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Homocysteine is a possible risk marker in hematological complications of COVID-19 infection. This study
aimed to elucidate the significance of homocysteine as a biomarker for COVID-19 infection, and the relation
of homocysteine with COVID-19 severity in obese people and diabetic patients. The study groups were
1- COVID-19 patients + Diabetic + Obese (CDO), 2- COVID-19 patients + Diabetic (CD), 3- COVID-19
patients + Obese (CO), 4- Healthy Group (HG). Serum levels of homocysteine, IL-6, D-dimer, vitamin B12,
and folate were measured by a fully automated biochemistry device Cobas 6000 analyzer series. The mean
serum concentration of homocysteine in the COD, CD, CO and H groups were 32.0114, 23.604, 19.4154, and
9.3206 umol/l respectively. The mean concentration of homocysteine levels between every two groups was
statistically significant differences (P<0.05) except for the CD and the CO group (P=0.957). In the CDO group,
the males have higher mean concentrations than females (P<0.05). The means of homocysteine concentrations
in the CDO group among different age groups were different (P <0.001). The serum homocysteine level in
the CDO group has a strong positive correlation (R=0.748) with D-dimer and a strong negative correlation
(R=-0.788) with serum folate, while its correlation with serum vitamin B12 is moderate negative (-0.499) and
its correlation with serum IL-6 is weakly positive (R=0.376). The AUC value for homocysteine in predicting
COVID-19 in the CDO group was 0.843, while 0.714 for the CD group, and 0.728 for the CO group. The
serum homocysteine concentration test for all study groups was compared to the serum IL-6 test and the sen-
sitivity was equal to 95% and its specificity was 67.5%. Serum homocysteine has potential predictive power
in COVID-19 patients, and the severity of COVID-19 infection and the type of comorbidity is associated with

higher sensitivity and specificity of homocysteine serological tests.
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Introduction

Homocysteine is an unnecessary sulfur-containing
intermediate amino acid that is not present in the food;
homocysteine is formed during the metabolism of methio-
nine, homocysteine can be converted into cysteine or re-
cycled into methionine with the help of B vitamins. The
normal range of homocysteine is between 5-15 pmol/L,
and the range is varied between males and females (1,2).

An increase in the level of homocysteine is called hy-
perhomocysteinemia which is said if the level of homo-
cysteine is above 15 pmol/L. Hyperhomocysteinemia is an
independent risk factor related to many diseases and has
a synergistic effect on them like cardiovascular diseases,
cerebrovascular diseases, and thromboembolic diseases;
however, hyperhomocysteinemia can be asymptomatic
(3.,4).

The evaluation and management the hyperhomocys-
teinemia remain a matter of debate as results of previous
studies revealed conflicting findings in their effects on
lowering the risk of cardiovascular diseases and cerebro-
vascular diseases. In patients with homocystinuria, which
is a rare autosomal recessive disease and the patient deve-
lops atherosclerotic diseases at a young age, there is clear
evidence that lowering the homocysteine level will mini-

mize the possibility of acquiring atherosclerotic diseases
in young adults (5); also, it is found that lowering homo-
cysteine level will slow down the brain atrophy (6). On the
other hand, the use of homocysteine-lowering drugs did
not prevent stroke (7) and did not reduce the probability of
ischemic heart disease (8).

The level of Homocysteine is generally characterized
into three major groups: moderate rise (16 to 30 p/L), in-
termediate rise (31 to 100 p/L), and severe rise (over 100
wL) (9).

The enzyme Methylene Tetrahydrofolate Reductase
(MTHFR), a significant gene in the folate pathway, with
the help of B vitamins (vitamin B6, vitamin B12, and fo-
late) prepares a methyl group for the re-methylation of ho-
mocysteine back to methionine and cysteine (10,11). The
conversion of homocysteine into methionine is catalyzed
by a process called re-methylation, this conversion has
happened with the help of vitamin B12. Then methionine
may be broken to reform homocysteine. The conversion
of homocysteine into cysteine is occurred by the enzyme
cystathionine B-synthase. Disruption in the previous steps
of homocysteine metabolism can lead to hyperhomo-
cysteinemia. There are multiple causes of abnormalities
in the metabolism of homocysteine metabolism, but the
most common etiologies of increased homocysteine level

* Corresponding author. Email: haithim.shawket@yahoo.com
Cellular and Molecular Biology, 2023, 69(2): 52-59

52



Haitham Shawkat Ahmed and Saman Hussein Noori / Serum homocysteine as a biomarker in COVID-19, 2023, 69(2): 52-59

are insufficient MTHFR enzyme activity because of ge-
netic defects (12). In addition, the homocysteine plasma
concentrations increment can happen due to the genetic
deficiencies in enzymes that existed in the homocysteine
metabolic pathway, lack of vitamins like these enzymes
cofactors, drug usage and some clinical situations (1).

Because B vitamins have a crucial role in homocys-
teine metabolism, deficiencies in B vitamins are associa-
ted with hyperhomocysteinemia, so conditions associated
with vitamin B12, B6, or folate deficiency as in alcoholics,
the use of proton pump inhibitors may theoretically pre-
dispose to hyperhomocysteinemia (13). Other conditions
and diseases that are associated with hyperhomocystei-
nemia include hip fracture, hypothyroidism, Alzheimer’s
disease, schizophrenia, osteoporosis, and chronic kidney
failure (6).

It is estimated that 5-7% of general populations have
mild hyperhomocysteinemia and researchers proposed
that hyperhomocysteinemia is related to an increased risk
of thrombotic conditions, and lowering the homocysteine
level will partially reduce the risk of stroke (2).

The elevated level of homocysteine is a risk factor for
endothelial cell injury, which will promote vascular injury
and induce an inflammatory response, which will cause
thrombus formation (13). Since COVID-19 infection has a
prothrombotic effect and because hyperhomocysteinemia
has a similar consequence, it is important to understand
the role of hyperhomocysteinemia in disease progression
among COVID-19 cases (14).

Elevation in homocysteine level may be asymptoma-
tic, or the patient is presented with the underlying cause
of hyperhomocysteinemia such as vitamin B12 deficiency,
vitamin B6 deficiency, or folate deficiency, or the presen-
tation may be related to features of hyperhomocysteinemia
complications like stroke, ischemic heart diseases, osteo-
porosis, or cognitive dysfunction (15).

In the evaluation of hyperhomocysteinemia, the patient
is subjected to history taking, then a thorough physical
examination with special attention to homocystinuria
which is a rare dangerous disease (4). If homocystinuria
is excluded, then extra investigations and management
for hyperhomocysteinemia remain controversial. Some
researchers and health institutes do not recommend any
further management, while others advise the use of folic
acid would reduce the disease progression in those with
thrombotic complications such as carotid atherosclerosis;
furthermore, patients with cognitive dysfunction will get
benefit from B vitamin supplements in the management
of cognitive impairment (5). Carotid atherosclerosis may
cause carotid stenosis, a decrease in blood supply to the
brain tissue and finally, severe stroke. Han et al proved the
relation between serum homocysteine levels and carotid
atherosclerosis in H-type hypertension patients (16).

One of the possible risk markers in hematological com-
plications of COVID-19 is homocysteine, it is a non-pro-
teinogenic amino acid resulting as an intermediate during
methionine metabolism. Hyperhomocysteinemia, the in-
crease in the level of homocysteine, is suggested to be a
risk factor and/or marker of cardiovascular disease (17).
The homocysteine is metabolized to methionine or cys-
teine with the help of B vitamins. Hyperhomocysteinemia
may contribute to atherogenesis and increase the risk of
atherosclerosis and coronary heart diseases (18). In other
word, according to the studies, homocysteine is very rela-

ted to coronary heart disease occurrence, hypertension and
has a vital relationship with heart failure intensity (19).
Moreover, abnormalities in homocysteine metabolism can
cause an imbalance in the body oxidation-reduction reac-
tions with an increase in oxidative stress which will result
in increased oxidation of proteins, carbohydrates, and li-
pids (17). Many previous studies revealed that some viral
infections are associated with an increase in homocysteine
levels as HIV infection, viral hepatitis, and human papillo-
maviral infections (20).

This study aimed to know the significance of homo-
cysteine as a biomarker for COVID-19, and the relation
of homocysteine with COVID-19 severity in obese people
and diabetic patients. This study addresses the levels of
homocysteine amino acid in COVID-19 cases having DM
and obesity simultaneously. The study tries to predict the
main interactions between this biochemical marker and
COVID-19 infections in DM with obese people. In addi-
tion to homocysteine, five other blood markers will be elu-
cidated, these are IL -6, D-Dimer, vitamin B12, Folate, and
blood sugar.

Materials and Methods

This case-control study was conducted at Shaheed He-
man Hospital /Sulaimani City/Iraq. It enrolled 200 partici-
pants, the study group, COVID-19 patients with diabetes
mellitus and obesity group (n=50) abbreviated as CDO,
and three other groups: COVID-19 patients with diabetes
mellitus group (CD group, n=50), the COVID-19 patients
with obesity group (CO group, n=50), and the third group
include healthy persons (H group, n=50). The study ex-
tended from 1 December 2022 till July 2022.

Approval was obtained from the ethical committee of
the College of Medicine/Sulaimani University and infor-
med consent was obtained from each participant before
he/she was enrolled in the study.

Age and gender were recorded for each participant.
Nearly 7 ml of blood was aspirated from each partici-
pant, then blood was centrifuged and serum separated
then stored at — 20 °C till performing the laboratory tests.
Measurement of serum levels of total homocysteine, 1L.-6,
D-dimer, vitamin B 12, and folate was performed by fully
automated biochemistry device Cobas 6000 analyzer in
the serum of participants using homocysteine Kit (HCY'S
Roche/Germany), 11-6 Kit (ELECSYS IL-6 Roche/Ger-
many), D-Dimer Kit (D-DI2Roche/Germany), vitamin
B12 Kit (ELECSYS VITAMIN B12 Roche/Germany),
and Folate Kit (ELECSYS FOLATE III Roche/Germany)
respectively.

Results

The current study included 200 participants with an
overall mean + Sd of ages 65.32 = 8.33, with ages, range
41 — 84 years old. The overall gender distribution was
81(40.5%) male and 119 (59.5%) female. The participants
had distributed into four groups, CDO group, CD group,
CO group, and H group, their mean = Sd of age was 66.66
+ 7.7, 65.98 + 9.39, 63.70 £+ 8.37, and 64.96 + 7.68 res-
pectively.

In this study, we measured the concentrations of homo-
cysteine, IL-6, D-dimer, vitamin B 12, and folate in three
COVID-19 groups and healthy control groups In Sulai-
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mani City/Iraq.

The means serum concentration of homocysteine in the
CDO group, CD group, CO group, and healthy group were
32.0114, 23.604, 19.4154, 9.3206 umol/l respectively, the
highest homocysteine range was in the CD group (6.44-
120 umol/l) while the lowest range was in H group (5.5-
12.28 umol/l); the differences in means of homocysteine
levels among study groups were statistically highly signi-
ficant (p<0.001), Table 1).

The concentrations of IL-6 mean serum levels for the
CDO group, CD group, CO group, and H group were
187.534, 33.6174, 33.4952, 4.0292 pg/mL respectively,
with the widest range in the CDO group equal to 2.53-
1918 pg/mL while least range in H group (2-6.5 pg/mL),
the differences in the means among the four groups were
statistically significant (p=0.0001), Table 1).

The mean D-dimer concentrations were 3744.12,
3676.06, 2308.1, 181.362 ng/mL for the CDO group, CD
group, CO group, and H group respectively; the highest
range in D-dimer was in the CDO group (110-13150 ng/
mL) while its lowest range in H group (60-398 ng/mL)
and the differences among these results were statistically
highly significant (p<0.001), Table 1).

The means of vitamin B12 concentrations in sera of
studied groups, CDO group, CD group, CO group, and
H group, were 733.533, 716.339, 688.02, 345.378 pg/mL

respectively, the range of vitamin B12 was highest in CD
group (73.23-2970 pg/mL) and lowest in H group (114.9-
701 pg/mL), the difference among these results were sta-
tistically significant with a p-value equal to 0.005. The fo-
late level was measured for all participants and the means
in level for the CDO group, CD group, CO group, and H
group were 8.8012, 5.995, 5.0394, 10.063 ng/ml respecti-
vely; the range was highest in the CD group at 0.72-28 ng/
ml and lowest in H group 7.4-15.3 ng/ml, the differences
in results were statistically highly significant (p<<0.001);
all the above results are illustrated in the table (1).

The analysis of differences in the mean concentrations
of homocysteine levels between every two groups of the
following groups: CDO group, CD group, CO group, and
H group, revealed the presence of statistically signifi-
cant differences (p<0.05) except the differences between
CD group and CO group was not statistically significant
(p=0.957), as explained in Table 2.

The differences in the mean homocysteine levels in
males and females were analyzed (Table 3). In the CDO
group, the males have higher mean concentrations (34.4595
+23.30167 umol/l) than females (30.5114+19.32223
umol/l), (p<0.001). comparable results were found in the
CD group with mean homocysteine concentration in males
equal to 24.3465+22.52687 umol/l while for females equal
t022.9715+16.53789 umol/l, the p value<0.001. While the

Tablel.Distribution of the serum parameters among the participant groups.

Parameters Participant groups N Mean Std. Deviation Minimum  Maximum  p value
Diabetes and Obese 50 32.0114 20.7795 8.9 80
Diabetes 50  23.604 19.3246 6.44 120 <0.001
Homocysteine Obese 50 19.4154 8.42164 5.9 37.1 '
Healthy 50  9.3206 1.82283 5.5 12.28
Diabetes and Obese 50 187.534 501.303 2.53 1918
Diabetes 50 33.6174 45.5511 2 200.9
IL-6 0.001
Obese 50 33.4952 55.5184 2 287
Healthy 50  4.0292 1.04097 2 6.5
Diabetes and Obese 50 3744.12 4368.88 110 13150
. Diabetes 50 3676.06 4319.78 36.8 13000
D-dimer <0.001
Obese 50  2308.1 2772.46 189 13200
Healthy 50 181.362 95.7178 60 398
Diabetes and Obese 50  733.533 679.854 497 2710
. Diabetes 50 716.339 703.46 73.23 2970
Vitamin B12 0.005
Obese 50  688.02 751.977 74.93 2900
Healthy 50 345.378 112.245 114.9 701
Diabetes and Obese 50 8.8012 6.74073 2.1 28
Diabetes 50 5.995 5.92451 0.72 28
Folate <0.001
Obese 50  5.0394 2.63103 1.14 14.73
Healthy 50 10.063 1.81206 7.4 15.3
Table 2. The significance of homocysteine means differences among the study groups.
Serum parameter Group Groups Mean difference P value
Diabetes 8.41 0.03
Diabetic and obese Obese 12.60 <0.001
. Healthy 22.69 <0.001
Homocysteine
. . Obese 4.19 0.957
Diabetics
Healthy 14.28 <0.001
Obese Healthy 10.09 0.005

54



Haitham Shawkat Ahmed and Saman Hussein Noori / Serum homocysteine as a biomarker in COVID-19, 2023,

69(2): 52-59

means of concentration of homocysteine in the CO group
and H group were higher in women than in men with mean
concentrations in the CO group was 18.8395+8.49199
umol/l in males and 19.7684+8.49914 umol/l in females;
whereas for H group they were 9.1475+1.72289 umol/l
and 9.436+1.90657 umol/l for males and females respec-
tively, and the differences in CO group and H group were
statistically significant (p<0.001), as clarified in Table
3. the estimated marginal difference revealed that males
have higher concentrations in CDO and CD groups than
females but the inverse happens as concentrations decline
in CO and H groups, Figure 1.

The participants in each of the four study groups were
divided into three age groups, these are 40-55 years,
56-70years, and >70 years. The means of homocysteine
concentrations in the CDO group among the three different
age groups were different and these differences were sta-
tistically significant (p-value <0.001), similar results were
observed in the other three groups, as clarified in Table 4.

The highest mean homocysteine concentrations were
in the age group >70 years old in the CDO group, in the
age group 55-70 years among the CD group, in the age
group 40-55 years old for the CO group, and in the age
group >70 years among healthy participants; these results
are shown in Figure 2.

The serum homocysteine level in the CDO group has
a strong positive correlation (r=0.748) with D-dimer and a
strong negative correlation (r= - 0.788) with serum folate,
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Figure 1. The estimated marginal means of homocysteine concentra-

tions among males and females in different study groups.

50.00

40.00

30.00

200

Estimated Marginal Means

Age groups
40 - 55 Years
W55 - 70 years
> 70 years

Diabetes and
&)

bese Patients

Diabetes Patients  Obese Patients

Healthy

Figure 2. Means of homocysteine concentrations in different age

groups of study populations.

Table 3. The gender differences in mean levels of homocysteine in different study groups.

Homocysteine pmol/l

G 1
roups Gender Mean S.t d'. N p value
Deviation
. Male 34.4595 23.30167 19
<
Diabetes and Obese Female 30.511 19.32223 31 0.001
Male 24.3465 22.52687 23
Di i <0.001
iabetic Female 229715 16.53789 27 0.00
Male 18.8395 8.49199 19
<0.
Obese Female 19.7684 8.49914 31 0.001
Male 9.1475 1.72289 20
<0.
Healthy Female 9.436 1.90657 30 0.001
Table 4. The mean homocysteine concentrations among different age groups of the study populations.
G A y Homocysteine pmol/l N I
r I r
oups ge groupsiyears Mean Std. Deviation p value
40 - 55 26.96 19.85 4
. 56 -70 30.73 20.02 30
<
Diabetes and Obese > 70 35.68 23.08 16 0.001
Total 32.01 20.78 50
40 - 55 20.57 8.51 6
56 -170 25.62 23.54 31
Diabeti <0.001
1abete >70 20.20 9.05 13
Total 23.60 19.32 50
40 - 55 21.39 6.02 6
Obese 56 -170 19.36 8.81 33 <0.001
>70 18.49 8.82 11
Total 19.42 8.42 50
40 - 55 9.42 1.88 5
Healthy 56 -170 8.97 1.85 34 <0.001
> 70 10.37 1.39 11
Total 9.32 1.82 50
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while its correlation with serum vitamin B12 is moderate
negative (-0.499); finally, its correlation with serum IL-6
is weakly positive (r=0.376). In the CD group, the serum
homocysteine levels have a strong positive correlation
(r=0.615) with serum IL-levels, whereas homocysteine
has a weak positive correlation (r=0.298) with D-dimer,
while weak negative relation (r=-0.224) with vitamin B12
and moderate negative relation (r=-0.412) with folate. The
correlation among all other markers (serum IL-6, serum
D-dimer, serum vitamin B12, and serum folate) was either
weak positive or weak negative. The CO group revealed
weak or very weak correlation either positive or negative
between the concentrations for every two parameters in-
cluding homocysteine, IL-6, D-dimer, vitamin B12, and
folate. In the healthy group, only the correlation between
D-dimer concentrations and IL-6 concentrations have a
moderate positive correlation (r=0.397), all other correla-
tions among the parameters were either very weak or weak,
positive, or negative, as clarified in Table 5 and Figure 3.

A receiver operator characteristic (ROC) curve was
performed to assess the potential predictive power of ho-
mocysteine for COVID-19 patients in all patients, (Figure
3). The area under the curve (AUC) value for homocys-
teine in predicting COVID-19 was 0.854. The results of
the ROC curve analysis indicated that homocysteine had
very good predictive efficiency for predicting COVID-19
in all patients.

The serum homocysteine concentration test for all stu-
dy groups was compared to the serum IL-6 test and the
results revealed that homocysteine sensitivity was equal to
95% and its specificity was 67.5%. In CDO group was ha-
ving a sensitivity equal to 100% and a specificity of 80%,
while in CD group, it has a sensitivity equal to 90% with a
62.5% specificity, in the CO group, had a sensitivity equal
to 80% with a 55% specificity.

Discussion
The homocysteine levels in different COVID-19 stu-

dy groups were elevated above the normal range which
is equal to 5-15 pmol/L, and the elevation in the mean

ROC Curve

08

LE-

Sensitivity

od o8 T
1 - Specificity

Diagonal segments are produced by lies

Figure 3. Receiver operating characteristic curve of homocysteine for
predicting COVID-19 in all patients.

concentration of each COVID-19 group was progressive
and starting from 19.4154 in obese COVID-19 patients,
then 23.604 in diabetic COVID-19 group, the highest is
32.0114 in diabetic and obese COVID-19 group; these
results clarify the association between the presence of
comorbidity and higher homocysteine concentration, in
addition, the presence of more than one comorbidity is
related to more increment in homocysteine level than if
the patient has only one comorbidity.

Wang, J, et al, (21) recorded the relationship between
obesity and hyperhomocysteinemia (HHcy), which is
comparable to the results of the current study; both obe-
sity and HHcy are risk factors for cardiovascular diseases,
and their presence in the elderly COVID-19 patient will
increase the mortality rate from ischemic heart diseases.
Previous studies reported that abnormal accumulation of
fat in the abdomen is a risk factor for HHcy (22,23).

HHcy is mostly due to improper metabolism of homo-
cysteine, this metabolism needs B vitamins, so any de-
crease in these vitamins will cause HHcy, it is a common

Table 5. The correlation coefficients among different parameters in different study groups.

Group Parameter Correlation coefficient P value
IL-6 0.165 0.25
CDO D-dimer 0.123 0.396
N=50 Vitamin B12 —0.254 0.075
Folate 0.013 0.929
D IL-6 0.6155 0.008
N=50 ’D-d%mer 0.298 0.035
Vitamin B12 -0.224 0.117
Folate -0.412 0.003
IL-6 0.165 0.25
N(i‘s)o D-dimer 0.123 0.396
Vitamin B12 -0.254 0.175
Folate 0.013 0.929
IL-6 -0.21 0.14
I D-dimer —0.096 0.51
Vitamin B12 0.162 0.26
Folate —0.065 0.64
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finding in COVID-19 hospitalized patients to be associa-
ted with folate deficiency (24); the folate deficiency will
cause HHcy; so, patients with COVID-19 are at risk of
developing HHcy.

DM patients usually have a normal level of homocys-
teine, but high and low homocysteine levels are also re-
corded in diabetic patients (25); it is recognized previously
that each of DM, HHcy, and COVID-19 is associated with
vascular inflammation and injury, thus patient has all these
three vascular risk factors will be at high risk of develo-
ping cardiovascular disease due to their synergistic effect
(26).

The homocysteine level in COVID-19 patients groups
revealed a relationship between the level of this amino
acid and the type of morbidity; if the COVID-19 patients
have DM with obesity their homocysteine was signifi-
cantly different from the healthy group and this difference
was decreased when homocysteine level of CDO group
was compared to CO group and the least difference when
it compared to CD group; this result reflects the effect of
DM on an elevation of homocysteine level is higher than
obesity or healthy people, and obesity has a more negative
effect on homocysteine level than in healthy people. DM
may affect the homocysteine level by inducing homocys-
teine biosynthesis enzyme/enzyme dysfunction, another
possible cause is drugs that are used for the management
of DM, and their side effect may cause hyperhomocystei-
nemia (27).

On the other hand, obesity alone may affect homo-
cysteine levels as obese patients may have a reduced in
methylenetetrahydrofolate reductase enzyme which in turn
important to produce 5-methyltetrahydrofolate, the crucial
vitamin in the conversion of homocysteine into methio-
nine (28), thus hyperhomocysteinemia may be a feature in
some obese patient even without COVID-19 due to effect
of obesity on homocysteine metabolism (29). The pres-
ent study showed that a COVID-19 patient with DM and
obesity at the same time has more effect on homocysteine
level than if one of them is present in the COVID-19 pa-
tient, thus multiple comorbidities in the same COVID-19
patient cause a significant elevation in homocysteine level.
The findings of the current study revealed no significant
differences in homocysteine levels in the COVID-19 DM
group or COVID-19 obesity group, thus the effect of DM
on homocysteine levels in COVID-19 patients is compa-
rable to obesity.

In the current study, the mean homocysteine level in
the healthy group was significantly higher in females than
males which is against the results of Mayer O Jr, et al (30);
actually, men need more folate than women to proceed
with the folate concentration in RBCs due to higher body
mass in men, so relatively men are more prone to develop
folate deficiency than women, the folate deficiency will
affect the homocysteine metabolism causing higher homo-
cysteine concentration in men, Cohen E, et al, did a large
cross-sectional study and found that plasma homocysteine
level and its prevalence was higher in males than females
among the population (31).

For the CDO group and CD group, the means homocys-
teine levels for males were significantly higher for males
than females, this is the first study that compared gender
differences in homocysteine levels in COVID-19 patients
with DM and obesity; during searching in the literature, no
similar study was found.

Kazuhiro Oishi, et al (32), found higher homocysteine
levels in diabetic patients compared with non-diabetic pa-
tients but did not include gender and COVID-19 as risk
factors for hyperhomocysteinemia, it seems that the level
of serum homocysteine in the presence of multiple fac-
tors like gender, COVID-19, DM, vitamin B12 and folate
concentrations, diabetic control, and different medications
for DM and COVID-19 in single male or female make it
difficult to appoint the exact risk of hyperhomocysteine-
mia.

The mean homocysteine levels remained within the nor-
mal level in all age groups in healthy adults with the highest
mean value in age group >70 years (10.37£1.39umol/l);
Hsu-Ko Kuo, et al (33) did a systematic review on homo-
cysteine and found an increase in homocysteine level with
an increase in an age which is in accordance to findings in
this study, while in COVID-19 patients, the current study
revealed a highest mean level equal to 21.39+6.02umol/l
in the age group 40-55 years in CO group, in CD group the
highest was in 56-70 years old (25.62423.54), and in CDO
group in age group >70 years old (35.68+23.08); these
findings showed an increase in mean homocysteine level
with an increase in age among COVID-19 patients with
different comorbidities.

The results revealed a strong positive correlation
between homocysteine and D-dimer this reflects the high
thromboembolic situation in COVID-19 and may have
bad complications in COVID-19 patients as both two mar-
kers in favor and reflect thrombus formation in the blood
vessels. This concomitant elevation in homocysteine and
D-dimer can be used to assess the patient’s condition and
the COVID-19 severity. The findings of Adem Keskin, et
al, were like the results of the current study (20); while,
Fridon Todua, et al, found a positive correlation between
homocysteine and D-dimer in patients with pulmonary
embolism (34).

The homocysteine level in the current study had a
negative correlation with serum folate; the mechanism
behind this result is related to the metabolic association
between them, as folate is needed in homocysteine meta-
bolism for the conversion of homocysteine to methionine,
so if there is a decline in folate levels as described in some
COVID-19 patients in the current study, there will be an
accumulation of homocysteine (35).

The association between homocysteine level and vita-
min B-12 is moderately negative. Vitamin B-12 is impor-
tant in homocysteine metabolism so a decrease in vitamin
B-12 is associated with an increase in homocysteine (36).
Shakoor H, et al, (37) recorded results in line with the fin-
dings of this study.

The homocysteine had a positive weak correlation with
IL-6, this positive association is expected as COVID-19 is
associated with the inflammatory process which is mani-
fested by elevated IL-6 and homocysteine; Mu, ZJ., et al,
reported a comparable association between homocysteine
and IL-6 among elderly people (38).

The ROC was utilized to clarify the importance of
homocysteine as a serological diagnostic marker in CO-
VID-19 infection; the potential predictive power was im-
proved when all COVID-19 study groups were included,
while when studied separately, the homocysteine was ha-
ving the pest predictive value in the CDO study group, fol-
lowed by CD, then CO groups. In line with current results,
Ponti G, et al, concluded that homocysteine is an important
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predictor of cardiovascular complications in COVID-19
(39). When the sensitivity and specificity of the homocys-
teine test in the COVID-19 study, groups were compared
to each other, the best way in the CDO group, followed by
the CD group, then the COa group, these findings indicate
that the severity of a patient’s condition and the severity of
comorbidity is associated with homocysteine test sensiti-
vity and specificity.

In COVID-19 patients, comorbidity like obesity or
DM is associated with a high level of homocysteine and
both DM and obesity have a strong relationship with
hyperhomocysteinemia, and their presence in the same
COVID-19 patient has a synergistic effect on the eleva-
tion of homocysteine levels. The high homocysteine level
in COVID-19 tends to be associated with a high level of
D-dimer, a high level of IL-6, and a low level of folate
and vitamin B-12. Serum homocysteine has potential pre-
dictive power in COVID-19 patients, and the severity of
COVID-19 infection and the type of comorbidity is asso-
ciated with higher sensitivity and specificity of homocys-
teine serological tests.
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