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ABSTRACT

Background: While most infected people recovered completely from COVID-19 within a
few weeks, a considerable proportion continues to experience symptoms after their initial
recovery similar to SARS survivors. Intensive ongoing research has shed light on the
pathogenesis of COVID-19 and the extent of damages caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) but the intermediate and long-term complications
remain unclear. The objective of this study is to evaluate the glycemic and atherogenic status
in non-hospitalized and recovered covid-19 individuals without underlying diseases prior to
the infection.

Methods: A total of 200 apparently healthy subjects from all the staff of Duhok University
were enrolled in this case-control study. The subjects were divided into two groups. Group 1
included 107 subjects non-hospitalized recovered from covid-19 at more than 3 months after
infection which was proved by RT-PCR and Group 2 included 93 healthy subjects who have
not been infected with covid-19 as control group. Venous blood samples were collected and
analyzed for glycemic and atherogenic related parameters.

Results: There was no significant differences in blood pressure, glycemic and atherogenic
status between previously infected and not infected subjects. However triglycerides (TG) and
cardio-protective index (CPI) were slightly and non-significantly higher and low density
lipoprotein (LDL), total cholesterol (TC) and atherogenic index of plasma (AIP) lower in
previously infected subjects. Also, fasting plasma insulin (FPI), Homeostasis model
assessment-insulin resistance (HOMA-IR) and risk of atherogenicity were slightly higher in
the infected males, younger ages, older ages and obese subjects.

Conclusions: There are no long-term effects of COVID-19 on the glycemic and atherogenic
status of the recovered not hospitalized patients.
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OVID-19 is an infectious, coronavirus)!. The pathogenesis of
contagious disease of the respiratory COVID-19 requires theentrance of
system brought on by the Severe Acute SARSCoV-2 through the respiratory
Respiratory ~ Syndrome-Coronavirus 2 system and lodgement in the Ilung
(SARSCoV-2), a novel and variable strain parenchyma.
of the SARS-CoV (Severe Acute Then, it interacts with the angiotensin-
Respiratory Syndrome-related converting enzyme 2(ACE2) receptors and

https://doi.org/10.31386/dmj.2023.17.1.3
* MBChB, Msc student, College of Health Sciences, , University of Duhok, Kurdistan Region of Irag.
** Professor in Biochemistry, College of Pharmacy, , University of Duhok, Kurdistan Region of Irag.Irag.
Correspondence author: Bishkova Salih Khalid, bishkova_alhasso@yahoo.com, Tel: 009647504739872

24



GLYCEMIC AND ATHEROGENIC STATUS AMONG DUHOK UNIVERSITY

enters host pneumocytes. Apart from
pneumocytes, the presence of viral RNA
(ribonucleic acid) in the plasma or serum
indicates that the virus is freely available
to interact with ACE2 expressed in other
tissues?> such as pancreatic beta cells,
adipose tissue, the kidneys and the small
intestine®.

1-2% of patients with mild and 17% with
severe COVID-19, have increased blood
amylase and/or lipase as a sign of exocrine
pancreatic damage®. Although any major
illness can be associated with stress-related
hyperglycemia, Yang and his colleagues
found that patients with SARS (caused by
SARS-CoV, the "cousin™ of SARS-CoV-
2) who had never taken glucocorticoids
had significantly higher fasting plasma
glucose levels than patients with non-
SARS pneumonia®.

Another study suggested that the
development of "acute diabetes” in SARS
patients was likely caused by SARS-CoV-
mediated damage to the pancreatic beta-
cells®.

It was also reported that 35% of patients
experienced new-onset hyperglycemia
after hospital admission for covid-19 and
that hyperglycemia persisted over the
course of the next six months in these
patients’.

These findings lead to the hypothesis that
COVID-19  positive  patients  may
experience  virus-mediated pancreatic
damage, leading to the development of
diabetes®.

Furthermore, the adipose tissue could be a
major target tissue affected by COVID-19
due to the higher levels of ACE2
expression in adipose tissue than that in
lung tissue®.

According to Kassir (2020), the adipose
tissue inflammation causes metabolic
dysfunction that may result in
dyslipidemia, insulin resistance, type 2
diabetes, hypertension, and cardiovascular
disease!®.

Similarly, it has been reported that
dyslipidemia occurs in the acute phase of
covid-19'!, also a Follow-up study on
serum cholesterol profiles and potential
sequelae  in  recovered hospitalized
COVID-19 patients has been performed*?.

Therefore, it is important to conduct
extensive metabolic and clinical follow-up
investigations in affected groups as well as
long-term  observation to determine
whether these issues will be permanent or
will go away once the infection has been
treated and to study who is most likely to
be affected by these complications.

As no published information was found in
the long term follow up of infected
patients but non-hospitalized without
underlying diseases prior to the infection,
therefore this study was planned.

SUBJECTS AND METHODS

This case control study was carried out
from November 2021 to April 2022 among
staff of University of Duhok. A total of
200 subjects were selected from 600
sampling frame using a systematic random
sampling method. From every three
individuals one was selected for blood
sampling.

A pre-tested questionnaire was designed to
obtain information on age, gender, height,
weight, smoking habit, past medical
history such as heart diseases, liver
diseases, renal diseases, thyroid disorders
and other diseases, history of infection
with Covid-19, systemic hypertension,
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diabetes mellitus, dyslipidemia, family
history of chronic diseases and history of
drugs or supplements taken by the
participants.

All respondents who fulfilled the inclusion
criteria of no current presence of acute
illness, diabetes mellitus, hypertension,
dyslipidemia, heart diseases, liver diseases,
thyroid disorders and renal diseases, were
selected. Those who were taking lipid-
lowering drugs, with acute infection or had
infection within previous three months
were excluded from the study.

The study was approved by the
postgraduate committee of the College of
health Science (number5, 1/9/2021) and
the Medical Ethical Committee of
Directorate  of Health in  Duhok
governorate (Reference number:
15092021-9-15R1, 6/11/2022). An
informed written consent was obtained
from each subject enrolled in this study
after explaining its nature.

Experimental Design

The study included 200 apparently healthy
individuals (103 males and 97 females).
The subjects were divided into two groups:
Based on a previous positive test for
covid-19 (RT-PCR) or who had developed
symptoms after a close contact with a
covid-19 patient with a positive test, group
1 was selected. It comprised 107(51 males
and 56 females) who had been recovered
from covid-19 for > 3 months before
obtaining their blood samples and who had
not been hospitalized at time of infection.
Their mean ages ranged between (22-69)
years.

Group 2 included individuals who never
developed symptoms of covid-19 or those
who had flu like illnesses with negative
tests for covid-19, they served as a control
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group. It included 93 (52 males and 41
females) with ages ranged from (20-58)
years.

Blood sampling

Five ml of venous blood samples were
obtained in the morning after 12 hours
over night fasting from each participant.
Two ml was placed into EDTA containing
tube and used for assessment of HbAlc
percentage, the remainder 3 ml was placed
into a gel separator tube to prepare serum
used for all other parameters.

The biochemical analysis has been carried
out in General Azadi Teaching Hospital/
Duhok governorate.

Methods

The systolic and diastolic blood pressure
(SBP and DBP) and Waist circumference
(WC) were measured, Body mass index
(BMI) was calculated.

The glycemic status has been assessed by
measuring the fasting blood sugar (FBS),
fasting plasma insulin (FPI), and glycated
hemoglobin (HbA1C). FBS, FPI, and
HbA1C have been analyzed by using a
commercial kit supplied by (Roche/Hitachi
cobas systems, Germany).

Insulin resistance (IR) has been calculated
by using the HOMA-IR formula®3:

Fasting Insulin (mU/ml) x Fasting glucose
(mg/dl) /405

Atherogenic status has been investigated
by measuring the lipid profile parameters
(total cholesterol TC, triglycerides TG,
high density lipoprotein HDL, and low
density lipoprotein LDL). TC, TG and
HDL were analyzed by using a
commercial kit supplied by (Roche/Hitachi
cobas systems, Germany).

The LDL-c concentration was calculated
according to Friedewald formula!*:
[LDL-c] = [TC] — [HDL-c] — [TG/5]
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The atherogenic indices [Atherogenic
index of plasma AIP, Cardiac risk ratio
CRR, Atherogenic coefficient AC, and
cardio protective index CPI] were
calculated as follows:

AIP = Log [TG/HDL-c]*.

AC = [TC — HDL-c/HDL-c]*.

CRR = [TC/HDL-c]Y.

CPI= [HDL-c/LDL-c]".

STATISTICAL ANALYSES

Statistical Package for Social Science
version 22 (IBM, SPSS Statistics 22,
USA) was used for data analysis. All the
data were presented as mean (standard
deviation).

An independent t-test and Mann-Whitney
U test were used to compare the mean
values between the infected and control

groups. A two-way ANOVA was used to
study the interaction between infection
with covid-19 and other categorical
variables. P values of <0.05 were
considered as statistically significant.

RESULTS

A total of 200 respondents participated in
the study with an average age of (38.4
+7.93) years old. 107 of them had been
previously infected with covid-19 (83%
mild infection & 17% moderate which
were classified according to WHO
classification of severity*®) and 93 of them
had never been infected with covid-19.
The details of the respondents are
presented in

Table 1

Table 1: Details of the respondents (N=200)

n (%) Mean( SD)

Age(years) 38.4(7.93)
39.23(8.04)(previously infected)
37.52+_7.74)(control group)

Gender Females 97(48.5)

Males 103(51.5)
BMI Normal weight 78(39) 26.4(4.06)
Over weight 84(42)
Obese 38(19)
vaccination Vaccinated 151(75.5)
Not vaccinated 49(24.5)
Time of infection Less than 1 year 48(44.8)
More than 1 year 59(55.2)
Physical activity Yes 42(21)
No 158(79)

By comparing previously infected with not
infected subjects, there were no
statistically significant differences in mean
levels of systolic blood pressure (SBP),
diastolic blood pressure (DBP), FBS, FPI,
HOMA-IR and HbAlc. Furthermore, no
significant variations have been observed

in lipid profile parameters & atherogenic
indices between the two groups. On the
other hand, a non-significant increase in
the levels of TG and CPI in previously
infected respondents and a decrease in the
levels of LDL, TC & AIP has been noticed

(
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Table 2).

Table 2 (The difference between infected subjects with covid-19 and the control group)

Variables Group 1(infected with covid-19) Group 2(control) P value

Mean(SD) Mean(SD)

N=107 N=93
SBP (mmHg) 112.48 (14.64) 112.51(12.99) 0.78
DBP (mmHg) 70.93(10.58) 71.18(9.45) 0.69
FBS (mg/dl) 88.15(7.82) 88.01(7.16) 0.89
FPI (mU/ml) 10.48(6.43) 10.76(5.12) 0.73
HOMA-IR 2.33(1.54) 2.39(1.27) 0.78
HbA1C (%) 5.19(0.39) 5.15(0.43) 0.54
TC (mg/dl) 173.8(30.62) 176.17(28.16) 0.57
TG (mg/dl) 115.44(58.68) 109.32(40.67) 0.40
HDL-c (mg/dl) 48.76(12.05) 46.74(10.79) 0.21
LDL-c (mg/dl) 101.06(27.21) 108.33( 25.74) 0.055
AlP -0.026(0.28) -0.01(0.22) 0.66
CRR 3.78(1.16) 3.93(0.97) 0.32
CPI 0.53(0.23) 0.46(0.17) 0.057
AC 2.78(1.16) 2.93(0.97) 0.32

The two groups have been compared in
terms of gender as described in (Error!
Reference source not found.) and it has
been noticed that most of the parameters
were higher in males than females in both
groups except HDL and CPI were higher
in females of both groups and FPI and
HOMA-IR were higher in not infected
females than males. Also the data revealed
that there were no significant differences
in the mean levels of all parameters
between the infected and not infected
subjects in terms of gender. Although the
variations were non-significant in all the
variables, but it was noticed that FPI and

HOMA-IR were higher in infected males
and lower in infected females when
compared with the control group.
Additionally, TG was increased whereas
LDL decreased in previously infected
males and females. The HDL in infected
females was higher than the control
females group. Furthermore slightly higher
values of AIP, CRR, and AC in the
infected group were noticed in males and
lower values in females. CPI was higher in
infected females than females in control

group.

Table 3 (Difference between infected subjects and not infected according to gender)

P value for Group 1(infected with covid-19) Group 2(control)
variables infection*  Male(N=51) Female(N=56)  Male(N=52) Female(N=41)
gender Mean(SD) Mean(SD) Mean(SD) Mean(SD)
SBP(mmHg) 51 116.96 (12.61)  108.39 (15.26)  117.37(10.83)  106.34 (12.99)
DBP(mmHg) 41 74.31 (8.95) 67.86 (11.07) 75.00 (7.60) 66.34 (9.42)
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P value for Group 1(infected with covid-19) Group 2(control)
variables infection®  Male(N=51) Female(N=56)  Male(N=52) Female(N=41)
gender Mean(SD) Mean(SD) Mean(SD) Mean(SD)

FBS (mg/dl) .08 89.96 (8.04) 86.50 (7.18) 88.35 (7.29) 87.59 (7.06)
FPI (mU/ml) .06 11.73 (7.24) 9.34 (5.41) 10.54 (5.02) 11.04 (5.29)
HOMA-IR 82 2.67 (1.76) 2.03 (1.25) 2.33(1.21) 2.45 (1.35)
HbA1C (%) .54 5.29 (0.38) 5.09 (0.37) 5.23(0.47) 5.05(0.37)
TC (mg/dl) 79 181.47 (28.77) 166.8 (30.83) 180.38 (27.94)  170.83 (27.87)
TG (mg/dl) 24 131.92 (55.22)  100.4 (58.16) 121.56 (42.81)  93.80 (32.04)
HDL-c (mg/dl) .31 43.80 (9.51) 53.27 (12.41) 44.17 (9.11) 50.00 (11.94)
LDL-c (mg/dl) .39 109.37 (25.16)  93.48 (27.00) 112.02 (26.32)  103.66 (24.51)
AIP 27 0.09 (0.23) -0.13 (0.28) 0.06 (0.20) -0.10 (0.22)
CRR 35 4.31 (1.06) 3.30 (1.03) 4.24 (1.02) 3.55 (0.75)
CPI 27 0.42 (0.14) 0.63 (0.26) 0.42 (0.16) 0.51 (0.17)
AC 51 3.31 (1.06) 2.30 (1.02) 3.24 (1.02) 2.55 (0.75)

Furthermore, a non-significant difference
has been observed between the infected
and not infected groups according to their
ages (Error! Reference source not
found.). SBP, DBP and TC were increased
with increasing ages in both groups. In
addition, FPI and HOMA-IR were lower in
infected subjects in all age groups except
the younger ages had higher levels.

The TG levels were apparently higher in
previously infected subjects who aged <30
& > 50 years old and no obvious change
has been noticed in the middle age groups
in comparison with the control group. In

contrast, the HDL levels were lower in
infected group who aged <30 & > 50 years
and were higher in the middle ages when
compared with the same age group in the
control group. In addition, the infected
group shows lower values of LDL than not
infected in all age groups.

Regarding the atherogenic indices, the
AIP, CRR, and AC were increased and
CPI was decreased proportionally to ages.
The AIP, CRR, AC increased in younger
and older subjects and decreased in other
age groups. While CPI was increased in all
age groups.

Table 4 (Variation between infected and not infected subjects according to their ages)

Variables P value for Group 1(infected with covid-19) Group 2(control)
infectio* Means(SD) Means(SD)
age groups  18-29  30-39  40-49 >=50 18-29 30-39  40-49 >=50
N=12  N=48 N=38 N=9 N=14 N=48  N=22 N=9
SBP .40 1075  109.1 117.1 117.8 102.9 112.3 115.0 122.6
(mmHg) (16.03) (12.70) (15.27) (14.81) (9.95) (12.59) (10.12) (16.92)
DBP .80 68.33  69.38 72.63 75.56 66.43 71.25 72.05 76.11
(mmHg) (12.67) (10.75) (9.50) (10.14) (10.08) (10.24) (6.66) (7.82)
FBS .51 89.00 86.85 88.47 92.56 86.29 86.79 90.86  90.22
(mg/dl) (495 (7.31) (8.64) (9.15) (5.94) (7.77) (7.04) (2.39)
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Variables P value for Group 1(infected with covid-19) Group 2(control)
infectio* Means(SD) Means(SD)
age groups  18-29  30-39  40-49 >=50 18-29 30-39  40-49 >=50
N=12  N=48 N=38 N=9 N=14 N=48  N=22 N=9
FPI .54 1238 9.64 10.92 10.58 9.48 (6.48) 10.46 11.78  11.86
(mU/ml) (8.80) (6.36)  (5.40) (7.67) (5.29) (3.66) (5.08)
HOMA-IR .28 2.77 2.11 2.46 2.44 2.08 (1.59) 2.30 2.67 2.66
(2.08) (1.46) (1420 (1.76) (1.31) (0.92) (1.19)
HbA1C (%) .65 5.17 5.08 5.26 5.47 4,95 (0.38) 5.09 5.36 5.29
(0.34) (0.39) (0.39) (0.23) (0.42) (0.36) (0.55)
TC (mg/dl) .38 156.3  167.7 184.2 185.9 152.9 177.1 184.6  186.8
(23.08) (31.26) (28.89) (26.88) (22.67) (27.29) (26.99) (26.97)
TG (mg/dl) .53 112.3 1170 110.7 131.4 78.3 118.5 109.3  108.9
(58.75) (63.49) (52.63) (62.88) (24.73) (46.03) (27.96) (36.70)
HDL-c .89 5217  47.42 49.92  46.44 53.79 45.38 4468  48.11
(mg/dI) (12.82) (11.27) (12.84) (12.22) (13.99) (9.81) (8.77)  (11.89)
LDL-c 24 81.8 96.6 111.0 108.6 84.6 108.0 120.6  116.8
(mg/dl) (20.39) (26.86) (25.26) (28.99) (16.59) (24.32) (25.60) (22.17)
AIP .61 -0.06 -0.02 -0.04 0.06 -0.20 0.03 0.02 -0.02
(0.27) (0.31) (0.26) (0.24) (0.19) (0.23) (0.17) (0.21)
CRR .78 311 3.77 3.90 4.24 2.97 (0.65) 4.06 4.25 4.04
(0.66) (1.27) (1.08) (1.10) (0.95) (0.90) (0.87)
CPI .61 0.67 0.54 0.48 0.49 0.65(0.19) 0.44 0.39 0.43
(0.21) (0.24) (0.19) (0.34) (0.15) (0.10) (0.15)
AC .40 2.11 2.77 2.90 3.24 1.97 (0.65) 3.06 3.25 3.04
(0.66) (1.27) (1.08) (1.10) (0.95) (0.90) (0.87)

Table 5 shows the comparison between
previously infected & control groups
according to their BMI. The data revealed
non-significant  differences in  all
parameters between the two groups
whether being normal weight, overweight
or obese. An increase in all the tested
parameters was detected except HDL and
CPI which were decreased with increasing
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BMI in both groups. SBP, DBP, FBS, FPI,
HOMA-IR and HbAlc were lower in the
infected normal  weight  subjects.
Regarding the lipid profile parameters,
triglyceride levels were found to be non-
significantly lower in previously infected
normal weight subjects but higher in
previously infected over weight and obese
subjects, while LDL levels were found to
be non-significantly lower in previously
infected subjects regardless of their BMI
relative to the control group. HDL
increased in the infected normal weight
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and overweight and decreased in obese
subjects. AIP, CRR and AC decreased in
infected normal weight and increased in
obese, while CPI was increased in infected

normal BMI subjects in comparison to the

control group.

Table 5: (Difference between infected subjects and not infected subjects according to BMI)

P value for Group 1(infected with covid-19) Group 2 (control)
infection* Means(SD) Means (SD)
BMI Normal Over Obese Normal Over Obese
weight weight N=20 weight weight N=18
N=41 N=46 N=37 N=38
SBP(mmHg) 0.33 107.07 115.11 117.50 110.54 112.18 117.22
(14.14) (14.85) (12.09) (12.90) (12.76) (13.20)
DBP(mmHg) 0.24 67.32 72.07 75.75 70.41 71.18 72.78
(11.41) (9.92) (7.83) (9.89) (9.40) (8.95)
FBS(mg/dl) 0.50 84.66 89.54 92.10 85.81 88.08 92.39
(5.71) (8.08) (8.39) (7.46) (6.31) (6.47)
FPI (mU/ml) 0.26 6.34 11.75 16.05 8.08 11.10 15.55
(2.54) (5.90) (7.84) (4.91) (3.53) (4.85)
HOMA-IR 0.23 1.33 2.64 3.68 1.75 2.43 3.58
(0.56) (1.42) (1.87) (1.19) (0.86) (1.29)
HbALC (%) 0.27 5.04 5.26 5.32 5.09 5.12 5.35
(0.35) (0.42) (0.26) (0.46) (0.40) (0.43)
TC (mg/dl) 0.80 164.61 180.67 176.85 170.57 180.66 178.22
(29.22) (28.55) (34.57) (27.37) (29.17) (27.12)
TG (mg/dl) 0.14 83.78 131.37 143.70 94.43 117.34 123.00
(37.56) (63.06) (56.59) (37.88) (40.08) (39.93)
HDL-c 0.49 53.24 46.89 43.85 49.76 44.37 45.56
(mg/dI) (12.06) (11.81) (9.83) (11.13) (10.92) (8.65)
LDL-c 0.84 94.37 106.83 101.50 101.89 112.34 113.11
(mg/dl) (26.94) (27.02) (26.41) (24.00) (25.04) (29.17)
AlP 0.22 -0.19 0.05 0.13 -0.10 0.05 0.06
(0.23) (0.28) (0.22) (0.23) (0.22) (0.15)
CRR 0.47 3.27 4.07 4.18 3.59 4.24 4.01
(1.05) (1.14) (1.06) (0.99) (0.95) (0.80)
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P value for Group 1(infected with covid-19) Group 2 (control)
infection* Means(SD) Means (SD)
BMI Normal Over Obese Normal Over Obese
weight weight N=20 weight weight N=18
N=41 N=46 N=37 N=38
CPI 0.64 0.62 0.48 0.46 0.52 0.42 0.43
(0.25) (0.23) (0.18) (0.17) (0.16) (0.17)
AC 0.47 2.27 3.07 3.18 2.59 3.24 3.01
(1.05) (1.14) (1.06) (0.99) (0.95) (0.89)
onset hypertension was observed in 12%
of patients®.
However, our study showed a non-
DISCUSSION y

The present study was designed to identify
the long-term effects of covid-19 on the
demographic variables, glycometabolic
control, lipid profile parameters and
atherogenic indices in subjects previously
infected with mild or moderate covid-19
who did not need hospital care and had no
comorbidities. Hypertension, diabetes, and
cardiovascular diseases were identified as
common comorbidities in COVID-19
patients?®.

Endothelial cell injury plays a vital role in
the pathogenesis of multi-organ failure in
COVID-19. The endothelial cells express
ACE?2 receptors, and the viral entry causes
major clinical conditions such as high
blood pressure?®. The loss of ACE2
promotes  vasoconstriction, sodium
retention,oxidativestress and inflammation,
among other consequences 2L,

It was suggested that (16.08%) out of 199
subjects had either new onset arterial
hypertension or a worsening of an existing
hypertensive condition related to COVID-
19%2, SBP and DBP were significantly
higher in the post COVID-19 after about
one month than on admission and new
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significant decrease in SBP and DBP in
infected normal weight subjects and a
slight increase in overweight and obese
subjects as compared to the not infected

subjects.
It has been shown that DM is associated
with  COVID-19 pandemic®. More

interestingly, recent studies have also
indicated that COVID-19 patients without
a history of DM could experience a new
onset of diabetes?® 262728,

On the other hand, deterioration of
glycemic control, including episodes of
ketosis, ketoacidosis, or hyperosmolar
hyperglycemic state were detected in type
2 diabetes patients with COVID-19,
requiring exceptionally high doses of
insulin. Further, recent reports showed an
increase in new-onset type 1 diabetes,
possibly linked to COVID-19%.

However, the glucose distribution in
recovered  covid-19  non-hospitalized
patients was similar to that of the control
patients as it was proved in a 3 month
follow-up study®. This is consistent with
present study that showed a non-
significant variation in mean levels of the
glycemic related parameters between the
two groups in general. Although, in some
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of them minor changes occurred when
studied in terms of gender, ages and BMI.
FPI and HOMA-IR were non-significantly
higher in infected males and younger ages
whereas it is lower in infected with ages
>30 years old and in females compared to
the control group. High levels of glycemic
related parameters were seen in the
overweight and obese infected patients
relative to the control group.

Our data suggest that diabetes appear to be
a non-persistent effect of covid-19
infection in this non-hospitalized patient
cohort.

However, this suggestion could not be
taken for granted, as the patients were not
hospitalized, to include other severity
classes of COVID 109.

As observed with other infections,
numerous studies have reported that covid-
19 patients may show a decrease in total
cholesterol, LDL-C, and HDL-C levels
and variable changes in triglycerides in
patients with COVID-19 infections. With
recovery from COVID-19 infection, the
lipid levels return toward levels present
before infection. As expected, the greater
the severity of the illness, the greater the
reduction in LDL-C and/or HDL-C
levels®t,

Another study showed that the alterations
of lipid metabolism were much more
dramatic in fatal COVID-19 cases than in
mild and severe cases (survivors). For
survivors, many of their lipids had not
returned to normal before discharge from
hospital, even though SARS-CoV-2 could
not be detected and the major clinical signs
had disappeared in these patients based on
official discharge criteria®.

Previous follow up studies on recovered
covid-19 patients 3 and 6 months after

discharge revealed that various lipid
related parameters were down regulated
whereas TG remained significantly high in
especially in severe and critical cases
versus the control group. A small number
of patients showed a decline in LDL-c or
HDL-c levels of 15% as compared to the
time of admission®3,34 %,

These results came in line with the present
study’s observations that TC, LDL and
HDL were slightly and non-significantly
lower and TG was higher in recovered
subjects when compared with control
group.

Furthermore, it is noteworthy to mention
that this study showed a non-significant
decrease in FPI and IR in infected females.
They also showed an increase in HDL and
CPI and a decrease in LDL, AIP, CRR and
AC. Though, infected males showed a
slight increase in FPI, IR, AIP, CRR and
AC. This suggests that females are at
lower risk when getting infection than
males.

In addition, it is observed that the lipid
profile is mostly affected in the infected
younger and older age groups than in other
age groups. Moreover the obese subjects
were the most adversely affected group by
the infection. These results are consistent
with the finding that males, older ages and
obesity are some of the factors that
increase the risk of severe infection and
death from covid-193.

Further studies on COVID19 patients
follow-up are required to evaluate the
persistence  of diabetes and lipid
disturbances in patients who were more
severely affected during the acute stage of
the disease.

In conclusion, there was no significant
variation in the glycemic and atherogenic
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status between the previously infected and
not infected individuals except for non-
significant variations in some parameters
mostly some lipid profile parameters and
atherogenic indices. Also, slight changes
when studied in terms of gender, age and
BMI. The recovered covid-19 patients not
hospitalized are not at risk in the future for
developing diabetes and/or atherosclerosis.
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