (94.4%) 554 (86.1%) 885 (84.6%) <0.001*
Yes 253 (5,6%) 86 (13,4%) 161 (15,4%)

Notes: * significant difference (p<0.05)
p<0.001* on pairwise comparisons between all groups; BMI, body mass index; CT, computed tomography.

Group 1
(CMD-free)

Group 2
(NDH)

Group 3
(T2DM)
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Figure 1. Odds ratio (95% Cl) of a lethal outcome depending on the nature of carbohydrate metabolism disorder
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Table 3. Comparison of mortality and corticosteroid therapy in patients with SpO, < 93% across the study groups

Group 1 Group 2 Group 3
Parameter CMD-free NDH T2DM P
n=6,606 n=1,073 n=1,611
Mortality
Recovered 829 (87.9%) 173 (78.6%) 343 (79.8%) 0.001*
<0.
Deceased 114 (12.1%) 47 (21.4%) 87 (20.2%)
Corticosteroid therapy
Not prescribed 638 (85.9%) 130 (76.0%) 319 (86.9%)
0.006*

Prescribed 105 (14.1%)

41 (24.0%)

48 (13.1%)

Note: * significant difference (p<0.05)

a significant impact on the odds of death. It is important
to note that a BMI > 30 kg/m? or high blood pressure per se,
when adjusted on other factors, did not significantly affect
the odds of death and rose to significance only when associ-
ated with the aforementioned predictors.

Likewise, a multivariate analysis revealed all factors
in question to be significantly affecting the odds of death.
Their characteristics are presented in Table 6.

The observed relationship can be described as Equation (1):
P=1/(1+e%)%x100% (1)
z=-795+ O.O6><Xage +0.1 2><Xglycaemia +0.48xX,,,+
0.34xX_,, + 0.76XX,,

where P is the odds of death (%); X, _ is age (years); X, . .
is glycaemia level (mmol/L); X,,,, is myocardial infarction his-
tory (no = 0; yes = 1); X_,, is coronary artery disease (no = 0;
yes = 1); and X, is history of stroke (no = 0; yes = 1).

Table 4. Most frequent self-reported symptoms reported across the study groups after discharge at 3, 6, and 12-month

Follow-up after

Symptom Patient grou
yme group 3 months 6 months 12 months P
<0.001*
) o o o p, (<0.001*
Group 1 (CMD-free) 82 (1.2%) 37 (0.6%) 15 (0.2%) b, <0.001*
p, ,,=0.006*
Decreased/lost <0.001*
sensation of p. =0.008*
taste Group 2 (NDH) 20(1.9%)  10(0.932%)  2(0.186%) 36 =
p, ,,<0.001
p, ,,=0.109*
Group 3 (T2DM) 9 (0.559%) 6 (0.372%) 4 (0.248%) 0.895
p (between the groups at each phase) 0.009*% 0.161 0.846
<0.001*
Group 1 (CMD-free) 209 (3.1%) 102 (1.5%) 51 (0.8%) P, ¢=0.001*
p, ,,<0.001*
p, ,,=0.003*
0.031*
p. =0.064*
Group 2 (NDH) 38 (3.5%) 15 (1.4%) 9 (0.839%) 3-6
Cough P 0 p, ,,=0.011%
p, ,,=0.487*
0.005*
p. =0.021*
Group 3 (T2DM) 55 (3.4%) 25 (1.6%) 13 (0.807%) 3-6 <
,.,,=0.002
p, ,,=0.401*
p (between the groups at each phase) 0.066 0.752 0.643
<0.001*
—_ *
Group 1 (CMD-free) 47 (0.7%) 17 (0.3%) 8(0.19)  Ps0:002%
,.,<0.001
— %
Expectorations Pe.1,=0439
Group 2 (NDH) 11 (1.0%) 5 (0.466%) 2 (0.186%) 0.066
Group 3 (T2DM) 9 (0.559%) 8 (0.497%) 6 (0.372%) 0.407
p (between the groups at each phase) 0.288 0.104 0.029*
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Table 4 continued

Symptom

Patient group

Follow-up after

P

3 months 6 months 12 months

Myalgia

Group 1 (CMD-free)

<0.001%
p, ,<0.001%
p, ,<0.001*
p, ,=0.312%

80 (1.2%) 40 (0.6%) 20 (0.3%)

Group 2 (NDH)

0.047*
p, =0.358*
,.,,=0.014*

p,.,,=0.126*

17 (1.6%) 11 (1.0%) 4(0.373%)

Group 3 (T2DM)

28 (1.7%) 9 (0.559%) 13 (0.807%) 0.296

p (between the groups at each phase)

0.015* 0.191 0.002*%

Thoracalgia

Group 1 (CMD-free)

0.013*
p,=0.291%
p, ,,=0.004*
p,.,,=0.064*

102 (1.5%) 56 (0.8%) 27 (0.4%)

Group 2 (NDH)

0.025*
p, ,=0.373*
p,.,,=0.008*
p,.,,=0.075*

19 (1.8%) 14 (1.3%) 4 (0.373%)

Group 3 (T2DM)

39 (2.4%) 33 (2.0%) 17 (1.1%) 0.349

p (between the groups at each phase)

0.001* <0.001* <0.001*

Heart
palpitations

Group 1 (CMD-free)

<0.001%
p, ,<0.001%
p, ,<0.001*
P, ,=0.012%

233 (3.5%) 140 (2.1%) 62 (0.9%)

Group 2 (NDH)

0.018*
p, =0.099*
p, ,,=0.005%
p, ,,=0.239*

47 (4.4%) 30 (2.8%) 18 (1.7%)

Group 3 (T2DM)

0.008*
p, ,~0.003*
p, ,,=0.018%
P, ,,=0.584*

65 (4.0%) 25 (1.6%) 22 (1.4%)

p (between the groups at each phase)

0.005* 0.104 0.004*

High blood
pressure

Group 1 (CMD-free)

0.047%
p, =0.828*
p, ,=0.043%
p, ,,=0.025%

425 (6.4%) 369 (5.5%) 201 (3.0%)

Group 2 (NDH)

74 (6.9%) 64 (6.0%) 33 (3.1%) 0.109

Group 3 (T2DM)

0.041%
p, =0.593*
p, ,=0.061%
p, ,=0.016*

126 (7.8%) 118 (7.3%) 48 (3.0%)

p (between the groups at each phase)

<0.001* <0.001* 0.381
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End of table 4

Follow-up after

Symptom Patient grou
ymp grotip 3 months 6 months 12 months P
<0.001*
*
Group 1 (CMD-free) 699 (10.5%) 412 (6.2%) 209 (3.1%) P; £<0.001 N
P, ,,<0.001
P, ;,<0.001%
<0.001*
*
Group 2 (NDH) 125 (11.6%) 65 (6.1%) 32 (3.0%) P; (<0.001 N
Fatigue p, ,,<0.001 )
p,,,=0.017
<0.001*
o o o p, =0.004*
Group 3 (T2DM) 193 (12.0%) 136 (8.4%) 74 (4.6%) b <0.001*
p,.,,=0.017*%
p (between the groups at each phase) <0.001* <0.001* <0.001*
0.001*
p, .=0.001*
Group 1 (CMD-free) 32(0.5%) 9(0.1%) 8(0.1202%) 3¢ N
p,_,,=0.004
P,_,,=0.655*
Diarrhoea
Group 2 (NDH) 7 (0.652%) 2(0.186%) 2 (0.186%) 0.607
Group 3 (T2DM) 7 (0.435%) 3(0.186%) 6 (0.372%) 0.497
p (between the groups at each phase) 0.568 0.731 0.029*
0.037*
p, .=0.136*
Group 1 (CMD-free) 27 (0.4%) 14 (0.2%) 6 (0.902%) 3-6 N
p,,,=0.011
P,_,,=0.286*
Rhinitis
Group 2 (NDH) 5 (0.466%) 6 (0.559%) 1(0.093%) 0.121
Group 3 (T2DM) 6 (0.372%) 1 (0.062%) 3(0.186%) 0.549
p (between the groups at each phase) 0.842 0.023* 0.388
Group 1 (CMD-free) 3 (0.045%) 0 2 (0.03%) 0.368
Group 2 (NDH) 0 0 0 -
Conjunctivitis
Group 3 (T2DM) 2(0.124%) 0 0 -
p (between the groups at each phase) 0.240 - 0.710
<0.001*
Group 1 (CMD-free) 40(0.6%)  17(03%)  9(0.135%) Pas=000T
p, ,,<0.001*
P, ,,=0.695*
Throat irritation
Group 2 (NDH) 7 (0.652%) 4(0.373%) 1(0.093%) 0.325
Group 3 (T2DM) 7 (0.435%) 0 2(0.124%) 0.066
p (between the groups at each phase) 0.812 0.099 0.951
<0.001*
i o o o p, ,<0.001*
Group 1 (CMD-free) 51 (0.8%) 16 (0.2%) 5(0.075%) b . <0.001*
=0.262*
High body Pe-r2
temperature Group 2 (NDH) 5 (0.466%) 3(0.280%) 2 (0.186%) 0.417
Group 3 (T2DM) 4 (0.248%) 1 (0.062%) 4 (0.248%) 0.325
p (between the groups at each phase) 0.146 0.405 0.069
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Table 5. Antihyperglycaemic therapy in Group 2 and Group 3 during COVID-19 treatment

Group 2 Group 3
Therapy NDH T2DM P
n=1,073 n=1,611
Oral sugar-reducing drugs 323(30.1%) 626 (38.9%) <0.001*
Basal insulin therapy + oral sugar-reducing drugs 216 (20.1%) 368 (22.8%) 0.096
Basal-bolus insulin therapy 395 (36.8%) 617 (38.3%) 0.437
Note: * significant difference (p<0.05)
Table 6. Factors confirmed by a multivariate analysis to be affecting the odds of death
Predictor Cr.ude odds p Adj.usted odds
ratio (95% CI) ratio (95% CI)
1 year age increment 1.08 [1.07-1.09] <0.001* 1.07 [1.06-1.08] <0.001*
1 mmol/L glycaemia level increment 1.14[1.11-1.16] <0.001* 1.12[1.1-1.15] <0.001*
History of myocardial infarction 3.7 [2.92-4.69] <0.001* 1.62[1.22-2.16] 0.001*
Coronary artery disease 3.9 [3.28-4.66] <0.001* 1.4[1.12-1.76] 0.004*
History of stroke 4.80[3.70-6.22] <0.001* 2.14[1.58-2.90] <0.001*

Note: * A factor significantly affecting the odds of death (p < 0.05).

The regression model we derived is statistically signif-
icant (p<0.001). Based on the value of the Nigelkirk’s de-
termination coefficient, Model 1 takes into account 18.6%
of the factors that determine the odds of death.

Based on the regression coefficient values, age, glycaemia
level, myocardial infarction history, coronary artery disease, and
stroke history are directly related to the odds of death. A 1-year
age increment increases the odds of death by 1.07 times (95% Cl
1.06-1.08); a 1-mmol/L glycaemia level increment, by 1.12 times
(95% Cl 1.1-1.15); history of myocardial infarction, by 1.62 times
(95% Cl 1.22-2.16); coronary artery disease, by 1.40 times
(95% Cl 1.12-1.76), and history of stroke, by 2.14 times (95% Cl
1.58-2.90). Figure 2 presents the impact on the odds of death
(95% Cl) for each of the factors included in Model 1.

Logistic regression cut-off value P was determined
through ROC curves analysis. The resulting curve is present-
ed on Figure 3.

The area under the ROC curve (which represents
the relationship between the odds of death and the value
of the logistic regression) amounts to 0.786+0.01 (95% Cl
0.77-0.81). The cut-off value of logistic regression is 0.061.
Any value of the regression that is equal of higher than this
cut-off value means a high risk of a lethal outcome. Values
under 0.061 mean a low risk of a lethal outcome. At this cut-
off value, Model 1 has 72.2% sensitivity and 68.5% specificity.

DISCUSSION

Our sub-analysis of the combined ACTIV and ACTIV 2
real clinical practice registries which included COVID-19
out-patients, in-patients and their 12-month post-COVID
follow up aimed to determine the impact of hyperglycaemia
on the COVID-19 outcome. Relevance of this study stems
from the fact that many researchers consider carbohydrate

Stroke history

Myocardial infarction history .

Coronary artery disease .

Glycaemia -

Age -

1.0 1.5

2.0
Odds of death

25 3.0

Figure 2. Impact on the odds of death (95% Cl) for each of the studied predictors
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Figure 3. ROC curve showing the relationship between the odds
of death and the value of predictive function (1)

metabolism disorder to be a major risk factor of more se-
vere COVID-19 course and of the unfavourable outcomes
[1,7,9,13].

Our analysis found the incidence of hyperglycaemia
in COVID-19 patients within the study cohort to be 28.9%,
where 11.6% were NDH patients with no prior CMD history,
and the remaining 17.3% were T2DM patients.

As per our sub-analysis, mortality rate in hyperglycae-
mia patients was 10.6%, i.e., significantly higher than that
in CMD-free patients (3.9%); T2DM patients had significantly
higher mortality rate than NDH patients (11.2% vs. 10.4%).
A similar trend was observed in patients with respiratory de-
ficiency (Sp0, < 93%), among whom NDH or T2DM doubled
the odds of death.

Our findings regarding vulnerability of SARS-CoV-2-
infected patients with hyperglycaemia correlate with find-
ings from multiple studies in Russia and other countries
that report 2 to 3 times higher mortality in diabetes pa-
tients vs. those without diabetes. Thus, a French nationwide
CORONADO study found mortality rate in T2DM patients
to be 20.6% [14]; a similar study conducted in the USA de-
termined it at 28.8% [15]; another one conducted in the UK
found it at 30.1% [16]; according to Russian Federal Registry
of Diabetes, that mortality rate is 15.2% [13].

Based on our sub-analysis of the combined ACTIV and
ACTIV 2 registries, one may conclude that CMD implies
a more severe COVID-19 course of disease. This is also con-
firmed by significantly higher incidence of CT score 3 and
CT score 4 patients among the T2DM and NDH groups and
more acute immunoinflammatory syndrome in such pa-
tients vs. those CMD-free.

This relationship correlates with findings of our col-
leagues from other countries: a meta-analysis of 47 stud-
ies showed that diabetes is associated with greater
severity of COVID-19 course of disease (odds ratio high-
er by 220 times; 95% Cl 1.69-2.86; p<0.00001) and
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higher mortality rate (odds ratio higher by 2.52 times; 95%
Cl 1.93-3.30; p<0.00001) [17]. A meta-analysis of 16 stud-
ies showed that patients with prior T2DM ran a higher risk
of severe COVID-19 course (odds ratio higher by 2.60 times;
95% Cl 1.96-3.45; p=0.01) [18]. A combined analysis of 33
studies found a significant relationship between T2DM and
greater severity of the infection course (odds ratio higher
by 2.75 times; 95% Cl 2.09-3.62; p<0.01) and higher mor-
tality rate in COVID-19 (combined odds ratio higher by
1.90 times; 95% Cl 1.37-2.64; p<0.01) [19].

Interestingly, CMDs affect the mortality rate in COVID-19
differently, depending on the disorder type. In our study,
T2DM increased the odds of death by 2.48 times, whereas
NDH did so by 2.04 times only. Conversely, CMD-free status
decreased the odds of death by 2.94 times. Likewise, NDH
patients had more unfavourable COVID-19 course of disease
vs. CMD-free ones; however, T2DM patients were not com-
parable to NDH patients by clinical laboratory tests and de-
gree of pulmonary involvement.

This finding runs against many researchers’ claim that
NDH causes more unfavourable course and prognosis
in COVID-19 vs. a pre-existing T2DM [10, 20-22]. It seems
that a deviation from that pattern was detected in our case
due to the limitations of our observational study wherein
patients having a stress-induced or steroid-induced hyper-
glycaemia could not be distinguished from those with undi-
agnosed T2DM.

It is important that our findings show peri-COVID CMDs
to affect the course of longer-term post-COVID period. Our
sub-analysis of the combined ACTIV and ACTIV 2 registries
revealed that CMD patients reported greater numbers
of negative symptoms and longer periods over which they
were experienced in post-COVID phase. Thus, at 12 months
after COVID-19 T2DM patients were experiencing expec-
torations, thoracalgia, heart palpitations, high blood pres-
sure, fatigue, and diarrhoea significantly more frequently vs.
CMD-free patients. The same symptoms, except thoracalgia
and fatigue, were reported by NDH patients who experi-
enced them more frequently than CMD-free patients, but
less frequently than T2DM ones. These findings will help
adjust post-COVID rehabilitation programmes, as NDH and
T2DM patients should be considered a high-risk group for
more prolonged and persisting post-COVID complains [23].
Unfortunately, we could not analyse post-COVID mortality
due to the low response rate. However, other studies show
that diabetes is one of the early independent predictors
of 90-day mortality in a sample of 4,643 severe COVID-19
patients [24]; T2DM in patients over 60 increases the odds
of death within 90 days (odds ratio higher by 2.55 times;
95%Cl 1.16-5.61; p=0.016) [25]. An analysis of over
100,000 hospitalized COVID-19 patients in the USA shows
diabetes to increase by 20% the odds of a hospital readmis-
sion within six months [26].

Our substantial finding is high incidence of concomitant
diseases in CMD patients. A multivariate analysis revealed
co-morbid conditions such as coronary artery disease, my-
ocardial infarction history, or stroke history to substantially
increase the odds of death (by 1.4, 1.6, and 2.1 times, re-
spectively). Interestingly, our sub-analysis did not confirm
obesity or hypertension to increase the odds of death (such
relationship was reported by some studies: [7, 27]) unless as-
sociated with the above conditions.
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Figure 4. Probable mechanisms of development of newly diagnosed hyperglycaemia/diabetes in COVID-19 patients. Adapted from [31]

Significance of co-morbid diseases in T2DM patients was
shown in prior studies based on an analysis of the ACTIV reg-
istry. In combination with obesity and cardiovascular diseas-
es (CVDs), diabetes significantly increased the risk of death
for hospital patients during the acute COVID-19 phase (odds
ratio higher by 2.24 times; 95% Cl 1.59-3.15; p<0.01 across
all age groups; odds ratio higher by 2.51 times; 95% Cl
1.69-3.72; p<0.01 for patients over 60). A significant increase
in the odds of death was also observed for the combinations
“hypertension + obesity + diabetes” and “hypertension +
coronary artery disease + chronic heart failure + diabetes”
(odds ratio higher by 2.17 times; 95% Cl 1.53-3.08; p<0.01,
and odds ratio higher by 4.21 times; 95% Cl 2.78-6.38;
p<0.01, respectively) [3, 28]. Interestingly, average blood
sugar was found to vary depending on whether the patients
had any co-morbid conditions and on the number of such
conditions in a patient: 5.44 mmol/L for CVD-free patients;
6.07 mmol/L for those with one CVD; 7.1 mmol/L for those
with two or three CVDs, and 7.79 mmol/L for those with four
or more CVDs (p<0.01) [3].

A key objective of our study was to analyse the incidence
of newly diagnosed CMDs among COVID-19 patients and
to assess the nature and persistence of such CMDs. Our
sub-analysis found peri-COVID NDH (11.6% rate) to result
in 1.7% of newly diagnosed cases of T2DM controlled by oral
sugar-reducing drugs at 12 month follow-up. This shows
a transitory nature of peri-COVID hyperglycaemia. However,
given the negative impact of hyperglycaemia on COVID-19

course of disease and outcome, this condition requires early
diagnostics and serious timely correction efforts.

The incidence of new cases of diabetes during recov-
ery from COVID-19 has been a focus of many studies. Such
studies are complexified by extremely heterogeneous co-
horts for studying the incidence of COVID-19, given the dif-
ferences in COVID-19 course of disease, gender and ethnic
characteristics of patient samples, differences in SARS-CoV-2
variants prevailing during various phases of the COVID-19
pandemic, and differences in the application of corticoster-
oid therapy [29]. Perhaps, this is the reason why very few
studies have attempted to analyse NDH outcomes in long-
term post-COVID period; this highlights the need for more
such studies. A distinctive study by W. Rathmann et al. ([30])
should be mentioned in this regard: based on an analysis
of a 8.8-million-patient database, these scholars compared
the rate of new T2DM cases diagnosed after COVID-19
against the rate of new diabetes cases diagnosed after acute
respiratory diseases in general and found that COVID-19 re-
sults in 28% higher rate of newly diagnosed T2DM; we are
making a similar point in this paper.

The literature suggests quite a few hypotheses
on probable mechanisms of pathological interaction be-
tween SARS-CoV-2 and CMDs. Exact underlying processes
remain obscure; however, one may presuppose a number
of complex cross impact pathways, including direct dam-
age of the pancreas cells resulting in lower insulin secretion;
acute inflammation resulting in higher insulin resistance;
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stress-induced hyperglycaemia; and negative effects of cor-
ticosteroid therapy resulting in steroid-induced hypergly-
caemia (see Figure 4).

Thus, the interaction between COVID-19 and diabetes can
be described as a two-way relationship of between the infec-
tion process and CMDs. A better understanding of this rela-
tionship and timely preventive care will help minimise the im-
pact of this harmful tandem on the prognosis both during
the current pandemic and during any future one.

Limitations of this study

ACTIV and ACTIV 2 are real medical practice registries.
Some of the variables were entered therein on an“if any” ba-
sis; the respective fields were not mandatory to fill out. Thus,
some data were lost at the stage of data entry by medical re-
searchers; moreover, the accuracy of data transmitted orally
by phone may be limited. Also, several changes in federal
clinical guidance for COVID-19 treatment took place during
the data collection periods (most of the changes concerned
the management of COVID-19 patients and the respective
therapy). It should be noted that, due to lack of information
about COVID-19 at the outset of the pandemic (spring and
summer 2020), the actual number of hospital admissions for
SARS-CoV-2 infection exceeded the number justified by im-
mediate medical indications; thus, it may be surmised that
the patients entered in the registry had various degrees
of COVID-19 severity.

CONCLUSION

This paper presents a sub-analysis of the combined
ACTIV and ACTIV 2 registries. To date, this is one of the most
large-scale studies (spanning over 9,000 patients) of CMDs
impact on COVID-19 outcome. An important feature
of this study is that it includes not only an analysis of NDH
and T2DM impact on COVID-19 course and mortality
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in peri-COVID period but also over longer-term post-COVID
outcomes (at 12 months).

Our analysis revealed that CMDs increase the severity
of COVID-19, higher degree of pulmonary tissue damage,
greater respiratory deficiency, and more acute immunoin-
flammatory syndrome. We showed that a peri-COVID hy-
perglycaemia (NDH + T2DM) increases the odds of death by
20%, and the predictors of a lethal outcome include co-mor-
bid conditions such as coronary artery disease, myocardial
infarction history, stroke history, and higher age.

At one year post-COVID, NDH and T2DM patients report
symptoms typical for post-COVID syndrome more often than
CMD-free patients; following the acute phase of COVID-19,
NDH turns into 1.7% of new T2DM cases.
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