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ABSTRACT

Background: Type-2 Diabetes mellitus is a chronic systemic disease characterized by an increased blood glu-
cose concentration which may be due to decreased effect of insulin on target tissues. blood glucose concentra-
tion which may be due to decreased effect of insulin on target tissues. Several retrospective studies in Wuhan
indicated that diabetes was one of the most prevalent comorbidities in COVID-19 patients. The effects of this
comorbidity on inflammatory markers in southwest Nigeria are a serious health concern.

Methods: This multicenter cross-sectional study investigated inflammatory markers in 400 participants catego-
rized into distinct groups, including Type-2DM subjects without a history of COVID-19, COVID-19-recovered
T2DM subjects at the onset of recovery (0 Month), COVID-19-recovered T2DM subjects three months post-
recovery (3 Month), COVID-19-recovered subjects without T2DM, and apparently healthy controls. Blood
samples were collected and analyzed for plasma Hs-Crp, D-dimer, and C-peptide using immuno-turbidimetry
and Interleukin-6 levels using ELISA in all groups.

Results: Results were interpreted by one-way ANOVA with post-hoc Tukey's tests, which were used to com-
pare the various groups in the study. Participants with T2DM recovering from COVID-19 exhibited significant-
ly elevated levels of High Sensitivity C-Reactive Protein (HsCRP) (4.19 £+ 0.67 mg/L), C-Peptide (4.84 = 0.89
ng/ml), Interleukin-6 (IL-6) (46.01 £ 7.21 pg/ml), and D-Dimer (1.19 + 0.43 mg/L) compared to healthy con-
trols (p < 0.001). Three months post-recovery, these markers significantly decreased (p < 0.001), indicating a
resolution of inflammatory responses. Correlation analysis revealed significant positive associations between
glycemic control and inflammatory markers (p < 0.001).

Conclusion: These findings underscore the exacerbated inflammatory responses in COVID-19 patients with
T2DM and highlight the dynamic nature of inflammation during recovery.
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1.0 INTRODUCTION

The COVID-19 pandemic caused by SARS-CoV-2 has
presented unprecedented challenges to global health sys-
tems, with millions affected and significant morbidity and
mortality worldwide [1]. Emerging evidence indicates
that severe cases of COVID-19 are often characterized by
dysregulated inflammatory responses, marked by elevat-
ed levels of cytokines and acute phase reactants such as
High-Sensitivity C-Reactive Protein (HsCRP), interleu-
kin-6 (IL-6), and others [2]. These inflammatory markers
not only serve as indicators of disease severity but also
contribute to the pathogenesis of complications like acute
respiratory distress syndrome (ARDS) and multi-organ
failure [3].

Individuals with Type 2 Diabetes Mellitus (T2DM) repre-
sent a population at heightened risk for severe outcomes
from COVID-19 [4]. Diabetes, characterized by insulin
resistance and impaired glucose metabolism, complicates
the course of COVID-19 due to its impact on immune
function and inflammation [5]. The interaction between
COVID-19 and diabetes results in a bidirectional rela-
tionship where COVID-19 exacerbates hyperglycemia
and worsens diabetes control, while diabetes itself con-
tributes to enhanced inflammation and a predisposition to
severe COVID-19 outcomes [6].

Despite these observations, significant gaps persist in our
understanding of the specific mechanisms that drive ex-
acerbated inflammatory responses in individuals with
COVID-19 and T2DM. While existing literature exten-
sively documents the clinical manifestations and epidemi-
ological associations between COVID-19 and diabetes,
detailed investigations into the longitudinal changes and
interactions of inflammatory markers during different
phases of COVID-19 and diabetes comorbidity remain
limited [7]. This limitation is crucial as it hinders the de-
velopment of targeted therapeutic strategies aimed at mit-
igating the inflammatory cascade that contributes to dis-
ease progression and complications in this vulnerable
population [8,9].

Moreover, the dynamics of inflammatory markers in
COVID-19 patients with T2DM present an intricate inter-
play that is not fully elucidated. Studies often focus on
acute-phase responses or single time-point assessments,
thereby neglecting the evolving nature of inflammation
from acute infection through recovery phases. This gap in
knowledge undermines efforts to tailor clinical manage-
ment and predict outcomes effectively in COVID-19 pa-

tients with underlying diabetes. Addressing these gaps is
imperative to enhance our understanding of the patho-
physiological mechanisms involved, identify potential
prognostic biomarkers, and guide the development of
targeted interventions that can mitigate the adverse im-
pact of exacerbated inflammatory responses in this high-
risk population.

2.0 METHODOLOGY
2.1 Study Design

This was a multi-centre cross-sectional study, female and
male participants aged between 30 and 60 years, who met
the inclusion criteria were recruited for the study.

2.2 Study Site

For this study, 3 centers were used, Covid-19 Centre in
University College Hospital Ibadan, Virology Depart-
ment College of Medicine UCH at Queen Elizabeth Road
Ibadan and Infectious Disease Centre Olodo Ibadan, all in
Nigeria. Ibadan is the largest city in West Africa. Ibadan
is located in south-western Nigeria.

With a population of over 3 million. Latitude of Ibadan
is 723°16.008” N ; Longitude of Ibadan is 353 47.004”
E . These hospitals serve both the community and several
satellite areas in Ibadan, Oyo State as shown in Figure 1
below:
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Figure 1. Map of Oyo State Showing Ibadan target zones.
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2.3 Study Population

The study population consists of 400 participants, divided
into five distinct groups to analyze gender-specific differ-
ences in biochemical markers among patients with comor-
bid Type 2 Diabetes Mellitus (T2DM) and COVID-19.
These groups include 80 T2DM subjects without a history
of COVID-19 (positive controls), 80 COVID-19 recov-
ered T2DM subjects at the onset of recovery (0 Month),
80 COVID-19 recovered T2DM subjects three months
post-recovery (3 Month), 80 COVID-19 recovered sub-
jects without T2DM, and 80 apparently healthy individu-
als (negative controls). The participants, aged between 30
and 60 years, include both male and female subjects in
equal proportion across all groups. This demographic di-
versity ensures a robust comparison of biochemical mark-
ers, accounting for the influence of both gender and the
presence of T2DM in the context of COVID-19 recovery.

2.4 Exclusion Criteria

The following individuals were excluded from the study
which were the pregnant women, individuals with sleep
disorder, infections, smokers. Also individuals below 30
and above 60 years were excluded from the study.

2.5 Inclusion Criteria

The participants in the study included type 2 diabetic
male and female that recovered from Covid-19 and type 2
dm patients without complications in which all the partic-
ipants were between 30 and 60 years.

2.6 Blood Collection

Blood sample (5ml) was collected from all subjects via
venipuncture of an antecubital vein. 2ml was dispensed
into sodium citrate containing test tubes for D-Dimer esti-
mation and 3ml into lithium heparin for Hs-crp, C-peptide
and IL-6.

2.7 Ethical Considerations

Ethical approval was obtained from Ministry of Health,
Oyo State Ethical Review Committee Secretariat Ibadan.
Informed consent forms were filled by the participants.

All information obtained from the participants was kept in
strict confidentiality.

2.8 Biochemical Analysis

C-peptide was estimated using immuno-turbidimetry,
where a peroxidase-conjugated anti-C-peptide antibody
reacted with TMB to produce a colorimetric endpoint
measured spectrophotometrically. High-Sensitivity C-
Reactive Protein (HsCRP) was measured using immuno-
turbidimetry with latex particles coated with anti-CRP
antibodies, forming immune complexes detected by light
scattering at 546 nm. IL-6 was estimated using Enzyme-
Linked Immunosorbent Assay (ELISA), where a target-
specific antibody captured IL-6 in the sample, and a col-
orimetric reaction was measured at 450 nm to determine
the concentration, while D-Dimer was measured by im-
muno-turbidimetry using latex particles coated with anti-
D-Dimer antibodies, with the agglutination measured tur-
bidimetrically.

2.9 Statistical Analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) software version
28.0. One-way ANOVA with post-hoc Tukey's tests was
used to compare the various groups in the study. While
paired T-test was used to compare immediate and 3month
post-recovery state of participants with COVID-19 and
T2DM. Pearson’s correlation test was used to analyze for
relationships between variables. Level of statistical signif-
icance was set at p < 0.05.

3.0 RESULTS

Table 1 highlights significant differences in glycemic
control markers among different participant groups. Fast-
ing Plasma Glucose (FPG), 2-hour Postprandial Plasma
Glucose (2HPP), and Hemoglobin Alc (HbAlc) levels
were lowest in healthy controls. Participants with COVID
-19 but without Type 2 DM showed better glycemic con-
trol than those with Type 2 DM, indicating that COVID-

Table 1. Comparison of Markers of Glycemic Control Among Participants and Controls

MARKERS  GROUP 1; Mean+SD  GROUP 2; Mean+SD  GROUP 4; Mean+SD GROUP 5; Mean=SD

F-value p-value
FPG (mg/dl) 128.8+26.5 118.9£12.9™ 119.6£9.8™ 84.9+£11.2" 109.0 <0.001*
2HPP (mg/dl)  172.8+33.3 167.1+21.6° 149.0+11.1%" 93.4+12.4" 226.7 <0.001*
HbAlc (%) 7.8+0.9 9.1£1.4" 7.4+0.7%" 4.9+0.5" 294.4 <0.001*

Group 1 — Type 2 DM patients without a history of Covid-19 (Positive controls); Group 2 - Type 2 DM patients that recently recovered from Covid-19; Group 4 — COVID-19 patients
without a history of Type 2 DM; Group 5 - Apparently healthy participants (Negative controls); *Significant at p < 0.05; #Significantly different from Group 1; $Significantly different
from group 5; ~Significantly different from group 2; Abbreviations: SD — standard deviation; FPG — Fasting plasma glucose; 2HPP — 2-hours post prandial; HbAlc — Hemoglobin Alc
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19 impacts glycemic markers differently depending on
the presence of Type 2 DM. All significant differences
are detailed in the table.

Table 2 presents significant differences in inflammatory
markers among groups. Participants who recently recov-
ered from COVID-19 with Type 2 DM have the highest

p <0.001), and D-Dimer (r = 0.545, p < 0.001).

Table 4. Relationship Between Marker of Glycemic Control (Hbalc)
and Inflammatory Markers in the Participants and Controls (Pearsons’
Correlation)

levels of HsCRP (4.19£0.67 mg/L), C-Peptide MARKERS r-value p-value
(4.84+£0.89 ng/ml), IL-6 (46.01£7.21 pg/ml), and D-
. HsCRP (mg/l) 0.666 <0.001%*
Dimer (1.1940.43 mg/L). Healthy controls show the low-
est levels of these markers. Group 4, with COVID-19 but e (na/ .
without Type 2 DM, exhibits intermediate levels of all C-Peptide (ng/ml) 0:556 <0.001
markers. Also, in the comparison of the inflammatory IL-6 (pg/ml) 0.629 <0.001*
markers between Type 2 DM patients at the onset of
-Di *
COVID-19 recovery (Group 2) and three months post- D-Dimer (mg/l 0.345 =0.001
recovery (Group 3), significant reductions were observed ~ *Significant at p <0.05
in HsCRP, C-Peptide, 1L-6, and D-Dimer levels three
months post-recovery.
Table 2. Comparison of Inflammatory Markers Among Participants and Controls
GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5
MARKERS Mean=SD Mean+SD Mean+SD Mean=SD Mean+SD  F-value p-value
HsCRP (mg/L) 2.16+0.51 4.19+0.677 3.1£047™A 3.96+0.57%" 0.65+0.217  644.1 <0.001*
C-Peptide (ng/ml)  2.01+0.43 4.84+0.89% 3.040.4%5A 4.4140.58% 1.2240.49%  869.9 <0.001*
IL-6 (pg/ml) 31.08+5.70 46.01x7.21% 26.7+3.5%~ 42.06+1.51%5 9.87+3.11%  141.4 <0.001*
D-Dimer (mg/L) 1.071+0.29 1.19+0.43% 0.70£0.25"~  0.85+0.21"~ 0.31+0.14" 494 <0.001*

Group 1 — Type 2 DM patients without a history of Covid-19 (Positive controls); Group 2 - Type 2 DM patients that recently recovered from Covid-19; Group 3 — Type 2 DM pa-
tients with 3 months post-recovery from Covid-19; Group 4 — COVID-19 patients without a history of Type 2 DM; Group 5 - Apparently healthy participants (Negative controls);
*Significant at p < 0.05; #Significantly different from Group 1; $Significantly different from group 5; ~Significantly different from group 2; Abbreviations: SD — standard deviation;

HsCRP — High sensitivity C-reactive protein, IL-6 — Interleukin-6

Table 3 uses Pearson's correlation to show the relation-
ship between Fasting Plasma Glucose (FPG) and inflam-
matory markers in the study population. Significant posi-
tive correlations were found between FPG and HsCRP (r
=0.414, p < 0.001), C-Peptide (r=0.324, p <0.001), IL-
6 (r = 0.504, p < 0.001), and D-Dimer (r = 0.469, p <
0.001).

Table 3. Relationship Between Fasting Plasma Glucose and Inflamma-
tory Markers in the Participants and Controls (Pearsons’ Correlation)

MARKERS r-value p-value
HsCRP (mg/1) 0.414 <0.001*
C-Peptide (ng/ml) 0.324 <0.001*
IL-6 (pg/ml) 0.504 <0.001*
D-Dimer (mg/l) 0.469 <0.001*

*Significant at p < 0.05

Table 4 shows the relationship between HbAlc and in-
flammatory markers in the study population using Pear-
son’s correlation. Significant positive correlations were
found between HbAlc and HsCRP (r = 0.666, p <
0.001), C-Peptide (r = 0.556, p < 0.001), IL-6 (r = 0.629,

4.0 DISCUSSION

Understanding the intricate mechanisms linking COVID-
19 severity, systemic inflammation, and Type 2 Diabetes
Mellitus (T2DM) provides crucial insights into the patho-
physiology and clinical management of patients affected
by both conditions. Individuals recovering from COVID-
19 with T2DM exhibited markedly elevated levels of
inflammatory markers such as High sensitivity C-
reactive protein (HsCRP), C-Peptide, Interleukin-6 (IL-
6), and D-Dimer compared to apparently healthy con-
trols. This heightened inflammatory response under-
scores a complex interplay where viral infection triggers
a robust immune response and exacerbates pre-existing
metabolic dysregulation characteristic of T2DM.

The pro-inflammatory cytokine IL-6 plays a pivotal role
in this context by promoting a systemic inflammatory
state known as cytokine storm. This phenomenon is char-
acterized by an excessive release of cytokines and chem-
okines, which can lead to endothelial dysfunction, in-
creased vascular permeability, and, ultimately, severe
outcomes such a acute respiratory distress syndrome
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(ARDS) and multi-organ dysfunction [10, 11]. In indi-
viduals with T2DM, the inflammatory response to
COVID-19 is further potentiated due to underlying insu-
lin resistance and chronic low-grade inflammation asso-
ciated with the disease [12]. This synergistic effect not
only heightens the risk of severe COVID-19 complica-
tions but also contributes to a prolonged inflammatory
state post-recovery.

Roncon [13] conducted a comprehensive review high-
lighting the role of inflammation in exacerbating COVID
-19 severity among patients with underlying metabolic
disorders like T2DM. They emphasized that chronic low-
grade inflammation, such as T2DM, may predispose in-
dividuals to a heightened inflammatory response during
COVID-19 infection. Their findings underscored the im-
portance of monitoring inflammatory markers, such as C-
reactive protein (CRP) and cytokines like IL-6, in pre-
dicting disease severity and outcomes [ 14, 15].

Similarly, a study by Wu [16] investigated the impact of
pre-existing T2DM on inflammatory profiles and clinical
outcomes in COVID-19 patients. Their study revealed
that T2DM patients infected with COVID-19 often ex-
hibit elevated levels of systemic inflammation markers
compared to non-diabetic counterparts. They observed a
correlation between these inflammatory markers and ad-
verse clinical outcomes, including respiratory complica-
tions, thrombotic events, and prolonged hospital stays.
These studies collectively highlight the intricate interplay
between diabetes-related inflammation and COVID-19
severity, emphasizing the need for tailored management
strategies to mitigate adverse outcomes in this vulnerable
population.

Notably, the significant reductions observed in inflam-
matory markers three months post-recovery underscore
the dynamic nature of inflammation in response to
COVID-19 and recovery [17]. Following the acute phase
of infection, where pro-inflammatory cytokines and acute
phase reactants are markedly elevated, the body initiates
a complex series of regulatory mechanisms to restore
homeostasis [18, 19]. This gradual decline in markers
such as High sensitivity C-reactive protein (HsCRP), C-
Peptide, Interleukin-6 (IL-6), and D-Dimer reflects the
resolution of the cytokine storm and the subsiding of sys-
temic inflammation [20, 21].

The natural resolution of inflammation over time is cru-
cial in the clinical management of COVID-19 patients,
especially those with underlying conditions like Type 2

Diabetes Mellitus (T2DM) [22]. Effective management
during this recovery phase is pivotal in preventing long-
term complications associated with persistent inflamma-
tion, such as cardiovascular events and organ damage
[23, 24].

Holistic interventions combining metabolic control, life-
style adjustments and targeted therapies provide promis-
ing path forward. Emerging studies suggest that targeting
inflammation can improve recovery outcomes in T2DM
individuals. However, personalized care, ongoing re-
search and multidisciplinary approaches are essential for
effective management [25,26].

Monitoring inflammatory markers during follow-up vis-
its can provide insights into the progression of recovery
and the effectiveness of interventions to reduce inflam-
mation. By promoting lifestyle modifications, optimizing
medical therapy, and addressing comorbidities,
healthcare providers can support patients in achieving
comprehensive recovery and reducing the risk of future
complications related to COVID-19-induced inflamma-
tion.
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