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Abstract

Objective

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder. This disorder causes elevated
blood sugar levels due to either insulin resistance, decreased pancreatic beta cell function, or both.
SARS-CoV-2 is also a pathogenic respiratory virus that causes COVID-19. The aim of this study
was to study the correlation between the levels of FBS, HbAlc, WBC, lymphocyte percentage,
T3, T4, TSH, CRP, D-dimer, LDH, and ferritin parameters and ACE gene polymorphism (I/D) in
patients with type 2 diabetes (G2) and recovered COVID-19 (G3) compared to the control group
(G1).

Materials and methods

This study included 60 patients with type 2 diabetes (G2), 60 recovered patients from COVID-19
(G3), and 60 ethnically matched controls (G1). All subjects were between 30 and 45 years of age.
All subjects were referred to Diwaniyah Teaching Hospital in Diwaniyah Province, Iraq.
Biochemical parameters FBS, HbAlc, WBC, lymphocyte percentage, T3, T4, TSH, CRP, D-
dimer, LDH, and ferritin were calculated. PCR was also used to amplify and examine the

ACE(I/D) gene polymorphism.
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Results

The study found a significant relation among the parameters (FBS, HbAlc, WBC, Lymphocyte%,
T3, T4, TSH, CRP, D-dimer, LDH, and ferritin) and ACE gene polymorphisms. The results
showed that there was a significant difference (P < 0.05) between genotypes II and ID compared
to genotype DD in patients at high risk of developing type 2 diabetes in COVID-19 recoveries.
Genotypes Il and ID had a higher incidence of type 2 diabetes in Iraqi individuals who recovered
from COVID-19.

Conclusion

The findings of this study showed that the ACE gene polymorphism (I/D) was significantly
associated with changes in biochemical parameters in patients with type 2 diabetes and recovered
patients from COVID-19. The risk of developing or worsening type 2 diabetes, especially in
recovered patients from COVID-19, was higher for genotypes II and ID than for genotype DD.
These results indicate that the genetic composition of the renin-angiotensin system may play a
role in metabolic susceptibility after SARS-CoV-2 infection. Therefore, it may be used as a
potential indicator in screening, prevention, and better management of patients at risk. However,
larger studies in larger populations are needed to confirm these findings.
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Introduction

One of the chronic metabolic disorders is type 2 diabetes mellitus (T2DM). One of its
symptoms is blood sugar. One of its causes is insulin resistance. In this case, the target cells
respond less to insulin. Another cause is the gradual decline in the function of pancreatic beta
cells. This leads to insufficient insulin production. Sometimes a combination of the two above is

the cause (Ahmad et al., 2022). Macrovascular complications such as atherosclerosis are one of
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the consequences of this disorder and can lead to stroke and myocardial infarction. The next
consequence is microvascular complications such as retinopathy, nephropathy, and neuropathy.
There are several laboratory methods to diagnose it (Sandoval & Patti, 2023). For example, in the
oral glucose tolerance test (OGTT), blood sugar is measured two hours after consumption and
must be 200 mg/dL (11.1 mmol/L) or more. Or glycosylated hemoglobin (HbAlc) should be
equal to or greater than 6.5%. Another method is to measure fasting blood sugar on two separate
occasions, which should be equal to or greater than 126 mg/dL (7.0 mmol/L). In addition, if there
are classic symptoms of high blood sugar, it is better to measure blood sugar randomLy to confirm
the diagnosis. In this case, it should be 200 mg/dL (11.1 mmol/L) or more (Bellary et al., 2021).
There are also many ways to treat it. The use of metformin is the first option. Because it both
reduces hepatic glucose production and increases insulin sensitivity. In more advanced cases,
sulfonylureas (to increase insulin secretion), thiazolidinediones (to increase insulin sensitivity),
GLP-1 receptor agonists (to enhance glucose-dependent secretion and slow gastric emptying),
SGLT?2 inhibitors (to increase renal glucose excretion) are used. The last option is insulin therapy
to supplement or replace endogenous insulin production (Galicia-Garcia et al., 2020). On the other
hand, COVID-19 is a highly contagious respiratory infection. Its causative agent is the SARS-
CoV-2 virus. This virus mainly targets the angiotensin-converting enzyme 2 (ACE2) receptors,
allowing the virus to enter cells, especially respiratory epithelial cells, and replicate.
Complications include coagulation disorders, myocarditis, acute respiratory distress syndrome
(ARDS), and neurological problems such as encephalitis and Guillain-Barré syndrome (Shi et al.,
2020). One way to identify it is through genetic identification, which is performed by performing
an RT-PCR test on nasopharyngeal or pharyngeal swab. Serological tests such as ELISA are also
used to detect IgM and IgG antibodies to confirm previous infection or immune response (Yuki
et al., 2020). Evaluation of supportive options such as oxygen therapy and mechanical ventilation
is also recommended in severe cases. Antiviral drugs such as remdesivir are also used. These
drugs inhibit the viral RNA-dependent RNA polymerase. Immunomodulatory drugs such as
dexamethasone reduce the hyperactive inflammatory response. Meanwhile, monoclonal
antibodies targeting the viral spike protein are used to prevent disease progression (Yang et al.,
2020). A crucial component of the RAS is a peptide that is encoded by the ACE gene. It is the
system in charge of inflammation, fluid balance, and blood pressure. Compared to the ACE 1
allele, the ACE D allele is linked to increased ACE activity (Khurana & Goswami, 2022).
Findings from genetic association studies indicate that the DD genotype-related higher ACE
activity may increase the risk of T2DM possibly by influencing insulin sensitivity and pancreatic
beta-cell function. Furthermore, since local RAS affects renal function, the DD genotype is linked
to the development of diabetic nephropathy and retinopathy, retinal fibrosis and inflammation
(Hussain et al., 2020). ACE I/D polymorphisms are relevant to COVID-19, as the virus needs to
enter the cell using ACE receptor. Angiotensin-converting enzyme (ACE) inhibitors, which block

the function of ACE, are commonly given to patients with hypertension and heart disease, both
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of which are risk factors for severe COVID-19 (Sriram et al., 2020). The I/D polymorphism of
the ACE gene might disrupt the balance of the RAS system, possibly changing ACE activity or
expression levels; this could in turn affect the rate of viral entry and symptomatology. ACE may
be affected by the varying expression / shedding in subjects with DD genotype (with increased
ACE activity) (Pigeyre et al., 2020). That has the potential to impact the amount of virus in the
body and how an individual responds to virus caused by SARS-CoV-2. Some studies imply that
the DD genotype may be related to a more severe course of COVID-19 either as a consequence
of an intensifying inflammatory response or changed vascular permeability mediated by the RAS
(Shirbhate et al., 2021). Moreover, genetic variety is crucial for promoting the development of
more sophisticated genes, safeguarding existing populations, advancing evolutionary processes,
and enabling adaptation to changing conditions in the natural environment (Mohammadabadi et
al., 2021a). Conversely, the identification of gene polymorphisms is crucial in the process of
detecting and treatment of diseases (Mohammadabadi, 2016; Saadatabadi et al., 2023). Moreover,
the study of populations and breeds, using molecular techniques is very important and useful for
their characterizing (Mohammadifar and Mohammadabadi, 2017; Noori et al.,, 2017).
Conservation of genetic diversity requires the proper performance of conservation superiorities
and sustainable handling plans that should be based on universal information on population
structures, including genetic diversity resources among and between populations and breeds
(Mohammadifar & Mohammadabadi, 2018; Mohammadabadi et al., 2024a). Genetic diversity is
an essential element for genetic improvement, preserving populations, evolution and adapting to
variable environmental situations (Sulimova et al., 2007; Mohammadabadi et al., 2024b). On the
other hands, determination of gene polymorphism is important in characterizing of various
populations (Mohammadabadi et al., 2010; Mohammadabadi et al., 2024¢) in order to define
genotypes of individuals and their associations with immune system, resistance or susceptibility
to diseases (Mohammadabadi et al., 2021b). The accurate description of ACE (I/D) allele
frequencies throughout the Iraqi population and their potential correlation with susceptibility to
T2DM and the severity or recovery outcomes of COVID-19 still lacks important information. The
association between the incidence of type 2 diabetes and the ACE gene polymorphism (I/D) has
been reported by various studies. However, the results of these reports have been contradictory.
For example, some studies have even shown that the D allele can be a potential risk factor. The
effect of ACE gene polymorphisms on the course of the disease has also been investigated in
studies related to COVID-19. However, these findings cannot be generalized to the whole world.
Because there is a lot of genetic and ethnic diversity in the world. Therefore, the aim of this study
was to investigate the ACE gene polymorphisms (I/D) in patients with type 2 diabetes and
COVID-19 in the Iraqi population.

Materials and methods
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In the present study, 180 individuals were tested. Their ages ranged from 30 to 45 years. The
number of men and women in each group was equal, and there were 60 individuals in each group.
The first group or G1 were all healthy (control group), the second group or G2 were type 2
diabetics, and the third group or G3 were COVID-19 patients who had recovered. All individuals
did not have any other diseases and did not smoke. This was done to increase accuracy, specificity,
and eliminate the effect of comorbidities on biomarkers and ACE gene polymorphisms. This can
make the research results more reliable and accurate. 5 mL of venous blood was collected from
each individual. All steps from sampling to performing all related clinical tests were carried out
at Al-Diwaniyah Teaching Hospital in Al-Diwaniyah Governorate, Iraq, between 18/5/2024 and
27/6/2025. 2 mL of blood were placed in Na-EDTA tubes to be used for DNA extraction, and the
remaining 3 mL were placed in a gel tube for the purpose of good separation of the blood by
centrifuge. The serum was then spun in a centrifuge at room temperature for about ten minutes to
separate it (4000 x g). The complete blood and serum were kept at -20 °C until they were needed
for other tests. The laboratory study was conducted in two parts. The first part included the
estimation of biomarkers (FBS, HbAlc, WBC, Lymphocyte%, T3, T4, TSH, CRP, D-dimer,
LDH, and ferritin). Ferritin concentration was estimated using Fluorecare Instrument
(Microprofit, china). WBC and Lymphocyte% were estimated using Hemolyzer® 3 NG
instrument (STERILAB, UK). FBS was estimated using Spectrophotometer instrument (ERBA,
Germany). Quo-Test® instrument (EKF Diagnosis, USA) was used to estimate HbAlc. CRP was
estimated using the turbidity method by means of the Cobas e 411 device (HITACHI, Germany).
T3, T4, TSH, and D-dimer were measured using the Elisa assay by means of Vidas method and
the BIOBASE device (BIOBASE, China). LDH was estimated using the Architect plus C400
device (Abbott, America). Part two of the study involved a PCR test to measure the amplification
of the ACE (I/D) gene for DNA samples. Genomic DNA was extracted from whole blood using
a AddPrep DNA Extraction Kit (Bioneer/Korea). Then, DNA concentration was measured using
a Nanodrop instrument (absorbance at 260-280 nm) and DNA purity was estimated using a
Quantus Fluorometer. Evaluation of the DNA samples was performed using Quantus techniques.
Concentration ranged from 10 to 65 ng/pL and purity ranged from 1.7-1.9. Process approach
was used to analyze DNA Integrity Number (DIN) before and after processing. An Agilent 2100
Bioanalyzer was used to separate DNA fragments via capillary electrophoresis. The signal
intensity axis of an electropherogram shows DNA fragment peaks. The prominence and ratio of
important DNA peaks are used by a unique DIN algorithm to identify and evaluate this
electropherogram. Then reducing degradation by augmenting the ratio of these peaks to the DNA
area. Microscale degradation products are recorded as “abnormalities” in the electropherogram.
The algorithm then assigns a DIN score to the computer by evaluating the rapid and post-trace
features on a scale from 1 (very degraded) to 10 (healthy and intact). Based on the DNA Integrity
Number (DIN) of 8.2 to 8.5, the samples were high-quality and suitable for genetic investigation.
PCR Amplification for extracted DNA was performed using specific forward 5'-
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CTGGAGACCACTCCCATCCTTTCT-'3 and reverse 5'-GATGTGGCC
ATCACATTCGTCAGA -'3 primers for ACE (I/D) gene (Joung et al., 2006). PCR products were
electrophoresed on 1% agarose gel. 3ul of loading dye (New Biolabs, England) was combined
with 7uL. of DNA for genomic DNA analysis electrophoresis. After the samples were properly
placed into each gel well, the electrical power was switched on at 50 V for one to two hours. After
migrating from the cathode (-) to the anode (+) pole, the DNA band is stained using the gel's green
safe dye. In order to record the observed bands, the gel's safe stained bands were photographed
using a gel documentation system and viewed using a UV transilluminator set to 365 nm. The
heterogeneous fragments included homozygous II genotypes (490 bp), homozygous DD
genotypes (190 bp), and heterozygous I/D genotypes (490 & 190 bp).

Ethics approval: This research has been approved by the Ethical Approval Committee of
College of Education (Reference No., 318, 7/4/2024) at the University of Al-Qadisiyah, Iraq.

Statistical analysis: Descriptive statistics and One-Way ANOVA (P-value < 0.05) were
employed using SPSS version 27 (SPSS Inc., Chicago, IL, USA) to validate the statistical analysis
of genotype distributions and allele frequencies of the ACE (I/D). Gene polymorphisms across
the study groups (G1, G2, and G3), were estimated by calculating the odds ratio (OR), with 95%
confidence interval (CI), and %2 values. The present study's results are shown as percentages or
as mean * standard deviation (SD). A P-value of less than 0.05 indicates that the 95% CI is
statistically significant (Pakkir Shah et al., 2025). GraphPad Prism version 9 (San Diego, CA,
USA) was used for statistical analyses to compare groups for biochemical and immunochemical
tests. A significant difference was defined as a p value of less than 0.05 using One-Way ANOVA
(Analysis of Variance). The data was presented as mean =+ standard deviation (SD), with a
significance criterion of P <0.05. With the Student's t-test, the mean + standard deviation may be

examined. A p-value of less than 0.05 is considered statistically significant (Le Berre et al., 2022).

Results

Clinical characteristics and biomedical indicators in the studied groups G1, G2, and
G3: The results of parametric tests for the control group (G1), patients with type 2 diabetes (G2),
and patients recovered from COVID-19 (G3) are given in Table 1. Data differences were
considered statistically significant when P values were less than 0.05. In this study, age matching
was used to minimize the differences caused by large age differences.

Examination of the association between ACE (I/D) gene polymorphisms and the risk of
T2DM (G2) and Covid-19 (G3) in comparison to the control group (G1): Table 2 shows the
ACE gene polymorphisms (I/D) in the control group (G1), patients with type 2 diabetes (G2), and
patients recovered from COVID-19 (G3). A comparison of the ACE gene gel electrophoresis
results for groups G1 and G2 is presented in Figure 1, while this comparison is reported for groups
G2 and G3 in Figure 2. The gene and genotypic frequencies of the ACE gene for the three studied

groups are reported in Figures 3 and 4, respectively.
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Table 1. Biomedical indicators in the studied groups G1, G2, and G3

Groups
Parameters T-test P-value
G1-control G2-T2DM G3- Covid-19
Mean £+ SD Mean £+ SD patients
recovered
Mean £+ SD
FBS (mg/dl) 95.86 £10.64 316.42+22.19 177.9 £42.68 37.53 0.001
HbA1c¢ (mmol/mol) 5.46 +£0.69 11.17 £2.56 738+1.8 10.31 0.02
WBC (uL) 6.30 +£1.48 8.59+1.46 8.16 £2.71 8.046 0.018
Lymphocyte% 7.75+1.97 4.58+043 17.44 £ 3.64 13.81 0.031
T3 (nmol/L) 1.29+0.4 0.93+0.18 0.83+0.16 0.620 0.043
T4 (nmol/L) 7.91+0.97 11.95+2.45 8.63£13.6 9.653 0.026
TSH (uIU/L) 2.98+0.94 428 +£1.29 0.98+0.17 2.844 0.01
CRP (mg/L) 2.39+0.74 38.95+9.48 81.39+8.14 24.56 0.003
D-dimer (ng/mL) 277.84+38.2 617.14+39.85 397.1 +£42.36 38.94  0.0001
LDH (U/L) 192.8 £33.5 326.8+51.68 594.6 £ 62.8 31.72 0.001
Ferritin (ng/mL) 87.58+11.49 267.9+47.1 419.29 +63.4 35.78  0.0001

Fasting blood sugar = FBS, glycosylated hemoglobin = HbAlc, white blood cells = WBC,

triiodothyronine = T3, thyroxine = T4, thyroid stimulating hormone = TSH, C-reactive

protein = CRP, and lactate dehydrogenase = LDH. Data are presented as mean + standard

deviation (SD). Based on the t-test, P values less than 0.05 were considered significant.

Table 2. The ACE (I/D) polymorphism genotypes and allele distribution in G1 (Control),

G2 (T2DM), and G3 (Covid-19 patients recovered) were examined

G3
: (Covid-19
Polymorphis G1 G2 . o
ms (Control) (T2DM) rg:(flv";t: X2 ORO5%CD b value
ACE (D) N=60 (%) N=60 (%) "**]
N=60 (%)
11 genotype 10 8(133%) 4(6.7%) 10.635 1.0 (107 0.024%
ID genotype  (16.7%) 34 32 0.319 (0.098-0.965)
DD genotype 15 (25%) (56.7%)  (53.3%) 0.576 (0.187-1.789)
35 18(30%) 24 (40%)
(58.3%)
I allele 35 42 (70%) 40 5.264 1.0 (1.0 0.182
Dallele  (58.3%) 18(30%) (66.7%) 0.894 (0.584-1.367)
25 20
(41.7%) (33.3%)
II genotype 10 8 4 3.568 1.0%f (1.0f) 0.379
ID&DD 50 52 56 0.436 (0.148-1.2831)
genotypes
DD genotype 35 18 24 6.385 1.0 (1.0°) 0.041%
ID&II 25 42 36 1.563 (0.895-2.7371)
genotypes
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" DD D 3000

Figure 1. Comparison of amplified fragments for the ACE gene on gel electrophoresis for

groups G1 and G2

OVID-19 PATIENTS RECOVERED

] DD 1] DD DD 1D

DIABETES MELLITUS

DD DD 11 DD

Figure 2. Comparison of amplified fragments for the ACE gene on gel electrophoresis for

groups G2 and G3
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G1 (Control) Patients G2 (T2DM) Patients recovered G3 (Coved-
19)
Genotypes

H % I allele =% D allele

Figure 3. Percentage of I and D alleles of the ACE gene in control, patients with type 2
diabetes, and patients who recovered from COVID-19 groups
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%Il =%ID =% DD

Figure 4. Percentage of 11, ID, and DD genotypes of the ACE gene in control, patients with
type 2 diabetes, and patients who recovered from COVID-19 groups

Discussion

The one-way ANOVA approach was used for statistical analysis to compare the levels of
biomedical parameters (FBS, HbAlc, WBC, Lymphocyte%, T3, T4, TSH, CRP, D-dimer, LDH,
and ferritin) between the studied groups (G1, G2 and G3). Table 1 displays the findings of the
statistical study. The result of the statistical analysis showed an effective relationship between the
levels of biomedical parameters in the studied groups. This relationship was significant (p< 0.05).
The results of this study showed that metabolic and inflammatory disorders persist in patients
with type 2 diabetes (T2DM) and recovered patients from COVID-19 after the acute phase of the
disease. Fasting blood sugar (FBS) is expected to be significantly increased in T2DM patients.
This is indicative of poor glucose control. However, increased FBS was observed in many
recovered patients from COVID-19, even in the absence of a history of diabetes. This could
indicate that SARS-CoV-2 infection can independently cause dysglycemia. This disorder could
possibly be due to direct damage to pancreatic beta cells, or systemic inflammation, or induction
of insulin resistance, or a combination of these factors. The results of this study are consistent
with the results of a study by Yones et al. (2024) who compared FBS levels in T2DM patients
and COVID-19 patients with healthy controls. High HbA1c levels in T2DM patients indicate that
chronic hyperglycemia is present and that the average blood sugar has increased over the past 2—
3 months. In addition, evidence from this study suggests that COVID-19 can impair glycemic
control in recovered individuals and cause an increase in HbAlc. This phenomenon is observed
in both patients with underlying diabetes and some individuals without a history of diabetes.
These findings are consistent with the results of Prattichizzo et al. (2022). This could be due to
the detrimental effects of the virus on pancreatic function, persistent inflammation, metabolic
stress due to severe illness, and corticosteroid use. The interactions between these pathways could
lead to disruption of glucose homeostasis and persistence of dysglycemia after recovery from
COVID-19 (Matviichuk et al., 2024). Increased white blood cell (WBC) counts in T2DM patients
and COVID-19 recoveries may indicate persistent inflammation. Mild chronic inflammation is a
hallmark of type 2 diabetes. This inflammation can exacerbate insulin resistance, microvascular

abnormalities, and increased neutrophil counts. Anurag et al. (2020) reported that WBCs are
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increased in T2DM patients and COVID-19 patients compared to healthy controls, which
supports the results of the present study. In COVID-19 survivors, sustained immune activation
and increased lymphocytes and neutrophils occur. This may indicate immune reconstitution and
long-term inflammatory consequences, and has been reported as a feature of both diseases in
previous reports (Wu & Gao, 2020). The percentage of lymphocytes was reduced in T2DM
patients. This may indicate immune dysfunction due to adverse metabolic status and chronic
inflammation. In contrast, lymphocyte counts increased in COVID-19 recovered individuals. This
could also be due to intense immune activation and the formation of immune memory cells. These
differences suggest a complex interplay between metabolic health, viral immune response, and
immune cell migration in different organs. The present findings are consistent with the results of
Cheng et al. (2021) comparing the percentage of lymphocytes between T2DM patients with
COVID-19 and healthy individuals. Triiodothyronine (T3) levels were decreased in T2DM
patients and COVID-19 recovered individuals. This could also be due to low T3 syndrome or sick
euthyroid syndrome. This condition is related to a common physiological response to chronic
diseases and systemic stress. This syndrome is characterized by a decreased peripheral conversion
of thyroxine (T4) to T3, a possible increase in reverse T3, and an inhibition of deiodinase enzyme
activity. These results are consistent with those of Zhao et al. (2023), who reported a decrease in
T3 levels in patients with type 2 diabetes and COVID-19 compared to healthy controls. The
decrease in T3 in COVID-19 survivors is likely due to the post-acute phase of the patient’s
euthyroid syndrome. This is an adaptive phase during which the body facilitates the recovery
process from the inflammatory and catabolic stress caused by the viral infection by reducing
energy expenditure and metabolic rate. Severe COVID-19 can directly disrupt the activity of
deiodinase enzymes and thyroid hormone transport by inducing systemic inflammation and
cytokine storm. This results in a decrease in T3 and an increase in r'T3. This adaptive response
may be a protective mechanism to reduce energy expenditure during the recovery period (Pal and
Banerjee, 2020). The results of this study suggest that COVID-19 and type 2 diabetes can have
long-term effects on glucose homeostasis, immune function, and the thyroid axis. They can do
this through common inflammatory, metabolic, and hormonal pathways. Therefore, it is necessary
to closely monitor metabolic, inflammatory, and hormonal markers in T2DM patients and
COVID-19 survivors, even after clinical recovery. A common phenomenon in patients with type
2 diabetes mellitus (T2DM) and those recovering from COVID-19 is that their thyroxine (T4)
levels increase. This increase is more indicative of changes in thyroid hormone metabolism and
may not necessarily indicate true hyperthyroidism. In T2DM patients, chronic inflammation and
insulin resistance can disrupt thyroid hormone-binding proteins. This disruption also leads to an
increase in total T4 without a corresponding increase in free and physiologically active T4. In
addition, researchers have shown that type 2 diabetes can affect the peripheral conversion of T4
to triiodothyronine (T3) or the binding of thyroid hormones to carrier proteins such as TBG. Du
et al. (2023) compared T4 levels in patients with COVID-19 and T2DM with those of healthy
subjects, and their results confirmed the findings of this study. Ilera et al., (2022) reported that in
COVID-19 survivors, the initial systemic inflammatory response may have lasting consequences

on the hypothalamic-pituitary-thyroid axis. Transient thyrotoxicosis or hyperthyroidism are
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subclinical thyroid disorders after COVID-19 and can be caused by thyroiditis or stress-induced
release of thyroid hormones. Inflammation, metabolic dysregulation, and immune responses can
temporarily or permanently alter thyroid hormone levels. Therefore, careful clinical assessment
and monitoring of thyroid function is essential. Lisco et al. (2021) reported that these elevations
can indicate a sick euthyroid syndrome or a non-thyroid disease. In this state, the body adapts to
stressful conditions. Several metabolic factors and physiological stresses affect thyroid-
stimulating hormone (TSH) levels. In T2DM patients, insulin resistance and chronic
inflammation can disrupt thyroid hormone metabolism and TSH secretion. Therefore, it can lead
to an increase in TSH, even within the normal range. In contrast, in patients with COVID-19,
factors such as systemic inflammation, direct effects of the virus on the thyroid gland, or acute
medication use may cause a temporary decrease in TSH and create a transient euthyroid state in
the patient. Rossini et al. (2023) compared TSH levels in COVID-19 and T2DM patients with
healthy subjects, and their results are consistent with the results of this study. On the other hand,
increased lactate dehydrogenase (LDH) levels in T2DM patients and COVID-19 survivors can
indicate cellular damage and metabolic disorders. In type 2 diabetes, tissue damage caused by
chronic hyperglycemia and oxidative stress increases the release of LDH from damaged cells.
This may reflect impaired glucose metabolism and microvascular problems. The results of this
study are in line with the findings of Li et al. (2020). They compared LDH levels in COVID-19
and T2DM patients with healthy controls. In addition, several other factors, including chronic
inflammation, organ damage (e.g., lung and heart), and endothelial dysfunction after recovery
from COVID-19, can lead to continued cell lysis and increased LDH levels. This could indicate
active tissue repair processes or persistent disease (Yan et al., 2021). CRP levels are higher in
T2DM and COVID-19 patients due to persistent low-grade inflammation and acute inflammation
after SARS-CoV-2 infection. Chronic low-grade systemic inflammation associated with T2DM
may raise baseline CRP. Additionally, COVID-19 begins a powerful inflammatory cascade that
may cause a "cytokine storm" of pro-inflammatory cytokines that boost hepatic CRP synthesis,
resulting in CRP concentrations more than three times higher than typical. Debi et al. (2022)
examined CRP levels in T2DM and COVID-19 patients with healthy controls. The results of the
current study are in line with their results. Increased D-dimer values in T2DM and COVID-19
individuals indicate hypercoagulability and fibrinolysis activation. In T2DM, persistent low-
grade inflammation and functional impairment to the vascular endothelium cause high D-dimer
levels, indicating microvascular and macrovascular problems. Post-COVID-19 endothelium
damage and inflammation may extend D-dimer rise beyond viral clearance, increasing the risk of
thrombi and consequences. Current findings support Pangaribuan and Pase (2021) study that
compared D-dimer levels in T2DM and COVID-19 patients to healthy controls. Ferritin levels
are often elevated in patients with type 2 diabetes mellitus (T2DM) and in individuals with or
recovering from COVID-19. This may be due to chronic inflammation and dysregulation of iron
metabolism. In T2DM patients, elevated ferritin may indicate oxidative damage and insulin
resistance. This may contribute to disease progression. One factor that may exacerbate post-acute
outcomes is that after COVID-19, higher ferritin levels are associated with cytokine storm and

chronic systemic inflammation. Therefore, careful monitoring of ferritin status in both patient
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groups appears essential. Liani et al. (2022) studied ferritin levels in T2DM and COVID-19
patients with healthy controls. The current research supports their results. Table 2 shows the
genetic and allele frequencies of the ACE(I/D) in controls (G1), T2DM patients (G2), and restored
Covid-19 patients (G3). Data revealed a correlated association of ACE (I/D) alleles with T2DM
among Covid-19 recovered patients which significantly coincide with the results of Sienko et al.,
(2020). The results of statistical analysis showed that compared to the DD genotype, the I/D
polymorphism was statistically significantly different from the ID and II genotypes (P = 0.041 <
0.05). These findings are consistent with the results reported by Bandyopadhyay et al. (2020).
The ACE (I/D) polymorphism is involved in the pathophysiology of both type 2 diabetes mellitus
(T2DM) and COVID-19 and is of particular importance in the interaction between these two
diseases. ACE2 is known as the cellular receptor for SARS-CoV-2 and is a key component of the
renin-angiotensin system (RAS). Over activity of the renin—angiotensin system (RAS) is
frequently observed in patients with T2DM, including hyperactivity of ACE and decreased ACE
II expression or activity. Such imbalance in diabetic patients can predispose them to quality
infection by SARS-CoV-2 and towards a more severe disease. When the virus binds to the ACEII
enzyme, it is taken into the cells, and its surface expression is down-regulated (Dhumad et al.,
2020). The reduced functional ACE II contributes to an RAS imbalance favoring angiotensin II -
a potent vasoconstrictor and pro-inflammatory peptide whilst reducing the opposing effects of
angiotensin-(1-7). As a result, this can aggravate inflammation, endothelial dysfunction, and
possibly higher mortality from ARDS and other complications of severe COVID-19 in people
with T2DM. The precise pathways by which T2DM impacts ACE (I/D) expression and function,
and how COVID-19 modifies this, are complex and will be explored, but include mechanisms
including hyperglycemia-associated oxidative stress and inflammation (Elfowiris et al., 2022).
Consequently, the relationship shared by T2DM, COVID-19 and the ACE I/D polymorphism is
truly intricate. The angiotensin-converting enzyme (ACE) gene is located on chromosome 17.
This locus has a common polymorphism caused by an insertion [I (289 bp)] or deletion [D (287
bp)] of an Alu repeat sequence in intron 16. This polymorphism has a significant effect on ACE
levels. Studies have shown that individuals who are homozygous for DD have the highest ACE
activity, homozygous for II have the lowest activity, and heterozygotes for ID have intermediate
activity of the enzyme (Pati et al., 2020). In the case of T2DM, an increase of ACE activity, which
is associated with DD genotype, has been attributed to the pathogenesis and progression of other
diabetic complications such as nephropathy and cardiovascular disease (CVD). A central
component of the renin-angiotensin-aldosterone system (RAAS) is the enzyme ACE. This
enzyme converts angiotensin I to angiotensin II. Angiotensin II is a potent vasoconstrictor
molecule with profibrotic effects. Therefore, this enzyme plays an important role in regulating
blood pressure (Sandooja et al., 2020). Increased ACE activity in patients with type 2 diabetes
can exacerbate insulin resistance and impair endothelial function. Therefore, this condition can
increase the complexity of the disease state. The causative agent of COVID-19, the SARS-CoV-
2 virus, uses the ACE2 receptor to enter cells. ACE and ACE2 are separate and non-homologous
enzymes. However, they are functionally related. Their interaction and balance play a key role in

regulating vascular, inflammatory, and metabolic responses. Angiotensin Converting Enzyme
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inhibitors (ACE inhibitors), often given for hypertension or for diabetic nephropathy, may affect
expression of ACE II (Deepashree et al., 2021). ACE I/D polymorphism may play a modifying
role in the severity and progression of COVID-19, especially among patients with T2DM. In fact,
some studies have proposed that the DD genotype, endowed with higher ACE activity, may
exhibit changes in ACE2 expression or function that could affect SARS-CoV-2 viral entry or the
inflammatory response to SARS-CoV-2 infection. Nevertheless, the exact mechanisms and full
effect of ACE I/D polymorphism on COVID-19 risk and severity in T2DM individuals remain to
be determined since with divergent results have been reported by using different populations and
study designs (Taha et al., 2023). ACE I/D, T2DM, and COVID-19, act quasi-synergistically, at
the clinical level, challenging and calling for personalized approaches to management.
Conclusion: The results of this study indicate that type 2 diabetes (T2DM) and COVID-19
are associated. They mediated this association through common metabolic, inflammatory, and
hormonal pathways. The abnormalities in glycemic control, increased inflammatory markers, and
changes in thyroid function observed in T2DM patients and COVID-19 survivors may indicate
that these two diseases have persistent effects on metabolic homeostasis and immunity. Thyroid
hormone changes are mainly associated with the patient's euthyroid syndrome and may not
necessarily indicate primary thyroid disease. From a genetic perspective, the ACE (I/D)
polymorphism plays an important role in the interaction between T2DM and COVID-19. The
significant difference between the ID and II genotypes compared to DD, together with the pivotal
role of the ACE/ACE2 pathway in the renin-angiotensin system, indicates that this pathway
should be considered and emphasized in the pathophysiology of the two diseases. Therefore, it is
necessary to carefully monitor metabolic and inflammatory markers in diabetic patients and

COVID-19 survivors to prevent late complications.
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