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Gender-specific features of the pro-inflammatory response in patients with type 2 diabetes (DT2) during COVID-19 are an urgent problem of modern
medicine, due to the high prevalence of metabolic disorders, adverse course of infection and differences in the immune response depending on
gender. Of particular importance are pro-inflammatory biomarkers that reflect the intensity of systemic inflammation, allow predicting the severity of
the disease course, the development of complications, and can be used for risk stratification in men and women with DT2.

Aim — to carry out a systematic analysis of modern scientific data on sex-specific features of the prognostic value of pro-inflammatory biomarkers in patients
with DT2 in the presence of COVID-19 and to determine their role in predicting the severity of the course and clinical consequences of the disease.
Summarizing the results of modern research shows that the levels of interleukin-6, C-reactive protein, ferritin, tumor necrosis factor alpha, D-dimer,
and neutrophil-to-lymphocyte ratio are closely associated with the severity of the course of COVID-19 in patients with DT2. The presence of sex-spe-
cific features of the immune and inflammatory response, which can influence the prognostic value of certain biomarkers regarding the risk of hospi-
talization to the intensive care unit, the development of multiple organ failure, and fatal outcomes, has been established. The analysis of literature
sources confirms the expediency of a comprehensive assessment of biomarkers, taking into account the gender of patients, to increase the accu-
racy of predicting the clinical course of COVID-19.

Conclusions. The prognostic value of pro-inflammatory biomarkers in patients with DT2 depends not only on the severity of systemic inflammation,
but also on sex-specific features of the immune response. The use of a comprehensive approach to the assessment of laboratory indicators, taking
into account gender, can contribute to early prediction of the adverse course of COVID-19, optimization of clinical monitoring and personalization of
treatment tactics.
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CraTteBo-cneuucivHi 0co6IMBOCTI NPOrHOCTUYHOI LIIHHOCTI Npo3ananbHux 6iomapkepis

y naui€eHTiB i3 uykposum giabetom 2 Tuny ta COVID-19
M.M. feket’, A.fl. Beninka?

[1IBH3 «Y>KropoaAChKMii HalioHabHII YHIBEPCUTET», YKpalHa

2BYKOBUHCHKMI AePXaBHMIA MeAMUHII YHIBEpCHTET, M. HepHiBLi, YkpaHa

CrareBo-cneumndiyHi oco6n1MBOCTI Npo3anaabHol BiANOBIAl B NaUIEHTIB i3 LykposuM aiadetom 2 tnny (LLA2) nia yac COVID-19 € akTyansHow
NPOOGIEMOIO CyHaCHOT MeANLMHM, LLO OOYMOB/IEHO BUCOKOIO MOLUMPEHICTIO METAOONIHHIX NMOPYLUEHb, HECMIPUATIMBIM NEepebirom iHhekUil Ta
BIAMIHHOCTSIMM IMYHHOT BIANOBIAI 3an1eXHO BiA cTati. Ocob/1Be 3Ha4YeHHA MaloTb Npo3anasbHi Giomapkepu, aKi BinoOpaxatoTs IHTEHCUBHICTb
CUCTEMHOrO 3ananeHHsd, 4aloTb 3MOry NPOrHO3yBaTH TAXKICTL Nepebiry 3aXBOPIOBaHHS, PO3BUTOK YCKIaAHEHb Ta MOXYTb BUKOPUCTOBYBATUCSA
ONg cTpatndikauii pusnky B YONOBIKIB 1 XKIHOK i3 LIJ2.

Merta — NpoBeCTV CMCTEMATUYHMIA aHaNI3 CyHacHWX HayKOBMX AaHNX LLIOAO CTaTeBO-CneLndiyHnx 0CoOMMBOCTEN NPOrHOCTUYHOI LIHHOCTI MpO3ananbHuX
6iomapkepiB y nauienTis i3 L2 npy COVID-19 Ta BU3HAUMTI IXHIO POSb Y MPOrHO3YBaHHI TSHKKOCTI Nepeodiry i KNIHIYHKX HaCNiaKiB 3aXBOPIOBaHHA.
Y3aranbHeHHs pesyneTatis CyuaCHUX AOCIMKEHb CBIAUNT, LLO PIBHI IHTepNelikiny-6, C-peakTnBHOro 6inka, PepuTuHy, (hakTopa HEKPO3y MyXanH
aneda, D-aumepy 1a HenTPodINbHO-NIMMOLMTAPHOrO CNIBBIAHOLEHHS TICHO acouiloloTeCs 3 TAXKICTIO Nnepebiry COVID-19 y nauieHTiB i3 LIA2.
BcTtaHoBNEHO HasBHICTb CcTaTeBO-CneundivHnx 0CO6IMBOCTEN IMYHHOI Ta 3ananbHO! BiANOBIAI, AKi MOXYTb BNAVBATH Ha MPOrHOCTUYHY LIHHICTb
OKpeMnx Biomapkepis WOAO0 pU3nKy rocnitanisauii 40 BIAAIMEHHS IHTEHCKMBHOT Tepanil, pO3BUTKY MOMIOPraHHOl He4OCTAaTHOCTI Ta NeTansHuX
Hacniakis. AHanis niTepatypHuUX xepen niatBepaxye AOUINBHICTE KOMINEKCHO! OLIHKM GioMapKepiB i3 ypaxyBaHHAM CTaTi nauieHTiB 419 NiABULLEHHS
TOYHOCTI NPOrHO3YBaHHS KiHiYHOro nepebiry COVID-19.

BUCHOBKMU. [1pOrHOCTMYHE LIHHICTE NpO3anansHyx Giomapkepis y nauienTis i3 L2 3anexnts He avlie Bid BUPaxXeHOCTI CUCTEMHOMO 3ananeHHs,
a i BiA cTaTeBo-cneundiyHnx ocoo6mBoOCTer IMyHHOI BIANOBIAI. BUKOPUCTaHHA KOMMNEKCHOrO NiAX0AY 40 OUHKM 1abopaTOpHUX MOKa3HUKIB i3
ypaxyBaHHAM CTaTi MOXE CNPUSTY PaHHbOMY NPOrHO3YBaHHIO HecnpuaTansoro nepebiry COVID-19, ontuMizauii KNiHIYHOMO MOHITOPUHIY Ta
nepcoHiikaLi MikyBanbHO! TaKTUKU.

ABTOPU 3a4BN5I0Tb MPO BIACYTHICTL KOHMAIKTY iIHTEpeCiB.

KntouoBi cnoa: COVID-19, Liykposwii fiabet 2 Tuny, npo3anansHi 6iomapkepy, CTatesi BIAMIHHOCTI, CUCTEMHE 3ananeHHs, NPorHo3, CMCTemaTnyH1iA orngaa.
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Introduction

he COVID-19 pandemic significantly

changed the understanding of the pathoge-
nesis of viral infections, demonstrating the leading
role of systemic inflammation in the formation of the
severe course of the disease and the development of
multiple organ dysfunction. Despite significant
progress in prevention and treatment, infection
caused by the SARS-CoV-2 virus continues to be an
important public health problem, especially among
patients with chronic non-communicable diseases
[6,15,19]. One of the most vulnerable categories is
patients with type 2 diabetes, in whom impaired car-
bohydrate metabolism is combined with chronic
low-intensity inflammation, endothelial dysfunc-
tion, oxidative stress, and immune disorders, which
significantly increase the risk of an adverse course of
COVID-19[16,17].

It is known that hyperglycemia, insulin resistance,
and metabolic disorders contribute to the activation
of pro-inflammatory signaling pathways, increased
cytokine production, and the development of a dys-
regulated immune response [1,3,7]. In such patients,
high concentrations of interleukin-6 (IL-6), C-reac-
tive protein (CRP), ferritin, tumor necrosis factor
alpha (TNF-a), D-dimer and other laboratory indi-
cators that reflect the intensity of the systemic in-
flammatory reaction are more often registered. To-
day, these biomarkers are considered potential
predictors of the severity of the disease, the develop-
ment of acute respiratory distress syndrome, throm-
botic complications, the need for an intensive care
unit, and mortality [4,6,8,12].

In recent years, more and more attention has been
paid to the study of sex-specific features of the
course of COVID-19. Accumulated clinical and ex-
perimental data indicate that men and women may
differ in the nature of the immune response, the level
of expression of ACE2 receptors, the activity of pro-
inflammatory cytokines, the influence of sex hor-
mones on the regulation of inflammation, and the
frequency of complications [6,14,16]. Patients with
type 2 diabetes are of particular interest, since the
combination of metabolic disorders with hormonal
and immunological differences can determine the
individual characteristics of the clinical course of the
infection and the prognostic value of laboratory pa-
rameters [5,6].

Despite a significant number of publications, re-
search results remain ambiguous. Some authors
report a higher prognostic value of certain biomar-
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kers in men, while others note a more pronounced
association between systemic inflammation and
adverse clinical outcomes in women, especially in
the postmenopausal period [1,2,8,11]. In addition,
there is no unified approach to the interpretation of
laboratory indicators, taking into account the gen-
der of patients and the characteristics of the course
of type 2 diabetes. This necessitates the systemati-
zation of current scientific data on the prognostic
value of pro-inflammatory biomarkers and the as-
sessment of their role in risk stratification depend-
ing on gender, which is important for personalizing
the clinical management of patients with
COVID-19.

Aim — to carry out a systematic analysis of modern
scientific data on sex-specific features of the prog-
nostic value of pro-inflammatory biomarkers in pa-
tients with type 2 diabetes in the presence of
COVID-19 and to determine their role in predicting
the severity of the course and clinical consequences
of the disease.

The study was conducted in the format of a sys-
tematic review of the scientific literature using the
principles of evidence-based medicine and PRISMA
2020 recommendations for the preparation of review
studies. Information search was carried out in inter-
national scientometric databases PubMed, Scopus,
Web of Science, and Google Scholar. The analysis
included scientific articles published in English and
Ukrainian during 2020—2025 that highlighted the
features of the pro-inflammatory response, the prog-
nostic value of laboratory biomarkers, gender diffe-
rences in the course of COVID-19, and clinical as-
pects of type 2 diabetes.

Literature sources were searched using combina-
tions of keywords and their synonyms: COVID-19,
SARS-CoV-2, type 2 diabetes mellitus, inflamma-
tory biomarkers, IL-6, CRP, ferritin, D-dimer, neu-
trophil-to-lymphocyte ratio (NLR), sex differences,
gender differences, prognosis. Original clinical stu-
dies, systematic reviews, meta-analyses, and inter-
national clinical guidelines were considered during
selection.

The inclusion criteria were the presence of data on
the prognostic value of one or more pro-inflammato-
ry biomarkers in patients with type 2 diabetes con-
firmed by COVID-19, as well as the analysis of gen-
der characteristics of the course of the disease.
Publications with incomplete results, duplicates,
clinical cases, conference abstracts, and papers with-
out full text were excluded.
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The processing of literary sources was carried out
by bibliosemantic analysis, systematization, critical
evaluation, comparison and generalization of the ob-
tained data. Special attention was paid to the assess-
ment of the prognostic significance of IL-6, CRP,
ferritin, D-dimer, TNF-a, and NLR, taking into ac-
count sex-specific features of the immune response
and the clinical course of COVID-19 in patients
with type 2 diabetes.

An analysis of modern scientific publications
proved that type 2 diabetes is one of the most impor-
tant risk factors for the adverse course of COVID-19.
Most studies have noted that a combination of meta-
bolic disorders, chronic systemic inflammation, endo-
thelial dysfunction, and disorders of innate and adap-
tive immunity contributes to the development of
severe clinical forms of the disease, increases the fre-
quency of hospitalizations in intensive care units, the
need for respiratory support, and the risk of death
[2,7,16]. The study of pro-inflammatory biomarkers,
the concentration of which reflects the activity of the
systemic inflammatory response and can be used to
predict the clinical course of COVID-19, attracts the
special attention of researchers [1,11].

The largest number of scientific works is devoted
to IL-6, which is one of the key mediators of the cy-
tokine cascade. Summarizing the results of research
shows that an increase in the concentration of IL-6 is
reliably associated with an increase in the risk of de-
veloping acute respiratory distress syndrome, mul-
tiple organ failure, and mortality in patients with
type 2 diabetes [17]. It has been established that
chronic hyperglycemia stimulates the production of
pro-inflammatory cytokines, increases the activation
of macrophages and endothelial cells, creating pre-
requisites for the development of an excessive im-
mune response after SARS-CoV-2 infection. That is
why the level of TL-6 is considered not only as
a marker of inflammatory activity, but also as an in-
dependent prognostic factor of the severe course of
COVID-19[3,8].

C-reactive protein (CRP) occupies an equally im-
portant place among laboratory predictors. Accord-
ing to the results of most clinical studies, a direct
relationship between its concentration and the se-
verity of clinical manifestations of the disease has
been established [10]. High CRP levels are associ-
ated with significant lung tissue damage, the deve-
lopment of a systemic inflammatory response, pro-
longed hospital stay, and an increased risk of adverse
clinical outcomes [4,9]. In patients with type 2 dia-
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betes, the concentration of this indicator, as a rule,
exceeds similar values in individuals without carbo-
hydrate metabolism disorders, which is explained by
the presence of chronic subclinical inflammation
even before the development of an acute viral infec-
tion [14].

A significant number of studies confirm the prog-
nostic value of ferritin as a marker of hyperinflamma-
tion. Hyperferritinemia reflects not only a violation
of iron metabolism but also an indicator of the acti-
vation of the macrophage system and the develop-
ment of a cytokine storm [5,19]. In patients with
type 2 diabetes, an increase in ferritin concentration
is more often combined with pronounced insulin re-
sistance, oxidative stress, and endothelial dysfunc-
tion, which potentiates the development of a severe
course of COVID-19. Many authors consider ferritin
to be one of the most informative laboratory indica-
tors for early risk stratification, especially if it is
comprehensively evaluated together with IL-6 and
CRP[12,18].

Particular attention is paid to D-dimer and NLR,
which reflect the relationship between inflammatory
processes, activation of the coagulation cascade, and
immune dysregulation [5]. An increase in the D-di-
mer level is associated with the development of
thromboembolic complications, impaired microcir-
culation, and worsening of the disease prognosis. At
the same time, the increase in NLR is considered
a simple and accessible indicator of the intensity of
systemic inflammation, which can be used for early
prediction of the severe course of COVID-19 in pa-
tients with concomitant type 2 diabetes [13,15].

In recent years, researchers have been particu-
larly interested in the analysis of sex-specific features
of the immune response to COVID-19. Summarizing
the results of clinical studies shows that the prognos-
tic value of pro-inflammatory biomarkers can differ
significantly in men and women [6]. Such differenc-
es are associated with the influence of sex hormones,
genetic factors, features of the expression of angio-
tensin-converting enzyme 2 (ACE2) receptors, as
well as differences in the functioning of cells of in-
nate and adaptive immunity [1,7,12].

Most publications indicate that women are cha-
racterized by a more effective early antiviral re-
sponse, which is ensured by higher activity of plas-
macytoid dendritic cells, T-lymphocytes, and
production of type I interferons [4,15,19]. At the
same time, estrogens are able to suppress the exces-
sive production of pro-inflammatory cytokines, re-
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ducing the intensity of the systemic inflammatory
reaction. Such mechanisms partially explain the
lower frequency of severe forms of COVID-19
among women of reproductive age compared to men
of a similar age [17,18].

However, in women with type 2 diabetes, espe-
cially in the postmenopausal period, there is a gra-
dual loss of the protective effect of estrogens. A de-
crease in their concentration is accompanied by an
increase in insulin resistance, accumulation of vis-
ceral adipose tissue, activation of chronic systemic
inflammation, and an increase in the concentration
of IL-6, CRP, and ferritin [2,8,9]. This may increase
the risk of developing a severe course of COVID-19
and reduce the prognostic difference between men
and women of older age groups [10].

Some authors report that it is in women with de-
compensated type 2 diabetes that CRP and IL-6 le-
vels are more closely correlated with the duration of
hospitalization and the risk of multiple organ failure.
At the same time, other researchers point to the
greater prognostic significance of D-dimer and fer-
ritin among men [5,11]. Such contradictions can be
explained by the heterogeneity of the studied popu-
lations, different patient inclusion criteria, diffe-
rences in the age structure, the frequency of obesity,
the level of diabetes compensation, and the applied
drug therapy [3,14].

Special attention is paid to the NLR as one of the
most accessible indicators of the systemic inflamma-
tory response. The majority of studies confirm its
high informativeness regardless of the gender of the
patients [6]. However, some authors indicate that in
women, the predictive accuracy of NLR can increase
when body mass index, HbA1c level, and CRP con-
centration are taken into account simultaneously,
while in men, the combination of NLR with D-dimer
and ferritin shows the greatest diagnostic value [13].
This indicates the expediency of using combined
models of risk assessment, which take into account
not only individual laboratory parameters but also
gender, age, metabolic status, and concomitant pa-
thology.

A systematic review of the literature confirms that
pro-inflammatory biomarkers take a leading place
among laboratory indicators that predict the clinical
course of COVID-19 in patients with type 2 diabetes
[16]. Despite a significant number of studies, there is
no universal biomarker that would be characterized
by an equally high prognostic value for all categories
of patients. That is why the majority of modern au-
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thors recommend using a comprehensive assessment
of several indicators at the same time, which pro-
vides higher accuracy in predicting adverse clinical
consequences [8,17]. The obtained results are con-
sistent with modern ideas about the pathogenesis of
COVID-19, according to which the severity of the
disease is determined not only by the direct replica-
tion of the virus, but also by the intensity of the sys-
temic inflammatory response, endothelial dysfunc-
tion, hemostasis disorders, and metabolic changes
characteristic of type 2 diabetes [1,3]. Chronic hy-
perglycemia contributes to the activation of pro-
inflammatory signaling pathways, which significant-
ly enhances the development of a cytokine storm and
causes a high risk of severe complications [2].

Of particular interest are the results of studies de-
voted to sex-specific aspects of the prognostic value of
pro-inflammatory biomarkers. The generalization of
modern literary data shows that gender is an impor-
tant biological factor that affects the intensity of the
immune response, the features of cytokine activation,
and the nature of the clinical course of COVID-19
[1,8]. At the same time, gender differences are not li-
mited to the level of individual laboratory indicators,
but include complex relationships between hormonal
status, genetic mechanisms, metabolic disorders, and
the functioning of the immune system [13,16].

It has been established that estrogens are capable
of modulating the activity of pro-inflammatory cy-
tokines, reducing the expression of certain inflam-
matory mediators and maintaining the functional
activity of the endothelium. That is why women of
reproductive age more often show a less pronounced
systemic inflammatory reaction after infection with
SARS-CoV-2 [15]. However, with the onset of the
postmenopausal period, the protective effect of es-
trogens gradually decreases, which is accompanied
by an increase in insulin resistance, an increase in the
mass of visceral adipose tissue, the development of
dyslipidemia and chronic low-intensity inflamma-
tion [14]. In the presence of type 2 diabetes, these
processes mutually potentiate each other, contribut-
ing to an increase in the concentration of IL-6, CRP,
ferritin and other markers of the systemic inflamma-
tory response [5,11].

At the same time, the analysis of published works
proved the absence of a single approach to the assess-
ment of gender differences in the prognostic value of
biomarkers. A significant part of clinical studies con-
sidered gender only as one of the demographic cha-
racteristics of the sample, without performing a se-
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parate statistical analysis for men and women [6,8,9].
Many studies did not stratify outcomes by age,
menopausal status, level of diabetes compensation,
disease duration, or obesity. This significantly limits
the possibility of forming convincing conclusions
regarding the clinical significance of sex-specific fea-
tures of systemic inflammation [4,7].

Significant methodological heterogeneity of avail-
able studies remains an important problem. The au-
thors used different criteria for assessing the severity
of COVID-19, different threshold values of labora-
tory indicators, different time intervals for the deter-
mination of biomarkers, and different statistical fore-
casting models [10]. In addition, the results could
depend on the dominant variants of SARS-CoV-2,
the level of vaccination of the population, the speci-
fics of the applied antiviral and anti-inflammatory
therapy, which must also be taken into account when
interpreting the obtained data [18].

Despite the mentioned limitations, the majority
of modern publications confirm the feasibility of us-
ing a complex panel of pro-inflammatory biomarkers
instead of evaluating a separate laboratory indicator
[19]. The combination of concentrations of 1L-6,
CRP, ferritin, D-dimer, and NLR provides a higher
prognostic accuracy for the development of a severe
course of COVID-19 than the use of each marker
alone. The inclusion in such models of the patient’s
clinical characteristics, in particular age, sex, body
mass index, HbA1c level, concomitant cardiovascu-
lar pathology and the functional status of the kid-
neys, allows for significantly improved risk stratifica-
tion [12].

A promising direction of further research is the de-
velopment of sex-oriented prognostic algorithms that
will combine laboratory, clinical and metabolic indi-
cators. This approach corresponds to the modern
concept of personalized medicine and can contribute
to the timely identification of patients with a high
probability of developing adverse consequences. This
is especially relevant for postmenopausal women
with type 2 diabetes, in whom the combination of
age-related hormonal changes, chronic systemic in-
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flammation, and metabolic disorders creates addi-
tional prerequisites for a severe course of COVID-19.

Systematization of modern scientific data shows
that sex-specific analysis of pro-inflammatory bio-
markers is a promising direction of clinical research.
Taking biological sex into account during the interpre-
tation of laboratory parameters may increase the ac-
curacy of prediction, optimize clinical monitoring of
patients with type 2 diabetes mellitus, and contribute
to the implementation of more personalized approach-
es to the management of patients with COVID-19.

Conclusions

A systematic analysis of modern scientific sources
confirmed that pro-inflammatory biomarkers play an
important role in predicting the clinical course of
COVID-19 in patients with type 2 diabetes. Interleu-
kin-6, CRP, ferritin, D-dimer, and NLR demonstrated
the greatest prognostic value, the increase of which is
associated with an increase in the risk of a severe
course of the disease, the development of multiple or-
gan failure and adverse clinical consequences.

The generalization of the results of published
studies indicates the presence of sex-specific features
of the immune and inflammatory response, which
can affect the diagnostic and prognostic informative-
ness of individual laboratory indicators. At the same
time, the available literature remains heterogeneous
due to differences in study design, sample characte-
ristics, and insufficient consideration of patients’
hormonal and metabolic status.

A promising direction for further research is the
development of standardized sex-oriented prognos-
tic models that will combine the assessment of
pro-inflammatory biomarkers with clinical and me-
tabolic characteristics of patients. This approach will
contribute to more accurate risk stratification, time-
ly identification of patients with a high probability
of developing complications, optimization of clinical
monitoring, and implementation of personalized ap-
proaches to the management of patients with type
2 diabetes and COVID-19.
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