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Abstract: In this study, we evaluated the discharge status of patients with type 2 diabetes mellitus and
SARS-CoV-2 infection, focusing on the inflammatory profile through biomarkers such as procalcitonin,
CRP, LDH, fibrinogen, ESR, and ferritin, as well as electrolyte levels and the prior diagnosis of
diabetes or its identification at the time of hospitalization. We assessed parameters at discharge for
45 patients admitted to the Clinical Hospital “Gavril Curteanu” Oradea between 21 October 2021,
and 31 December 2021, randomly selected, having as the main inclusion criteria the positive RT-PCR
rapid antigen test for viral infection and the diagnosis of type 2 diabetes. At discharge, patients
with type 2 diabetes registered significantly lower mean procalcitonin levels among those who
survived compared to those who died from COVID-19. In our study, ferritin and hemoglobin values
in individuals with type 2 diabetes were outside the reference range at discharge and correlated with
severe or moderate forms of COVID-19 infection. Additionally, elevated ferritin levels at discharge
were statistically associated with hypokalemia and elevated levels of ESR at discharge. Another
strong statistically significant correlation was identified between high CRP levels at discharge,
strongly associated (p < 0.001) with elevated LDH and fibrinogen levels in patients with type 2
diabetes and SARS-CoV-2 viral infection. The increase in CRP was inversely statistically associated
with the tendency of serum potassium to decrease at discharge in patients with type 2 diabetes
and COVID-19. Identifying type 2 diabetes metabolic pathology at the time of hospitalization for
SARS-CoV-2 infection, compared to pre-infection diabetes diagnosis, did not significantly influence
the laboratory parameter status at the time of discharge. At the discharge of patients with type
2 diabetes and viral infection with the novel coronavirus, procalcitonin was significantly reduced
in those who survived COVID-19 infection, and disease severity was significantly correlated with
hyperferritinemia and decreased hemoglobin at discharge. Hyperferritinemia in patients with type 2
diabetes and COVID-19 at discharge was associated with hypokalemia and persistent inflammation
(quantified by ESR at discharge). The low number of erythrocytes at discharge is associated with
maintaining inflammation at discharge (quantified by the ESR value).
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1. Introduction

In December 2019, the entire world witnessed the emergence of respiratory infection
outbreaks and pneumonia in Wuhan, China, caused by a new type of coronavirus ini-
tially named 2019-nCoV, later identified as severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). This virus spread rapidly among humans, leading to the COVID-19
pandemic at the beginning of 2020, with significant medical and socio-economic implica-
tions [1]. Over time, two other types of beta-coronaviruses have been implicated in severe
respiratory infections transmitted from different animal species to humans: SARS-CoV in
2002 and MERS-CoV in 2012. However, while these viruses belong to the same large family
of Coronaviridae, SARS-CoV-2 has had the largest pandemic impact, with the most rapid
spread and numerous severe forms and complications affecting populations globally [2,3].
SARS-CoV-2 is a single-stranded RNA virus in the structure of which non-structural and
structural proteins have been identified. Among these, a significant role is played by the
spike S structural surface protein, which is crucial in the virus’s pathogenesis and entry into
cells. Through its S1 subunit, it attaches to receptors on the cell surface, and through S2, it
mediates membrane fusion [4,5]. In addition to the spike protein, other structural proteins
of the coronavirus include the M protein, important in viral assembly and the most abun-
dant one; the E envelope protein, the smallest one, with three binding domains, playing a
role in assembly and virulence; and the nucleocapsid N protein with five RNA-binding
domains [6-8]. The functional receptor of SARS-CoV-2 to which the spike protein binds
is similar to that of SARS-CoV and is represented by the angiotensin-converting enzyme
2 (ACE2), a component of the renin—angiotensin—-aldosterone system [9]. As of 3 March
2024, the World Health Organization has reported an impressive number of SARS-CoV-2
infections, specifically 774,834,251 declared cases, with 7,037,007 deaths [10].

There is a wide list of various biomarkers associated with COVID-19 whose concen-
tration depends on the infection severity, being included in 4 big classes: hematological,
biochemical, coagulation, and inflammatory biomarkers (Table 1) [11]. In most cases, SARS-
CoV-2 leads to multiple organ/system damage; therefore, the analysis of several biomarkers
is crucial for dysfunction monitoring. Laboratory biomarkers play a vital role in the diag-
nosis and prognosis of patients with multiorgan involvement of COVID-19 (respiratory,
cardiovascular, neurologic systems, inflammation, coagulation and hemostasis, metabolic
function, kidney and liver function), and the testing time is also important [12-14].

Table 1. The adherence to the reference biological intervals of the parameters at discharge.

Evaluated Parameters Ref. Interval N Obs. Proportion Tested Proportion Binomial Test, p

Group 1 NO 30 0.73 0.27 0.0001
Serum ferritin Group 2 YES 11 0.27 - -
Total - 41 1.00 - -

Group 1 YES 22 0.52 0.48 0.339
Hemoglobin Group 2 NO 20 0.48 - -
Total - 42 1.00 - -

Group 1 YES 32 0.78 0.22 0.0001
RBC Group 2 NO 9 0.22 - -
Total - 41 1.00 - -

Group 1 NO 37 0.88 0.12 0.0001
CRP Group 2 YES 5 0.12 - -
Total 42 1.00 - -




J. Pers. Med. 2024, 14, 646 30f16
Table 1. Cont.
Evaluated Parameters Ref. Interval N Obs. Proportion Tested Proportion Binomial Test, p

Group 1 NO 34 0.81 0.19 0.0001
LDH Group 2 YES 8 0.19 - -
Total 42 1.00 - -

Group 1 NO 38 0.90 0.10 0.0001
Procalcitonin Group 2 YES 4 0.10 - -
Total 42 1.00 - -

Group 1 NU 29 0.78 0.22 0.0001
Fibrinogen Group 2 DA 8 0.22 - -
Total 37 1.00 - -

Group 1 NO 29 0.76 0.24 0.0001
D-dimers Group 2 YES 9 0.24 - -
Total 38 1.00 - -

Group 1 NO 26 0.67 0.33 0.0001
ESR Group 2 YES 13 0.33 - -
Total 39 1.00 - -

Group 1 YES 26 0.63 0.50 0.0001
Na* Group 2 NO 15 0.37 - -
Total 41 1.00 - -

. Group 1 NO 41 1.00 0.50 0.0001
K Total 41 1.00 - -

Group 1 YES 32 0.78 0.22 0.0001
Cl— Group 2 NO 9 0.22 - -
Total 41 1.00 - -

Chronic inflammation and insulin resistance associated with type 2 diabetes, includ-
ing the NF-Kappa-B pathway, which plays an essential role in the body’s response to
inflammation, are further exacerbated by the SARS-CoV-2 infection. The increase in proin-
flammatory cytokines and the onset of cytokine storms can lead to multiple organ failures
in the context of COVID-19 [15,16]. Procalcitonin is a precursor protein of calcitonin and
serves as a marker associated with inflammation, but particularly with septic conditions
more frequently, often but not exclusively, linked to bacterial superinfection, playing a
role in the severity of COVID-19 [17,18]. C-reactive protein (CRP) is an acute-phase pro-
tein synthesized in the liver, serving as a crucial indicator of systemic inflammation. It
is associated with severe forms of viral infection with the novel coronavirus, and it can
act as an independent factor for mortality depending on the genetic polymorphism of
CRP in COVID-19 [19-21]. The increase in CRP and procalcitonin levels in patients with
diabetes and COVID-19 has been mentioned in the literature as being associated with acute
complications of type 2 diabetes, including difficult-to-control hyperglycemia, diabetic
ketoacidosis, and hyperosmolar hyperglycemic syndrome [22]. Lactate dehydrogenase
(LDH) is an enzyme from the oxidoreductase class that also acts as an acute-phase reactant
in systemic inflammation. In COVID-19 infection, LDH has been associated with a negative
prognosis and increased severity since the beginning of the pandemic. Its elevation may be
linked to organic damage and hypoxia [23]. The increase in LDH as a nonspecific enzyme,
starting from the eighth day of SARS-CoV-2 infection, has been reported in studies in the
literature, and it has been the most important risk factor for mortality in COVID-19 pa-
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tients [24]. Furthermore, in COVID-19 infection, LDH levels as a marker of oxidative stress
have been shown to correlate with ambient oxygen saturation, anisocytosis, and disease
severity [25]. Another acute-phase protein is fibrinogen, the precursor of fibrin, which
consists of two subunits with three polypeptide chains of Aalpha, Bbeta, and y. Levels of
fibrinogen variants have been associated with severe forms of SARS-CoV-2 infection [26,27].
This finding was also presented in our previous studies, which included data from patients
at the time of admission [28,29]. D-dimers represent a fibrin degradation product, and
high levels of d-dimers are associated with prothrombotic risk, lung injury, and severe
forms of COVID-19 [30,31]. Ferritin is the major intracellular iron-storage protein, and
hyperferritinemia is associated with severe forms of SARS-CoV-2 viral infection, which
is an independent factor in mortality [32]. SARS-CoV-2 viral infection causes alteration
of hemoglobin, red blood cells, and ESR levels due to oxidative stress and inflammation;
hematological parameters are markers of severe forms of viral infection [33]. Also, an
imbalance of electrolytes, such as hyponatremia, hypokalemia, or hypocalcemia, may be an
independent prognostic factor or severity in COVID-19 [34-36].

In the current study, we analyzed the laboratory parameters at the discharge of patients
with SARS-CoV-2 infection who also have type 2 diabetes mellitus. The aim of this study
was to evaluate biomedical parameters at discharge in individuals with type 2 diabetes
and SARS-CoV-2 infection, considering significant deviations from reference biological
intervals and the influence of the clinical form of SARS-CoV-2 infection. Another objective
of this study was to compare the mean of various biomedical parameters at discharge in
individuals with type 2 diabetes and SARS-CoV-2 infection based on pre-existing diabetes
or diabetes diagnosed at the time of hospitalization.

2. Material and Methods
2.1. Study Design

This study was based on 45 patients hospitalized at the Clinical Hospital “Gavril
Curteanu” Oradea, the actual Bihor County Emergency Hospital, Coposu location, between
21 October 2021 and 31 December 2021, randomly selected, having as the main inclusion
criteria the positive RT-PCR (reverse transcription polymerase chain reaction) rapid antigen
test for viral infection and the diagnosis of type 2 diabetes.

This research was conducted in accordance with the Helsinki Declaration, and the
protocol was approved by the Ethics Committee of the Clinical Hospital “Gavril Curteanu”
Oradea (No. 32652/16 November 2020) and by the Ethics Committee of the University of
Oradea (No. 5/A, 21 September 2020). All patients included in this study provided written
consent to participate in this research.

The inclusion criteria were SARS-CoV-2 virus infection confirmed by a positive RT-
PCR/rapid antigen test and the presence of type 2 diabetes, whether pre-existing or newly
diagnosed at the time of hospitalization. The exclusion criteria from the group of patients
included the absence of infection with the SARS-CoV-2 virus by negative RT-PCR/rapid
antigen test, the absence of type 2 diabetes, or the presence of type 1 diabetes.

2.2. Data Collection

The data were collected in an EXCEL file, including the following biomedical param-
eters at discharge: procalcitonin, CRP, LDH, fibrinogen, ESR (erythrocyte sedimentation
rate), ferritin, hemoglobin, erythrocyte count, serum potassium, serum sodium, D-dimers,
and the severity of COVID-19 on CT (mild, moderate, and severe forms).

2.3. Statistical Analysis

To perform the statistical calculations, the EXCEL data file, which contained the
study data, was converted into an SPSS file, and the statistical processing was performed
with the statistical software SPSS version 20. Adequate statistical tests were used for the
analysis: the Student’s t-test for independent samples, the Binomial test and Fisher’s exact
test, continuous outcomes performed by the Mann-Whitney U test, as well as the non-
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parametric Spearman. Also, the significance threshold p = 0.05 (=5%) was used for the case
when the result of the analysis was significant, and p = 0.01 was also used for the case when
the result of the analysis was strongly significant (p < 0.01).

3. Results

In this study, we analyzed laboratory tests at the discharge of patients with type
2 diabetes mellitus, whether pre-existing or newly identified at the time of hospitalization,
and SARS-CoV-2 infection, based on the severity form on CT (mild, moderate, or severe).
We also conducted mean comparisons, correlations between evaluated parameters, and
adherence to the reference interval (Table 1).

According to Table 1, the application of the Binomial Test distinguished the following
situations:

(i) The proportion of values in the reference range (YES) was strongly statistically signifi-
cantly higher than those that were not in the reference range (NO) (p < 0.001). This
occurred for the following parameters at discharge: RBC, C1~, and Na*. All values
were within the reference range for K* at discharge.

(ii) The proportion of values in the reference range (YES) was statistically significantly
lower than those that were not in the reference range (NO) (p < 0.05). This occurred for
the next parameters at discharge, such as ferritin, CRP, LDH, procalcitonin, fibrinogen,
D-dimer, and ESR.

(iii) The proportion of values in the reference range (YES) did not differ statistically
significantly from those that were not in the reference range (NO) (p > 0.05). This
occurred for the parameter Hb at discharge. In cases i and ii, in most situations, it was
found that the applied Binomial Test was highly statistically significant, i.e., p < 0.001.

In Table 2, by applying the Fisher test to the contingency table, a statistically significant
association (p = 0.039 < 0.05) was obtained between the fact that ferritin values at discharge
were not in the biological reference range and the subject having severe or moderate
COVID-19 disease.

Table 2. The association between ferritin at discharge and COVID-19 severity.

Ref. COVID-19 Severity Forms Total Fisher Test OR
ota
Int. Moderate and Severe ~ Mild p L.I LS.
YES 29 1 30 0.014 16.571 1.594 172.307
Serum ferritin
NO 7 4 11 - - - -
Total 36 5 41 - - - -

OR =16.571 > 1 (1.594 < OR < 172.307) shows the ratio of those with severe or moderate forms of COVID-19 to
those with mild forms among subjects with ferritin levels outside the reference range to the same ratio among
subjects with ferritin levels within the reference range.

In Table 3, by applying the Fisher test to the contingency table, a statistically significant
association (p = 0.049 < 0.05) was obtained between the fact that hemoglobin values at
discharge were outside the biological reference range and the fact that the subject had
severe or moderate COVID-19 disease.

From Table 4, based on the Student’s ¢-test for independent samples, the means of the
following parameters at discharge: ferritin, Hb, LDH, fibrinogen, ESR, Na*, K*, and C1~
did not differ significantly statistically between the female and male genders (p > 0.05).

Based on the Mann-Whitney non-parametric test (M—-W test) for independent sam-
ples, Table 5 indicated that the means of the next parameters at discharge (LDH, CRP,
procalcitonin, D-dimers, and RBC) did not differ significantly by gender (p > 0.05).
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Table 3. The association between Hb levels at discharge and the severity of COVID-19.

Ref. COVID-19 Severity Forms Total F Test RR
Int. Moderate and Severe Mild p - L.I LS.
YES 20 0 20 0.049 1.294 1.032 1.623
Hb NO 17 5 22 - - - -
Total 37 5 42 - - - -
}F{eéalative Risk RR = 1.294 > 1 was statistically significant, as indicated by its confidence interval presented in
able 3.

Table 4. The comparison of quantitative biomedical parameters at discharge, such as ferritin, Hb,
LDH, and fibrinogen by gender.

Gender N Mean Std. Deviation t-Test, p
F 26 605.085 615.483 0.080
Ferritin

M 15 1022.693 867.771 -

F 26 12.677 1.663 0.157
Hb

M 16 13.556 2.280 -

F 26 391.413 192.013 0.280
LDH

M 16 489.563 387.699 -

F 25 47.480 29.158 0.902
ESR

M 14 46.286 28.009 -

F 25 138.101 3.995 0.657
Na*

M 16 137.500 4.514 -

F 25 4.204 0.730 0.334

K+

M 16 3.987 0.631 -

F 25 101.536 3.643 0.231
Cl~

M 16 100.025 4.224 -

Table 5. Mann-Whitney non-parametric test (M-W test) for independent samples.

Gender N Mean Std. Deviation. M-W Test, p

F 26 391.413 192.013 0.856
LDH

M 16 489.563 387.699 -

F 26 42.875 53.539 0.897
CRP

M 16 81.398 122.251 -

F 26 1.100 0.902 0.623

Procalcitonin
M 16 2.163 3.465 -
F 24 2324.875 2731.118 0.116
D-dimers

M 14 1038.929 855.329 -

F 25 4.440 0.583 0.673
RBC

M 16 4.563 0.629 -

Biomedical variables in this study did not significantly differ statistically between
urban and rural environments, as observed in Table 6.



J. Pers. Med. 2024, 14, 646

7 of 16

Table 6. Comparison of the means of biomedical parameters at discharge by environment (0 = urban,

1 = rural).

Environment N Mean Std. Deviation. p M-W Test, p

0 18 643.606 416.766 0.386 T

Ferritin

1 23 847.291 912.041 - -

0 19 13.121 2.119 0.745 T
Hb

1 23 12.922 1.828 - -

0 18 4.444 0.616 0.470 M-W
RBC

1 23 4.522 0.593 - -

0 19 63.148 78.737 0.423 M-W
CRP

1 23 52.926 94.835 - -

0 19 417.842 339.854 0.822 T
LDH

1 23 437.858 232.439 - -

0 19 1.001 0.693 0.750 M-W

Procalcitonin
1 23 1.921 2.971 - -
0 14 477.671 133.024 0.552 T
Fibrinogen
1 23 447.639 155.700 - -
0 15 2120.533 2021.392 0.194 M-W
D-dimers

1 23 1675.391 2492.591 - -

0 17 53.824 33.651 0.194 T
ESR

1 22 41.818 23.006 - -

0 18 138.200 3.285 0.656 T
Na*

1 23 137.606 4.792 - -

0 18 4.086 0.771 0.789 T

K+

1 23 4.146 0.643 - -

0 18 101.244 4.419 0.671 T
Cl~

1 23 100.713 3.527 - -

Most of the biomedical variables in this study did not statistically significantly differ
based on the severity of COVID-19 (a mild, moderate, or severe form of COVID-19).
However, statistically significant differences were observed for the following parameters at
discharge: Ferritin, where the mean for the group of subjects with at most moderate COVID
was statistically significantly lower than those with severe COVID (t-test, p < 0.05); LDH,
where the mean for the group of subjects with at most moderate COVID was statistically
significantly lower than those with severe COVID (t-test, p < 0.01); and CRP, where the
mean for the group of subjects with at most moderate COVID was lower than those with
severe COVID, although not statistically significant (Table 7).

Statistically significant differences were observed in the next parameters at discharge:
ferritin, where the mean for the survivor group was significantly lower than that of the
deceased (t-test, p < 0.05); LDH, where the mean for the survivor group was strongly
statistically significantly lower than that of the deceased (¢-test, p < 0.01); and CRP, where
the mean for the survivor group was strongly statistically significantly lower than that of
the deceased (Mann-Whitney test, p < 0.01) (Table 8).
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Table 7. Comparison of the mean values of biomedical parameters at discharge by severity of COVID
(1 = mild form, 2 = moderate form, 3 = severe form of COVID).

COVID-19 Severity N Mean Std. Deviation. p M-W Test, T
Mild and moderate forms 18 518.644 353.389 - T
Ferritin
Severe forms 23 945.087 897.280 0.046 -
Mild and moderate forms 18 13.361 1.384 - T
Hb
Severe forms 24 12.750 2.268 0.287 -
c Mild and moderate forms 17 4.588 0.507 0.317 M-W
RB
Severe forms 24 4.417 0.654 - -
Mild and moderate forms 18 17.747 21.242 0.213 M-W
CRP
Severe forms 24 87.403 104.873 - -
Mild and moderate forms 18 282.667 131.503 0.003 T
LDH
Severe forms 24 538.406 316.578 - -
Mild and moderate forms 18 1.413 2.127 0.258 M-W
Procalcitonin
Severe forms 24 1.574 2.418 - -
Mild and moderate forms 16 485.150 121.627 0.350 T
Fibrinogen
Severe forms 21 439.081 162.797 - -
Mild and moderate forms 16 1027.875 1020.499 0.310 M-W
D-dimers
Severe forms 22 2449.818 2771.788 - -
s Mild and moderate forms 16 46.063 26.272 0.859 T
ESR
Severe forms 23 47.739 30.329 - -
. Mild and moderate forms 17 137.541 4.690 0.679 T
N
a Severe forms 24 138.097 3.829 - -
. Mild and moderate forms 17 4.344 0.538 0.081 T
K
Severe forms 24 3.960 0.756 - -
Mild and moderate forms 17 101.194 4.388 0.737 T
Cl~
Severe forms 24 100.771 3.603 - -
Table 8. Comparison of the mean of biomedical parameters at discharge by the DEATH parameter
(0=NO, 1 =YES).
Death N Mean Std. Deviation. 4 M-W Test, T
NO 33 533.900 363.198 - T
Ferritin
YES 8 1681.738 1131.807 0.024 -
NO 34 12.794 1.791 0.136 T
Hb
YES 8 13.938 2.404 - -
NO 33 4.455 0.564 0.656 M-W
RBC
YES 8 4.625 0.744 - -
c NO 34 24.607 30.276 0.000 M-W
RP
YES 8 197.561 111.205 - -
NO 34 354.375 147.463 0.000 T
LDH

YES 8 745125 472.891 - -
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Table 8. Cont.
Death N Mean Std. Deviation. p M-W Test, T
NO 34 1.156 1.618 0.006 M-W
Procalcitonin
YES 8 2.988 3.845 - -
NO 30 439.013 144.791 0.085 T
Fibrinogen
YES 7 544.671 129.031 - -
NO 30 1573.733 1710.071 0.244 M-W
D-dimers
YES 8 2891.250 3778.140 - -
5 NO 31 45.097 27.285 0.404 T
ESR
YES 8 54.625 33.175 - -
. NO 33 137.580 4.169 0.376 T
N
? YES 8 139.050 4175 : -
. NO 33 4.199 0.648 0.138 T
K
YES 8 3.791 0.820 - -
NO 33 100.758 3.522 0.536 T
Cl-
YES 8 101.725 5.419 - -

In relation to pre-existing type 2 diabetes at the time of hospitalization for COVID-19
or its diagnosis upon hospitalization (0 = debut of diabetes, 1 = pre-existing diabetes),
most of the study’s biomedical variables did not differ statistically significantly on average
(Table 9).

Table 9. Comparison of the means of biomedical parameters at discharge by the parameter of
pre-existing type 2 diabetes (0 = debut of diabetes, 1 = pre-existing diabetes).
DM N Mean Std. Dev. p M-W Test, T
0 5 720.340 449.686 0.905 T
Ferritin

1 36 763.081 771.915 - -

0 6 13.733 1.759 0.332 T
Hb

1 36 12.892 1.969 - -

0 6 4.715 0.600 0.206 M-W
RBC

1 35 4.360 0.565 - -

0 6 29.677 40.580 0.661 M-W
CRP

1 36 62.196 92.097 - -

0 6 361.000 115.864 0.532 T
LDH

1 36 440.104 301.069 - -

0 6 0.958 0.829 0.746 M-W

Procalcitonin
1 36 1.596 2.427 - -
0 5 359.160 185.273 0.102 T
Fibrinogen
1 32 474.603 136.345 - -
0 5 1094.800 944.756 0.479 M-W
D-dimers

1 33 1965.697 2429.159 - -

0 5 34.800 15.723 0.308 T
ESR

1 34 48.853 29.525 - -
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Table 9. Cont.

DM N Mean Std. Dev. p M-W Test, T
0 6 135.200 3.863 0.089 T
Na*
1 35 138.324 4.086 - -
0 6 4.235 0.480 0.665 T
K+
1 35 4.100 0.728 - -
. 0 6 98.717 3.531 0.131 T
Cl-
1 35 101.329 3.877 - -

RBC at discharge statistically significantly correlated non-parametrically (Spearman)
(p < 0.05) with both Hb at discharge and ESR at discharge. ESR at discharge showed
a statistically significant decreasing trend when RBC at discharge increased (Spearman
correlation coefficient Ro < 0) (Table 10).

Table 10. Non-parametric correlations between the level of RBC at discharge and the quantitative
parameters of the study at discharge.

RBC
Spearman Ro p N
Hb 0.897 0.000 41
ESR —0.506 0.001 38

K* at discharge showed a statistically significant decreasing trend when CRP at dis-
charge increased (Spearman correlation coefficient Ro < 0), while for the other parameters,
a statistically significant increase occurred when CRP at discharge increased (Ro > 0). Addi-
tionally, strongly statistically significant correlations (p < 0.01) were observed between CRP,
LDH, fibrinogen, and K at discharge (Table 11).

Table 11. Non-parametric correlations between the level of CRP at discharge and the quantitative
parameters of the study at discharge.

CRP
Spearman Ro P N
Ferritin 0.385 0.013 41
LDH 0.549 0.000 42
Procalcitonin 0.311 0.045 42
Fibrinogen 0.448 0.005 37
D-dimers 0.433 0.007 38
K* —0.479 0.002 41

K* at discharge showed a decreasing trend (statistically significant) when ferritin at
discharge increased (Pearson correlation coefficient R < 0), while ESR at discharge showed
an increasing trend (statistically significant) when ferritin at discharge increased (R > 0)
(Table 12).



J. Pers. Med. 2024, 14, 646 11 of 16

Table 12. Pearson parametric correlations between ferritin at discharge and other parameters at discharge.

Ferritin
Pearson R p N
ESR 0.326 0.043 39
K* —0.364 0.021 40

The ESR at discharge showed a decreasing trend (statistically significant) when the Hb
at discharge increased (Pearson correlation coefficient R < 0), while the LDH at discharge
exhibited an increasing trend (statistically significant) when the Hb at discharge increased
(R > 0) (Table 13).

Table 13. Parametric correlations (Pearson) between the parameter Hb at discharge and other
parameters at discharge.

Hb
Pearson R p N
LDH 0.423 0.005 42
ESR —0.454 0.004 39

4. Discussion

In this study, the mean procalcitonin level at discharge was significantly lower in those
who survived the viral infection and who were discharged compared to those who died
due to SARS-CoV-2. In the literature, an increase in procalcitonin levels in individuals with
SARS-CoV-2 infection in the intensive care unit has been associated with an unfavorable
prognosis [37]. In another prospective cohort study, an increase in inflammatory parameters
was observed in individuals with severe forms of COVID-19 infection [38]. In a retrospective
study, the relationship between increased D-dimer levels, hyperferritinemia, and severe
forms of infection was highlighted and correlated with transfer to intensive care and the
need for intubation and mechanical ventilation [39].

In our study, we analyzed various parameters at discharge and identified an asso-
ciation between ferritin values outside the reference range at discharge and severe or
moderate forms of COVID-19 infection in patients with type 2 diabetes. A similar pattern
was observed between hemoglobin values at discharge and moderate and severe forms of
COVID-19 infection in patients with type 2 diabetes. Ferritin at discharge in type 2 diabetic
patients with at most moderate forms of COVID-19 infection was statistically significantly
lower (p < 0.05) compared to those with severe disease. Studies in the literature have shown
higher ferritin levels in individuals with diabetes and SARS-CoV-2 compared to patients
without diabetes, and much higher ferritin levels in women compared to men who had the
viral infection [40,41].

Another aspect of our study is that the mean ferritin level at discharge in diabetic
patients who survived the viral infection was statistically significantly lower than in those
who died (p < 0.05), and the mean LDH level at discharge was strongly statistically signifi-
cantly lower in survivors (p < 0.001), along with the mean CRP level at discharge (p < 0.001).
Consistent with our study, data from the literature showed elevated levels of LDH, CRP,
fibrinogen, and ferritin as biomarkers of high infectious mortality in the context of the
novel coronavirus [42].

Regarding the increased ferritin level at discharge, it was statistically associated with
decreased potassium levels at discharge and increased ESR levels at discharge, and the
mean ferritin levels at discharge were associated with the severity of COVID-19 infection.
Hypokalemia has been mentioned in the literature as a marker of severity and has been
associated with intensive care unit admission [43].
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Changes in hematological parameters in the context of SARS-CoV-2 infection have
been mentioned in certain studies regarding the trend of decreased red blood cell count
and hemoglobin levels in patients who have contracted the virus [44]. Faghih Dinevari,
M., Somi, M.H., and Sadeghi Majd, E. et al. have described a link between the negative
prognosis of SARS-CoV-2 infection in the general population and the presence of anemia in
infected patients [45].

In our research, we identified that the LDH value at discharge in individuals with
metabolic pathology, such as type 2 diabetes, who had mild and moderate forms of viral
infection was significantly lower (p < 0.001) than in those patients who had severe forms.
CRP at discharge in patients with type 2 diabetes and COVID-19 was lower in those with
mild and moderate forms than in those with severe forms on chest CT, however, without
statistically significant significance.

Another identified correlation was regarding the high levels of CRP at discharge,
strongly statistically associated (p < 0.001) with the increase in LDH and fibrinogen levels
in patients with type 2 diabetes and SARS-CoV-2 viral infection. On the other hand,
the increase in CRP was inversely correlated with the tendency for serum potassium to
decrease at discharge in patients with diabetes. The decreasing trend in potassium was also
correlated with hyperferritinemia and increased ESR at discharge.

In another comparative study between symptomatic and asymptomatic forms of
COVID-19, the levels of ferritin, glucose, CRP, and D-dimers in the context of SARS-CoV-2
infection were described in relation to severe forms of viral pathology [46].

Similarly, we observed that the decreasing trend in ESR was correlated with high
levels of hemoglobin at the end of hospitalization. We identified a statistically significant
direct correlation between the increase in hemoglobin and the increase in LDH.

Among the parameters involved in iron metabolism, we identified a statistically
significant non-parametric correlation between the number of erythrocytes at discharge
(RBC) and the value of ESR at discharge in patients with type 2 diabetes and COVID-19
infection, with ESR showing a decreasing trend as the number of erythrocytes increased.

The decreased number of erythrocytes in diabetic patients with SARS-CoV-2 infection
has been mentioned in the specialized literature [47,48]. We identified a statistically signifi-
cant non-parametric correlation at discharge between the number of erythrocytes and the
serum hemoglobin level in the patients included in this study.

Some parameters at discharge, such as hemoglobin, the number of erythrocytes, and
fibrinogen, as well as the other parameters analyzed, did not show statistically significant
differences based on the gender of the diabetic patients included in our study, nor based on
their geographical origin.

In a literature study conducted in Heidelberg, Germany, gender differences were
mentioned for ferritin, serum iron, and transferrin, which were more pronounced in male
patients. However, only serum iron and ferritin could be associated with more severe forms
of COVID-19 infection [49].

The detection of diabetes for the first time at the time of hospitalization for COVID-
19 infection or the pre-existence of the diagnosis of type 2 diabetes did not represent a
statistically significant differentiating factor regarding the values of biological parameters
at discharge in the patients from our study. Among the limitations of our study, we mention
the small sample size and the fact that the study was conducted at a single center.

5. Conclusions

Throughout the hospitalization of individuals with type 2 diabetes, whether pre-
existing or diagnosed at the time of admission, and SARS-CoV-2 virus infection, it is
important to evaluate laboratory parameters at the time of discharge, considering the
severity of the viral infection. This comprehensive approach supports clinicians and, most
importantly, patients in clinical, paraclinical, and therapeutic management. In this study,
we evaluated laboratory analyses at discharge in individuals with metabolic disorders such
as type 2 diabetes and viral infection with the novel coronavirus, focusing on significant
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deviations from the reference range, clinical form of infection on CT scans, comparisons of
means of parameters at discharge, various correlations between parameters, and the timing
of diabetes diagnosis.

Thus, the diagnosis of type 2 diabetes at the time of admission or pre-existing diabetes
prior to hospitalization did not significantly influence the laboratory results at discharge.
However, increased procalcitonin, hyperferritinemia, decreased hemoglobin, and decreased
red blood cell count at discharge were statistically significant severity markers in patients
with type 2 diabetes. On the other hand, hyperferritinemia at discharge was correlated
with changes in electrolytes, specifically a decrease in serum potassium, and persistent
inflammation indicated by an elevated ESR at discharge. The decrease in potassium
was significantly correlated with another inflammatory marker, namely an increase in
C-reactive protein. These values were not influenced by the subjects’” gender or whether
they originated from urban or rural environments. The mean of procalcitonin, ferritin,
LDH, and CRP levels at discharge were significantly lower in those who survived the viral
infection and who were discharged compared to those who died due to the SARS-CoV-2
viral infection.
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SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
COVID-19 Coronavirus disease

ACE2 Angiotensin-converting enzyme 2
CRP C reactive protein

RT-PCR Reverse transcription polymerase chain reaction
RBC Red blood cell

K Potassium (Kalium)

Cl Chlorine

Na Sodium

Hb Hemoglobin

CT Computed tomography

LDL Low density cholesterol

ESR Erythrocyte sedimentation rate
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