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ABSTRACT

BACKGROUND: Coronavirus disease (Covid-19) causes a systemic inflammatory
syndrome with pulmonary involvement. Rheumatological involvement in patients
with mild clinical forms of Covid-19 is uncertain. Diabetes mellitus (DM) is known
Email: to increase susceptibility to viral infections. Also, patients with DM have a reduced
hythambadr87@yahoo.com | Angiotensin converting enzyme 2 (ACE2) expression that might contribute to the
increased predisposition to severe lung injury. The aim of the work is to study the
rheumatological manifestations with assessment of ACE2 level in post COVID
patients with and without diabetes mellitus (DM).

Sme't Date  2023-05-11 | \eTHODS: We included a total of 160 consecutive patients in Covid-19
Revise Date  2023-06-02 | ¢, 5jescent phase (after clinical recovery), all of them diagnosed with a positive
Accept Date  2023-06-05 | pcR test. All participants were divided into two categories: 80 patients with
COVID-19 and DM and another 80 patients with COVID-19 without DM. All
patients subjected to history taking, clinical assessment, laboratory investigations
(including serum ALT, AST, Albumin, Urea, Creatinine, FBG, HBAIc,
Procalcitonin, CRP, Hemoglobin, WBC, Platelet count, Neutrophile count,
Lymphocyte count, D-Dimer and ACE2).

RESULTS: Patients with DM have a higher significant mean serum level of ACE2
(43.90 £ 20.04). Regarding post COVID rheumatological manifestation, patients
with DM have a higher significant severe arthralgia and arthritis with higher
significant serum level of anti-nuclear antibody (ANA), rheumatoid factor (RF) and
Anti-citrullinated protein (CCP) (p < 0.05).

COCLUSIONS: We found that COVID-19 patients with D.M have a higher risk of
rheumatological complications with higher level of ACE2 than COVID-19 patients
without D.M.

KEYWORDS: Angiotensin; Converting; Enzyme 2; Arthritis; COVID-19;
Diabetes; Mellitus.
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INTRODUCTION

OVID-19 manifests with a wide range of
presentations. Several debilitating
manifestations may develop during or after an
infection consistent with COVID-19. These
manifestations may continue for more than 3 months

Elgendy, D., et al

after COVID-19 infection and usually are not related
to an alternative diagnosis [1]. Common symptoms
may include weakness, breathlessness, fatigue,
myalgia, joint pain, cognitive blunting, headache,
etc. This is called “Long COVID” or more
commonly “Post COVID-19 Syndrome (PCS)” [2].
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Rheumatic symptoms were also reported after other
coronavirus infection, such as Middle East
respiratory syndrome and severe acute respiratory
syndrome (SARS) with an incidence of 32% and
10%, respectively. However, this incidence may be
underestimated due to the high doses of
glucocorticoids ~ (cumulative  doses  during
hospitalization of more than 1 gm) [3-4].

On the other hand, there is a role for angiotensin-
converting enzyme 2 (ACE2) in the association
between DM and COVID-19. ACE2, a type 1
integral membrane glycoprotein, is constitutively
expressed by the epithelial cells of the lungs,
kidneys, blood vessels and intestine. In normal
physiology, ACE2 breaks down angiotensin-Il, and
to some extent angiotensin-1, to smaller peptides,
angiotensin (1-7) and angiotensin (1-9), respectively
[5]. The ACE2/Angiotensin [1-7] system has an
important antioxidant and anti-inflammatory role
protecting the lung against acute respiratory distress
syndrome (ARDS). Indeed, ACE2 was protective
against lethal avian influenza A H5N1 infection [6].

Diabetic patients have a reduced ACE2 expression,
possibly due to glycosylation; this might contribute
to the increased predisposition to severe lung injury
and ARDS with COVID-19 [7]. Also, patients with
connective tissue diseases CTD) are known to have a
reduced ACE2 expression, this may be due to the
presence of anti-ACE2 antibodies in a significant
proportion of CTD patients, genetic polymorphism,
epigenetic dysregulation, and the application of
drugs especially glucocorticoids [8].

We aimed studying rheumatological manifestations
by assessment of ACE2 level in post COVID diabetic
and non-diabetic patients.

METHODS

This study was performed at Internal medicine
Department, Faculty of Medicine, Menoufia
university during the period from May 2021 to May
2022. All participants provided their informed
consent. The study has been carried out in
accordance with the code of ethics of the world
medical association (Declaration of Helsinki) for
experiments involving humans. The ethics
committee (institutional review board, Faculty of
medicine, Menoufia University) gave their approval
to the research (approval number: 12/2022 INTM 3-
2).

a total of 160 consecutive patients in Covid-19
convalescent phase (after clinical recovery) were
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included, all of them were positive PCR test,
according to recommendations of the World Health
Organization. Our patients were divided into two
categories: eighty (80) COVID-19 patients were type
2 DM, and the remaining eighty (80) COVID-19
patients were none-diabetic.

All patients subjected to full history taking, clinical
assessment and laboratory investigations (including
serum alanine transaminase (ALT), aspartate
aminotransferase (AST), Albumin, Urea, Creatinine,
fasting blood glucose (FBG), hemoglobin Alc
(HbAXc), Procalcitonin, C-reactive protein (CRP),
and Hemoglobin (Hb), D-Dimer and ACE2 levels,
white blood cells (WBCs), Platelet (PLT),
Neutrophile, and Lymphocyte count, and
Computerized Tomography (CT) on the chest.

Type 2-DM was diagnosed according to American
Diabetes Association Guidelines, with FBG more
than 126 mg/dl, 2 hours postprandial blood glucose
more than 200 mg/dl and/or HBAlc more than 6.5
mg% [9].

Only patients diagnosed with COVID-19 and needed
ward admission were included. While; who needed
admission in the intensive care units (ICU), with
history of autoimmune diseases, with renal and/or
liver failure were excluded.

Serum protein levels of ACE2 were measured using
the slow off rate modified aptamer (SOMAmMmer)
based protein profiling technology, performed at
SomalLogic Inc. Blood samples were collected after
an overnight fast. We prepared serum using a
standardized protocol, stored in 0.5 ml aliquots at
80°C and serum samples that were used for the
protein measurements. Hybridization controls were
used to correct systematic variability in detection and
calibrator samples of three dilution sets (40%, 1%,
and 0.005%) were included so that the degree of
fluorescence was a quantitative reflection of protein
concentration.

Statistical analysis:

Data were analyzed using IBM SPSS software
package version 20.0. (Armonk, NY: IBM Corp).
Kolmogorov-Smirnov test was used to test data for
normality. Categorical data were represented as
numbers and percentages. Distributed data were
expressed as range (minimum and maximum), mean,
standard deviation and median. The following tests
were used; Student t-test, Mann Whitney test, Chi-
square test, and Fisher Exact test.
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P value was used to assess the level of significance.
P value > 0.05 was considered statistically non-
significant. P value< 0.05 was considered
statistically significant. P value< 0.001 was
considered statistically highly significant.

RESULTS

One hundred and sixty patients with COVID-19 were
included, and according to Prescence of absence of
diabetes mellites type 2; were divided into two equal
each group include 80. There was no significant
difference among diabetic and non-diabetic as
regard; age and sex, hypertension, whoever; asthma
and chronic obstructive pulmonary disease (COPD)
(p <0.001) were significantly higher in diabetic
group (Table 1).

Diabetic patients had higher serum levels of ALT,
AST, albumin, creatinine, FBG, HbAlc, CRP, Hb
and PLT while have lower serum levels of Urea and
WBC (p <0.001) (Table 2).

Diabetic patients had higher Neutrophile count
(11.20 + 3.18), D-Dimer (0.68 + 0.20) and ACE2
levels (43.90 += 20.04) while have a lower

Table (1): Demographic data of both groups
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Lymphocyte count (0.77 £ 0.25) (p < 0.001) (Table
3).

Patients in Group-1 had more and severe post
COVID-19 symptoms and comorbidities in the form
of headache, cough, skin rash, chest pain, shortness
of breath, fatigue, and myalgia (p < 0.05). Regarding
the post COVID-19 rheumatological manifestations,
patients with DM have more arthralgia and arthritis
with significant high levels of ANA, rheumatoid
factor and Anti CCP (p < 0.05) (Table 4).

ACE2 level was significantly negatively correlated
with FBG (r=-0.255 & P=0.022) and Hb level (r=-
0.297& P=0.007) while; showed a significant
positive correlation with HbAlc (r=0.237, P=0.034)
(Table 5).

ACE2 level in post COVID-19 diabetic patients was
significantly associated with positive ANA, RF and
Anti CCP (p=0.012, 0.002 and 0.001, respectively)
while not with arthralgia and arthritis. However, the
non-diabetic group; ACE2 level was not associated
with positive ANA, RF, Anti CCP, arthralgia and
arthritis (Table 6).

Diabetic Non-diabetic Test P
(n=280) (n=80)
Age (years):
Mean * SD. 44,10 +£9.88 43.80 £ 7.50 = 0.829
Range (min. — max.) 43 (25-62) 43 (33 -63) 0.216 '
Sex:
Male 48 (60.0%) 40 (50.0%) x2= 0.204
Female 32 (40.0%) 40 (50.0%) 1.616 '
Comorbidity:
Hypertension 40 (50.0%) 40 (50.0%) %?=0.000 (1.000
Asthma 24 (30.0%) 12 (15.0%) ¥?=5.161" |0.023"
COPD 44 (55.0%) 16 (20.0%) ¥?=20.91" |<0.001"

SD; Standard deviation

t; Student t-test

x2; Chi square test

P; p value for comparing between the two studied Covid 19 groups

*; Statistically significant at p < 0.05.

Elgendy, D., et al

COPD; chronic obstructive pulmonary disease
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Table (2): laboratory data in both groups
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Laboratory data ?rlla:bgt(;; No(nn- i'%g;tlc Test P
ALT

Mean + SD. 62.80 + 15.25 28.75+10.44 = <0.001"
Range (min. — max.) 62 (42 —98) 29 (9-61) 184.0 '
AST

Mean + SD. 70.35+17.44 30.05+7.79 = <0.001"
Range (min. — max.) 67.5(40-99) 29.5 (18 -48) 64.0 '
ALB (g/dl)

Mean + SD. 3.73+0.60 251+0.12 = <0.001"
Range (min. — max.) 3.75(2.7-5.0) 2.53 (2.17 - 2.78) 8.00 '
Urea (mg/dl)

Mean + SD. 16.05+4.81 30.05+7.79 = <0.001"
Range (min. — max.) 155 (7-25) 29.5 (18 — 48) 328.0 '
Creatinine (mg/dl)

Mean + SD. 0.70+0.17 0.53+0.12 = | o001
Range (min. — max.) 0.65 (0.50 — 1.10) 0.53 (0.28 — 0.80) 1356.0 '

FBG

Mean + SD. 222.6 £ 94.81 113.4 £ 22.29 = o001
Range (min. — max.) 210.5 (71 — 386) 110.5 (81 — 186) 10.028 '
HbAlc (%)

Mean + SD. 8.03+1.33 5.16 + 0.53 = 000"
Range (min. — max.) 8 (5.5-10) 5.20(4-6) 17.955 '
PCT 0.1 (ng/ml)

Mean + SD. 5.16 £2.20 081+1.21 = ) <0.001"
Median (min. — max.) 5.0 (1.10 - 9.50) 0.20 (0.02 -5.0) 272.0 '
CRP (mg/l) 6.0

Mean + SD. 67.15 + 30.63 26.90 + 21.82 = <0.001"
Range (min. — max.) 55.5 (29 - 135) 21.5(5-76) 768.0 '

Hb (gm/dl)

Mean + SD. 13.22 + 4.68 11.39+1.37 = 0.001"
Range (min. — max.) 11.80 (9.0 — 29.70) 11.45 (9.30 — 13.70) |3.427 '
WABCs count(10%ml)

Mean + SD. 3.70+1.11 5.81+2.25 = | 001"
Median (min. — max.) 3.45 (2.20 - 5.90) 5.79 (2.20 — 10.80) 1368.0 '
PLT count (10%/ml)

Mean + SD. 348.6 £ 157.0 341.8 +157.4 U= _|<0.001"
Range (min. — max.) 288.5 (146 — 693) 288.5 (146 — 693) 3056.0 '

SD: Standard deviation t: Student t-test U: Mann Whitney test
P; p-value for comparing between the two studied Covid 19 groups. *; Statistically significant; p < 0.05
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Table (3): Comparison between the two studied Covid 19 groups according to different parameters

Diabetic Non-diabetic Test p
(n=80) (n=80)
Neutrophils (2.0-8.0)
Low (<2) 0 (0.0%) 48 (60.0%) .
Normal (2.0 - 8.0) 12 (15.0%) 32 (40.0%) 12_5 091" <0.001"
High (>8) 68 (85.0%) 0 (0.0%) '
Mean + SD. 11.20+ 3.18 1.99+0.76 = <0.001"
Range (min. — max.) 11 (7-19) 1.80 (1-4) 0.000" '
LYMP (0.8-4.0)
Low (<0.8) 44 (55.0%) 4 (5.0%) y2= <0.001"
Normal (0.8-4.0) 36 (45.0%) 76 (95.0%) 47.619" '
Mean + SD. 0.77+£0.25 1.87+0.72 = <0.001"
Range (min. — max.) 0.70 (0.30 — 1.30) 1.85 (0.70 - 3.70) 416.0 '
D-Dimer (0.5-1.0)
Low (<0.5) 12 (15.0%) 48 (60.0%) 2=
Normal (0.5 - 1.0) 64 (80.0%) 32 (40.0%) . .
High (>1.0) 4 (5.0%) 0 (0.0%) 36.267 <0.001
Mean + SD. 0.68+0.20 0.45+0.17 = |.0001"
Range (min. — max.) 0.70 (0.30 — 1.10) 0.41 (0.22 - 0.90) 1224.0 '
ACE 2 level
Mean + SD. 43.90 + 20.04 9.85+4.14 U= <0.001"
Range (min. — max.) 44.5 (10 —90) 8.5(3-19) 176.0° '
SD: Standard deviation t: Student t-test U: Mann Whitney test
x2 Chi square test MC: Monte Carlo FE: Fisher Exact
p: p value for comparing between the two studied Covid 19 groups
*: Statistically significant at p < 0.05
Table (4): post COVID symptoms and comorbidities in both groups
Diabetic Non-diabetic
(n = 80) (n = 80) Ve i
no 16 (20.0%) 24 (30.0%)
mild 12 (15.0%) 36 (45.0%) -
Headache |moderate 24 (30.0%) 16 (20.0%) ’363_ 486" <0.001"
severe 24 (30.0%) 4 (5.0%) '
very Severe 4 (5.0%) 0 (0.0%)
no 8 (10.0%) 16 (20.0%)
mild 12 (15.0%) 28 (35.0%) -
Cough moderate 24 (30.0%) 16 (20.0%) ’260‘0* <0.001"
severe 28 (35.0%) 20 (25.0%) '
very Severe 8 (10.0%) 0 (0.0%)
no 32 (40.0%) 48 (60.0%) _
Skinrash  |mild 40 (50.0%) 24 (30.0%) 77C 200" 0.027*
moderate 8 (10.0%) 8 (10.0%) '
no 20 (25.0%) 44 (55.0%)
. mild 8 (10.0% 16 (20.0% 2= .
Chestpain 0 ferate 20( (25.0030) 16 Ezo.O%g S5a10 | <0001
severe 16 (20.0%) 4 (5.0%)
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Diabetic Non-diabetic
(n = 80) (n = 80) Ut P
Very Severe 16 (20.0%) 0 (0.0%)
no 12 (15.0%) 16 (20.0%)
mild 32 (40.0%) 48 (60.0%) -
S.0.B moderate 16 (20.0%) 16 (20.0%) 7263_77 1" <0.001"
severe 16 (20.0%) 0 (0.0%) '
very Severe 4 (5.0%) 0 (0.0%)
no 0 (0.0%) 32 (40.0%) -
Fatigue mild 56 (70.0%) 36 (45.0%) ﬁo_3 18" <0.001"
moderate 24 (30.0%) 12 (15.0%) '
no 16 (20.0%) 28 (35.0%)
mild 12 (15.0%) 40 (50.0%) -
Myalgia moderate 28 (35.0%) 12 (15.0%) ﬁ8_750* <0.001"
severe 8 (10.0%) 0 (0.0%) '
Very severe 16 (20.0%) 0 (0.0%)
no 16 (20.0%) 16 (20.0%)
. |mild 16 (20.0%) 44 (55.0%) v2= .
Arthralgia 1 erate 16 (20.0%) 12 (15.0%) 28038 | <000
severe 32 (40.0%) 8 (10.0%)
no 16 (20.0%) 12 (15.0%)
» mild 16 (20.0%) 44 (55.0%) 2= .
Arthritis 1 ferate 20 (25.0%) 16 (20.0%) 75104 | <0001
severe 28 (35.0%) 8 (10.0%)
ANA no 28 (35.0%) 52 (65.0%) = <0.001"
yes 52 (65.0%) 28 (35.0%) 14.400" '
mean + SD. 320.0 = 320.0 160.0 £ 75.42 = 0.029"
range (Min. — Max.)  |320 (80— 1280) |160 (80 — 320) 520.0" !
Rheumatoid |no 24 (30.0%) 40 (50.0%)
Factor mild 28 (35.0%) 20 (25.0%) x2= 0.025"
moderate 16 (20.0%) 16 (20.0%) 9.333" '
severe 12 (15.0%) 4 (5.0%)
Anti CCP  |no 28 (35.0%) 44 (55.0%)
mild 24 (30.0%) 32 (40.0%) 2= <0.001"
moderate 16 (20.0%) 4 (5.0%) 23.898" '
severe 12 (15.0%) 0 (0.0%)

SD: Standard deviation
S.0.B: Shortness of breath

Antibody

*: Statistically significant at p < 0.05

U: Mann Whitney test
ANA: Antinuclear Antibody  Anti CCP: Anti-Cyclic Citrullinated Peptide

x2: Chi square test

Table (5): Correlation between ACE2 level and different parameters

ACE?2 level

Diabetic Non-diabetic

(n=80) (n=280)

rs rs P
ALT -0.060 0.595 0.083 0.463
AST 0.065 0.568 -0.053 0.638
ALB (g/dl) -0.070 0.535 0.038 0.736

Elgendy, D., et al
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ACE2 level
Diabetic Non-diabetic
(n =80) (n =80)
rs p rs P
Urea (mg/dl) 0.062 0.588 -0.053 0.638
CREAT (mg/dl) 0.155 0.169 0.053 0.641
FBG (mg/dl) -0.255 0.022" -0.051 0.631
HBA1c (mg%o) 0.237 0.034" 0.082 0.462
PCT (ng/ml) -0.162 0.150 0.220 0.051
CRP (mg/l) 0.099 0.384 0.146 0.195
Hb (gm/dl) -0.297 0.007" 0.097 0.392
WBCs 0.082 0.467 -0.145 0.198
PLT 0.187 0.098 0.107 0.346
rs: Spearman coefficient 6*: Statistically significant at p < 0.05
Table (6): Relation between ACE2 level and different parameters
ACE2 level
0 Diabetic (n = 80) U o Non-diabetic (n = 80)
Mean +SD. range Meanz SD. Range U (p)
Arthralgia no 16 440.3 £22.6 |40.5(10 —-70)| 456.0 |16 8.8 £1.3 8 (8 -11) 480.0
yes | 64 144.8 +19.4 |445(15 —90)| (0.500) |64 [10.1 +45 | 9.5(3 —-19) | (0.698)
yEe— no 16 403+226 |405(10-70)| 4560 |12 [11.3%57 8(7-19) | 368.0
yes | 64 W44.8+194 |445(15-90)| (0.500) |68 9.6+3.8 9(3-17) |(0.587)
ANA no | 28 [36.4+17.9 | 44(10-63) | 480.0° |52 9.8+44 8(3-19) | 688.0
yes | 52 WU7.9+20.1 | 50(20-90) | (0.012) {28 [10.0+36 | 9(6-15) | (0.685)
RF no 24 337 £13.0 |33.5(10 -50) | 376.0° |40 [9.9+47 95(3-19) | 784.0
yes | 56 148.3 +21.0 |51.5(15 —90)| (0.002°) |40 [9.8+35 8(5—-15) | (0.877)
AntiCCP | no | 28 [34.6 +18.1 | 33(10 —70) | 408.0° |44 [104+48 | 10(3-19) | 680.0
yes | 52 1489 +194 | 50(15 -90) | (0.001) |36 P.2+3.1 8(5-15) |(0.275)

SD: Standard deviation,

U: Mann Whitney test 90

*: Statistically significant at p < 0.05

DISCUSSION

Diabetes mellites (DM), and COVID-19 have a
bidirectional relationship.  Uncontrolled DM
increases the severity of COVID-19 and may
increase morbidity and mortality. The pandemic of
COVID-19 has also been associated with poor DM
control, progression from prediabetes to overt
diabetes, increased number of new onset diabetes and
corticosteroid induced diabetes [10,11].

This study evaluated rheumatological manifestations
with assessment of ACE2 level in post COVID-19 in
type 2 DM, and non-diabetic. Our results concluded
that COVID-19 patients with DM have a higher risk
of rheumatological complications with higher level
of ACE2 than COVID-19 patients without DM.

Elgendy, D., et al

Diabetic one had a higher significant mean serum
level of, D-Dimer and ACEZ2, and neutrophil count,
while had significant lower Lymphocyte count.

In our study, patients with DM had more post
COVID-19 symptoms and comorbidities in the form
of headache, cough, skin rash, chest pain, shortness
of breath, fatigue, and myalgia (p < 0.05). Also, had
a significant severe arthralgia and arthritis with
higher significant serum level of ANA, rheumatoid
factor and Anti CCP (p < 0.05).

In the same lines, Ghosn and colleagues studied 1137
patients (288 of them were admitted to the intensive
care unit) and found that about 60% of them had at
least one symptom of dyspnea, fatigue, joint pain,
and muscle pain at 6 months [12]. Garrigues and
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colleagues analyzed 120 survivors by telephone
surveys after a mean of 111 days of admission either
to the ICU (n=24) or the hospital ward unit (n=96)
and found that they complained from fatigue
(54.2%), dyspnea (39.6%), cough (14.6%), insomnia
(14.6%) and ageusia (9.4%) [13]. However, these
studies included patients admitted in the ICU, while
our study included only patients in the ward.

Also, Gonzalez Hermosillo and colleagues analyzed
130 survivors through telephone surveys and found
that common symptoms were fatigue (46.9%), joint
pain (43.8%), dyspnea (42.3%), muscle pain
(36.2%), anosmia (6.9%), and ageusia (5.4%) at
6 months [14]. Fortini and colleagues also analyzed
59 survivors after a median of 123 days of discharge
from the hospital ward unit and observed that they
suffered from fatigue (42.4%), dyspnea (37.3%),
ageusia (16.9%), anosmia (15.2%), cough (11.9%),
joint pain (8.5%), and myalgia (8.5%) [15].

COVID19 patients reported significantly more
rheumatic symptoms in comparison to community-
dwelling controls, indicating that patients with
COVID-19 did not recover even after 12 months of
symptom onset. It is well known that viral infection
is one of the common causes of arthralgia.
Coronaviruses, like many other viruses, can cause
varying degrees of joint disease [16]. One large
South Korean retrospective study found that several
respiratory viral infections by coronavirus,
metapneumovirus and parainfluenza virus were
associated with an increased number of incident
rheumatoid arthritis [17]. However, these studies
were not specific for COVID-109.

Published follow-up studies of COVID-19 found that
the percentage of self-reported rheumatic symptoms
after COVID-19 ranged from 4.5% to 27.3% [18-24].
This varied proportions may be due to the differences
in trial designs, the differences in illness severity of
the study populations and even the differences in
virus strains.

Several hypotheses have been proposed to explain
the mechanism of rheumatic symptoms after
COVID-19, but the exact mechanism remains
unclear. Uncontrolled or excessive cytokine
responses in patients with COVID-19, including
tumor necrosis factor and interleukin 17 (IL-17), as
main therapeutic targets in psoriatic arthritis and
spondylarthritis, have an important role in the
progress of COVID-19 [25-26].

Elgendy, D., et al
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We demonstrate that diabetic patients with COVID-
19 have a higher significant mean serum level of
ACE2 than non-diabetic patients.

The risk of critical admissions and mortality with
COVID-19 was increased two to three times in
patients with higher ACE2 levels in both patients
with DM and in patients with impaired fasting
glucose [27,28]. There are many reasons for the
increased susceptibility to COVID-19 in obese and
diabetic patients. This may be due to the impaired
immune response found in these patients [29].
Adipose tissue contains ACE2 receptors nearly the
same as pulmonary tissues, [30] and in mice, high fat
diet increases the expression of ACE2 in adipose
tissue [31]. The higher circulating levels of ACE2 in
patients with DM reflects increased number of
membrane-bound ACE2 receptor and also activity in
solid tissues, that may be associated with high viral
load in these high-risk groups, and this may be
associated with increased susceptibility to adverse
outcomes in COVID-19. Thus, in addition to altered
ACE2 levels, Type 2 DM and obesity are associated
with chronic inflammation that can increase
inflammation in pulmonary tissues, which combined
may affect the severity of outcome in COVID-19
[32].

Our results included only survivors of COVID-19
who had been admitted in hospital ward unit not
outpatient survivors or those who admitted in
intensive care unit. However, using ACE2 level as a
marker for COVID-19 severity and the effect of DM
on post COVID-19 rheumatological manifestations
may be a good point.

CONCLUSIONS

COVID-19 diabetic patient had a higher risk of
rheumatological complications with a higher level of
ACE2 than COVID-19 in non-diabetic one. We
concluded that diabetic patients with COVID-19
need more careful follow up.
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