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Abstract. - OBJECTIVE: Hyperhomocyste-
inemia is a well-known marker that is associat-
ed with an increased risk of atherosclerosis due
to its toxic effect on endothelial cells. This, in
turn, leads to cardiovascular injury and increas-
es morbidity. Different studies have shown alter-
ations in the levels of homocysteine with respect
to multiple disease states. Whether this non-tra-
ditional marker is associated with cardiovascu-
lar injury or not is subject to conflicting results.
The purpose of this systematic review is to eval-
uate the role of homocysteine in the formation of
atherosclerotic cardiovascular disease in young
adults and children.

MATERIALS AND METHODS: This systemat-
ic review was conducted following Preferred Re-
porting ltems for Systematic Reviews and Me-
ta-Analysis guidelines (PRISMA). A search was
done using specific keywords, including “homo-
cysteine”, “coronary artery disease”, and “ath-
erosclerosis”, amongst several others, from the
databases of PubMed, COCHRANE, and EBS-
CO. The data items included the diseased sample
population along with the intervention used, or in-
vestigations carried out and the findings of the
studies. Finally, 35 eligible studies were included.

RESULTS: Young patients with atheroscle-
rotic cardiovascular disease were more likely
to have elevated levels of homocysteine com-
pared to elderly patients. Elevated levels of ho-
mocysteine have been observed with several ge-
netic, nutritional deficiencies, and autoimmune
states such as rheumatoid arthritis. On the oth-
er hand, decreased levels of homocysteine have
been observed after certain intervention treat-
ments, such as oral contraceptive pills, L-thyrox-
ine, and even the adoption of certain diets. In the
majority of studies, whenever homocysteine lev-
els were higher than normal, this was reflected
by an increased carotid intima-media thickness.

CONCLUSIONS: Homocysteine has a high
correlation with atherosclerotic cardiovascu-
lar disease in young and overweight patients. In
addition, the relationship of homocysteine with
smoking, genetic polymorphism, specific hor-
monal and renal disorders, nutritional deficien-

cies (vitamin B12 and folic acid), and the use of
specific medicines are among the other recur-
ring findings. Given that many of these studies
focus only on women, the relationship between
homocysteine and atherosclerotic cardiovascu-
lar diseases in males is still unclear. Whether
males are more prone to hyperhomocysteinemia
needs to be assessed. Still, precise process-
es underlying variations in homocysteine in re-
lation to all influencing factors are unclear and
need further studies.

Key Words:
Coronary artery disease, Vascular disease, Athero-
sclerosis, Homocysteine.

Introduction

Among the numerous markers that have been
studied in the literature to determine the likeli-
hood of cardiovascular disease (CVD)"4, homo-
cysteine is considered to be one of the promising
independent, non-traditional and debatable risk
factors for coronary artery disease’. The biolog-
ical substance homocysteine itself is actually an
amino acid that is formed by the conversion of
methionine to cysteine®. More severe elevations
can be seen in patients with defects or mutations
of the metabolic enzymes involved in the conver-
sion process, which include cystathionine B-syn-
thase and 5,10-methylene tetrahydrofolate reduc-
tase (MTHFR)®. Elevations of homocysteine are
seen in individuals with deficiencies of vitamin
B12 or folic acid, but these alterations are mod-
est’. Other scenarios that can result in hyperho-
mocysteinemia include methotrexate overdose/
toxicity or in patients with impaired liver or renal
function®.

The main concern regarding high levels of
circulating homocysteine is its impact on endo-
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thelial cells lining vessels. It also interferes with
low-density lipoprotein oxidation and has pro-
thrombotic properties’. In addition, many patients
with CVD have high levels of non-traditional risk
factors, including homocysteine’. The burden of
disease in younger individuals with atheroscle-
rotic cardiovascular diseases (ASCVD) is a rising
problem globally'®!!. Due to the possible loss of
lifetime productivity and greater lifetime health-
care expenses, the burden of ASCVD in young
adults is a significant public health issue.

Well-known facts that increase the risk of AS-
CVD include smoking, diabetes, hyperlipidemia,
hypertension, metabolic syndrome, prothrom-
botic conditions, and a proinflammatory state®.
Smoking raises the risk of peripheral arterial
disease and abdominal aortic aneurysm by five
times, as well as the risks of CVD, stroke, and
sudden cardiac death by two and three times, re-
spectively®. In fact, it is the presence of multiple
confounding factors that have led to conflicting
findings with respect to homocysteine levels and
CVD. The purpose of this systematic review is
to compile all the existing literature on homocys-
teine and its effect on ASCVD in young adults
and children. These results will help to deter-
mine which disease states, patient characteristics,
drugs/interventions, and markers affect homocys-
teine levels and, indirectly, the risk for CVD. This
can then be used clinically to decide the appropri-
ate management based on the homocysteine lev-
els recorded from blood investigations.

Materials and Methods

Search Strategy

This review was carried out according to the
Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) guidelines
(Figure 1). The time frame of articles selections
ranged from January 2015 to September 2022.
The databases searched included PubMed, CO-
CHRANE, and EBSCO. The search strategy in-
volved using specific keywords in combination
with the conjunctions “OR” and “AND”. These
keywords included “coronary artery disease”,
“coronary disease”, “coronary heart disease”,
“vascular disease”, “atherosclerosis”, “arterio-
sclerosis”, and “homocysteine “. In the second
phase, two separate reviewers examined the
search results; initially, they looked at the titles
and abstracts and omitted any studies that were
not relevant. Abstracts that were related to our

subject matter were considered for a full review.
The entire texts of all pertinent articles and those
that required more thorough study were then ob-
tained and checked for eligibility once again.

A total of 2,596 studies were screened. After
pre-screening was done and removal of all dupli-
cates, 572 studies were eliminated from the total
of 2,596. Titles and abstracts were then reviewed
by two independent investigators to include only
those studies relevant to the topic of interest. In
this phase, about 1,983 studies were excluded. All
41 remaining studies were carefully reviewed for
inclusion criteria and there were 6 studies that did
not fulfill the inclusion criteria. Finally, about 35
studies were included in the final systematic re-
view analysis. The details are mentioned in Fig-
ure 1, which shows the flow diagram of the whole
article selection process according to the PRIS-
MA guidelines.

Inclusion and Exclusion Criteria

The inclusion criteria were studies that includ-
ed homocysteine as a cause of premature myo-
cardial infarction or coronary artery disease for
patients below the age of 45, regardless of gender.
Case-control, cohort, and cross-sectional types
of study of human subjects published in English
were included. Exclusion criteria included studies
published before January 2015 and after Septem-
ber 2022. Conference abstracts, review articles,
research thesis, editorials, commentaries, opin-
ions, viewpoints, case reports, and systematic re-
views were all excluded. Duplicates and retracted
articles that did not fulfill the inclusion criteria
were automatically filtered out.

Data Review and Extraction

The databases PubMed, COCHRANE, and
EBSCO were searched, and the keywords were
entered. All results were then exported to End-
note 20.0, where the titles and abstracts were re-
viewed. Data collected was then compiled into
tables. Two independent authors served as study
reviewers and extracted the following data items:
authors, type of study, intervention group, con-
trol/comparison group, measurable outcomes,
and findings.

Statistical Analysis

This meta-analysis was performed using the
online Med Calc software (https:/www.medcalc.
org/manual/meta-analysis.php). We calculated
the mean difference (MD) for studies that used
precisely the same measurement methods and
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Figure 1. Flow diagram of article selection according to the PRISMA guidelines.

units for Homocysteine as biomarker of CVD.
We also compared the standard mean difference
(SMD) for the studies selected that used differ-
ent measurement methods and units for similar
outcomes. About 15 studies were included in the
meta-analysis. Data analyses were conducted
with P statistics to detect heterogeneity and me-
ta-regression analysis was done to find the source
of heterogeneity. When I values were <50%, we
would use the fixed-effects model; otherwise, the
random-effects model was used. All data were
analyzed with 95% CI. The results were plotted in
the form of forest plots, with p-values lower than
0.05 considered significant.

Results

There were 11  cross-sectional  stud-
ieSIZ,l5,17,23,24,26,27,42,44-46, 3 COhOI‘tS33’34’4O, 3 random_
ized control trials"*** and the remaining were
Case_control StudieSl3,14,16,18,21,22,25,28-32,35—38,41,43 Thls

. >
along with all other descriptive characteristics ex-
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tracted from the studies'**¢ are included in Sup-
plementary Table I. From the literature review
in Supplementary Table I, several recurring
points were noted. In most investigations, elevat-
ed levels of homocysteine were always associated
with an increase in carotid intima-media thick-
ness (CIMT). Younger people (<40) generally had
higher levels of homocysteine and were more pre-
disposed to increased size of CIMT. Along with
this, lifestyle factors such as obesity and smoking
played roles in elevated homocysteine. The most
studied gene that was related to homocysteine
was the Methylenetetrahydrofolate reductase
(MTHFR) gene and its variants. While a number
of other genes were also analyzed, only defects of
the MTHFR gene produced significant changes in
homocysteine. Homocysteine levels have been re-
ported to drop when people use medications like
oral contraceptives, L-thyroxine, and anti-diabet-
ic drugs.

Table I shows the descriptive data of collected
studies according to gender, countries, interven-
tional procedure, observational findings, and ho-
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https://www.europeanreview.org/wp/wp-content/uploads/supplementary-table.pdf
https://www.europeanreview.org/wp/wp-content/uploads/supplementary-table.pdf

Homocysteine and atherosclerotic cardiovascular diseases

@ Bangladesh
@ Brazil

O China

= Egypt

O Greece

O India

B Italy

B Iran

@ Netherlands
B Nigeria

= Pakistan

@ Poland

O Romania

O Saudi Arabia

Figure 2. Geographical distribution of studies across the globe (values; percentages).

mocysteine association findings. The table reveals
33 studies'**® with significant association of homo-
cysteine with outcomes. Figure 2 shows the geo-
graphical distribution of studies across the globe.
Figure 3 shows the meta-analysis of 15 stud-
iesl3,14—17,21,23,25,27—29,32,33,34,46 that were Selected Wlth

Table I. Descriptive data of the collected studies.

similar outcomes. Both total fixed effects and
random fixed effects models were computed.
The effect size was calculated from SMD val-
ues. Tests of heterogeneity showed I value of
97.98% with confidence limits for I? 97.44-98.41
(p<0.001).
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Discussion

Homocysteine has high correlation with ASC-
VD in young and overweight patients. In addition,
the relationship of homocysteine with smoking,
genetic polymorphism, specific hormonal and
renal disorders, nutritional deficiencies (vitamin
B12 and folic acid), and the use of specific medi-
cines are among the other recurring findings. The
data extracted from the compiled studies and re-
sults produced in this systematic review provided
a sufficient summary of the current literature re-
lating to the homocysteine levels associated with
premature cardiovascular disease.

Genetic Role

From the collected studies, it was observed that
homocysteine levels are influenced by a number
of genetic associations. A randomized control tri-
al¥ was conducted to determine the influence of
the MTHFR gene on CIMT size in female patients
with rheumatoid arthritis. This is a gene that is
found on chromosome 1 at the locus of 1p36.3,
and functions as a catalyst for the reduction (ir-
reversible) of 5,10-methylenetetrahydrofolate to
5-methyltetrahydrofolate. The latter acts as a do-
nor for the methyl group in the synthesis of me-
thionine from homocysteine. The results showed
a significant increase in both CIMT and homo-
cysteine levels in 280 female patients. This arises
the question regarding whether people with poly-

morphism of MTHFR are naturally predisposed
to higher homocysteine and in turn CIMT. This
depends on the nature of the enzyme variant and
its prevalence. For example, folate-remedial vari-
ants can be countered by increasing the intake of
folic acid supplementation*®. An investigation of
the prevalence of MTHFR variants in the South
Indian Tamil Nadu population showed that MTH-
FR A1298C was more widespread than MTHFR
C677T. 1t should be noted that of the 72 Tamil-
ians tested, 52 had an acute myocardial infarc-
tion (AMI) hinting that the former variant may
be more involved in the pathogenesis of CVD¥.
Just having a polymorphism of the gene on its
own is not enough to ensure premature CVD,
as other factors need to be considered besides a
rise in homocysteine alone. To illustrate this, the
same gene was studied once again in a different
research?' that looked at a population of Pakistani
patients with AMI. Alongside MTHFR C677T and
MTHFR A1298C, methionine synthase and cysta-
thionine-beta-synthase polymorphism were also
considered. The results of the research showed
how both patients with AMI and healthy con-
trols (both with MTHFR polymorphism) had el-
evated homocysteine levels (23£17.2 and 23+13.4
mmol/l respectively) above the normal limit (15
mmol/l) while the other two genes did not alter
homocysteine levels greatly. Despite these find-
ings, there was no significant association of the
MTHFR polymorphism with an increased risk

Study N1 N2 Total SMD SE 95% CI Weight %
Tjaz et al 30 30 60 0.656 0.262 0.132 to 1.180 274 ——
Jain et al 60 60 120 2,120 0.227 1.670 t0 2.570 3.64 ——
Karim et al 50 50 100 0785 0.206 0376 to 1.194 443 ——
Kouzehgaran et al 79 80 159 0245 0.158 -0.0675 to 0.558 7.49 -
Prajapati etal 100 100 200  -0.0197  0.141 -0.298 t0 0.258 9.47 ':
Iqbal et al 143153 296 00455 0116 0.183 t0 0.274 13.97
Islam et al 60 60 120 0484 0.184 0.120 t0 0.849 5.55 -
Lai etal 26 24 50 1.449 0314 0.818 t0 2.081 1.91 ——
Qinetal 16 934 950 0276 0252 0.219 t0 0.771 2.96 .
Rallidis et al 267 167 434 00336  0.0985 -0.160 to 0.227 19.38 —
Shah et al 128 30 158 3.000 0.263 2.480 t0 3.520 272 R =
Gupta etal 125 103 228 2.431 0.175 2.086 t0 2.775 6.16 -+
Pac-Kozuchowskaet 18 12 30 0.610 0371 -0.150 to 1.370 137 —a—
al .
Rafietal 81 80 161 6.965 0.419 6.138 t0 7.792 1.07
Tenget al 238 313 551 1.988 0.105 1.783 02.194 17.15 s
Total 1421 2196 3617 0877  0.0434 0.792 t0 0.962 100.00 i
Test for heterogeneity: Q=694.26, Df = 14, Sig level p<0.0001, I = 97.98% , 95% CI for '= 97.44 to 98.41
i L | L 1 i 1 i |
2 4 6 8
((13::::(;1051) SMD (Ex;:s:ivlzzlral)

Figure 3. Forest plots of studies selected for meta-analysis with homocysteine as a biomarker for CVD.
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of premature myocardial infarction in the Paki-
stani population?'. Another study** examined how
Apolipoprotein (ApoE) polymorphism, along
with other biochemical risk factors such as ho-
mocysteine, would be associated with very young
patients presenting with AMI. Both ApoE and
homocysteine were not significantly altered in
these young patients, while other factors such as
ApoAl and HCL-C were significantly lowered,
but only in comparison to healthy controls and not
older patients presenting with acute MI*2. From
the aforementioned, we can see that elevated ho-
mocysteine is not an absolute outcome, even with
polymorphism of the related genes.

Essential Micronutrients

Besides genes, nutrients play an essential role in
influencing homocysteine levels and CIMT sizes.
One study®® examined the link between vitamin
B12 levels and CIMT size. All patients with vita-
min B12 deficiency showed not only higher CIMT
but also elevated homocysteine levels. The reason
for this can be attributed to decreased autonomic
function. Since BI12 is essential for the mainte-
nance of nervous function, a deficiency would be
expected to impair sympathetic and parasympa-
thetic activity, which in turn affects the cardio-
vascular system*. One other study*’ also empha-
sized how a deficiency of circulating vitamin B12
during fetal life can affect CIMT in school-age
children. This was a prospective cohort study that
looked at 3,826 children from early pregnancy till
their school age. When considering normal cir-
culating levels of vitamin B12 and folate during
pregnancy (>145 pmol/L and >8 nmol/L, respec-
tively), low levels of the former were associated
with increased CIMT, while low levels of the lat-
ter were associated with decreased CIMT. Inter-
estingly, homocysteine levels did not significantly
relate to carotid intima thickness except in one
standard deviation score, which showed that the
high level in a blood sample taken from the um-
bilical cord was associated with lower CIMT, but
this was an exception®. It may have been due to
the extremely young age of the sample or because
of the suppression effect of vitamin B12 on ho-
mocysteine, which is why the effects of the latter
were masked by the former. This is exemplified in
another study, which showed how homocysteine
was inversely proportional to both vitamin B12
and folic acid. Moreover, homocysteine increased
with age and would not be significantly high in
children®.

Thyroid Hormone

Hormones can also interact with homocysteine.
The effects of thyroxine on homocysteine were
investigated in a study'; a total of 39 children
with subclinical hypothyroidism were treated
with L-thyroxine for over 2 years, and the various
parameters were compared before and after the
intervention. Weight-to-height ratio, triglyceride
levels, atherogenic index, and homocysteine had
significantly decreased following therapy, while
high density lipoprotein (HDL-C) levels became
higher. While the underlying reason has not been
clarified, a separate study** sought to determine
the effects of Thyroid Autoimmunity (TA) in eu-
thyroid girls diagnosed with Hashimoto’s thyroid-
itis. The outcome was a measure of CIMT and
various other risk factors of CVD, including ho-
mocysteine. Here, the findings are contradictory
to the previously mentioned study'. When com-
paring the diseased and control groups, there was
not much difference in the following parameters:
thyroid hormone levels, insulin levels, homocys-
teine levels, and Homeostatic Model Assessment
for Insulin Resistance (HOMA-IR). However,
irrespective of thyroid function, all patients had
increased CIMT compared to the control group. It
was concluded that TA was more related to chron-
ic inflammation that caused endothelial dysfunc-
tion and not the elevation of any particular cardio-
vascular risk marker®. It would appear that only
particular hormonal diseases are associated with
homocysteine, but this needs further workup.

Female Reproductive System

Polycystic ovarian syndrome (PCOS) is an-
other hormonal disease that has been known to
be associated with vascular alterations such as
increased intima-media thickness, increased
arterial stiffness, and endothelial dysfunction.
This is also reflected by the elevation of certain
cardiovascular risk surrogate markers, of which
homocysteine is one of the leading factors. An
intervention to examine how the administra-
tion of metformin tablets (under the brand name
Formaet, manufactured by Mylan M.V. Canons-
burg, USA) to patients of PCOS would affect
the cardiovascular risk factors. The drug was
given at a dose of 850 mg a day for 6 months.
Metformin only significantly reduced insulin,
blood pressure, high-sensitivity C-reactive pro-
tein (Hs-CRP) levels, and plasminogen activator
inhibitor-1. Conversely, it might lead to elevated
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homocysteine levels but to a minor extent. Since
many other risk factors were suppressed, a mild
rise in homocysteine should not be considered
as putting the patient at greater risk for cardio-
vascular events®. But if metformin could indi-
rectly affect homocysteine, can the same be said
about other anti-diabetic medications? One article
found rosiglitazone (GSK plc, Brentford, UK) had
a suppressive effect on homocysteine, and another
found that sulphonylureas did not alter homocys-
teine significantly®*2. Whether these medications
are preferred over metformin in preventing CVD
is a question that goes outside the scope of this
systematic review.

Endogenous female hormones themselves are
known to alter homocysteine levels. Therefore, it
is expected that oral contraceptive pills can also
influence homocysteine and lipid levels, and in-
directly affect the risk for CVD, but the litera-
ture presents contradictory results, so it has not
been confirmed which finding is more valid. One
study® conducted in Iran compared oral contra-
ceptive (OCP) use amongst 100 women with nor-
mal menstrual cycles for a period of 3-6 months.
In the group that used OCPs for at least 24 to 36
months, higher levels of homocysteine, low-den-
sity lipoprotein (LDL), cholesterol, triglyceride,
and systolic blood pressure were recorded. A
significant difference existed between this group
and the other groups according to Tukey’s test,
especially for homocysteine®. This by no means
should be taken as evidence to actively use OCP
as part of therapy for patients with CVD. Instead,
it should be based on clinical judgment and other
factors pertaining to the health status of the pa-
tient.

Renal Pathologies

A study® sought to evaluate the association
between left ventricular mass z score (LVMZ)
and CIMT with other risk factors. This study par-
ticularly looked at children and adolescents with
end-stage renal disease and compared them with
healthy control. Multivariate analysis revealed
that LVMZ was linked with only age, dialysis du-
ration, systolic blood pressure, serum hemoglo-
bin, and HDL levels, while CIMT was only linked
with systolic blood pressure. It is not clear why
homocysteine was not significantly related to the
aforementioned outcomes, especially since pa-
tients with chronic kidney disease normally have
hyperhomocysteinemia™. These findings were re-
inforced by another study>*, except the renal dis-
ease in the sample population taken was nephrotic
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syndrome. Since it was already established that
serum asymmetric dimethylarginine (ADMA)
may be an independent risk factor for CVD (due
to its ability to inhibit nitric oxide production), the
study tried to find any significant link between it
and atherosclerotic risk factors in children. Much
like the previous study>, homocysteine was not
found to be different between groups, nor was
it associated with either ADMA or CIMT. One
might deduce that renal pathologies may inter-
fere with the expected findings, but this needs
to be elucidated in further studies®. One renal
disease that was found to be correlated with ele-
vated homocysteine levels is autosomal dominant
polycystic kidney disease (ADPKD). It is a well-
known fact that ADPKD might cause increased
cardiovascular mortality, but the literature has
not clarified the exact underlying pathogenesis,
which is why a study” was conducted on iden-
tifying early and non-invasive markers of CVD
in patients of ADPKD. The results of the study
revealed elevated levels of homocysteine besides
HOMA-IR, serum uric acid, renal resistive index,
and left ventricular mass index. However, there
was no significant increase in CIMT?. Much like
how only certain hormonal diseases affect homo-
cysteine alone or risk of CVD alone or both, the
same seems to be observed in renal diseases. This
actually hints that the dynamics involved between
homocysteine, CVD, and other risk factors/dis-
eases may be more complex than estimated.

Age Factor

When analyzing the various risk factors, a
study looked at several of them, including homo-
cysteine and coronary plaque morphology, when
comparing young and old Indian patients with
coronary arterial disease below and above the age
of 40 years. By using computed tomography an-
giography, it was found that young patients had
more pronounced features of positive remodeling,
spotty calcification, and non-calcified plaques
compared to older patients. In addition, all pa-
tients with coronary stable angina were involved
in only a single vessel, while patients with acute
coronary syndrome had multi-vessel involvement.
The most commonly involved area was the proxi-
mal segment of the left anterior descending artery.
All young patients with acute coronary syndrome
(ACS) had homocysteine levels of more than 15
pmol/L, but the difference between the two was
not significant?®. This pattern of young patients
being more predisposed to CVD due to hyperho-
mocysteinemia is something that is obvious from
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all the literature collected. A leading lipoprotein
factor related to premature CVD is lipoprotein(a),
which has predominantly genetic inheritance®.
Moreover, the proinflammatory state is also relat-
ed to the presence and severity of CVD*.

Gastrointestinal and Food-Related

Amongst the diseases that predispose a patient
to higher CIMT, one that involves the gastroin-
testinal tract, is ulcerative colitis (UC). Findings
from a study" on 60 patients with UC showed
how not only CIMT was significantly raised, but
also homocysteine, HOMA-IR, and insulin were
significantly higher (p<0.05). Moreover, a signif-
icant correlation was observed between CIMT
and homocysteine levels, homocysteine, and HO-
MA-IR™,

Amongst the various types of intervention used
to lower homocysteine levels found in literature,
specific types of diet have been proven to signifi-
cantly lower homocysteine level. One article in-
vestigated the association of ACS in individuals
who adopted the Mediterranean diet. An increase
in homocysteine levels was associated with a 1%
and 3% higher likelihood of ACS among younger
(<45 years) and middle-aged (45-60 years) adults.
Moreover, homocysteine was associated with 3%
increase in the likelihood of ACS among those
who did not adhere to the Mediterranean diet.
Therefore, Mediterranean diet can be used as a
prophylactic diet to prevent CVDY".

Conclusions

The data extracted from the compiled studies
and results produced in this systematic review
provided a sufficient summary of the current
literature relating to the homocysteine levels
associated with premature cardiovascular dis-
ease. Homocysteine was highly correlated with
atherosclerotic cardiovascular disease in young
and overweight. In addition, other reproducible
findings include an association of homocysteine
with smoking, genetic polymorphism, certain
hormonal and renal diseases, nutritional deficien-
cies (vitamin B12 and folic acid), and levothy-
roxine (which is under the trade name Levoxyl,
Pfizer.inc, NY, USA). It is still not clear if males
are more predisposed to hyperhomocysteinemia,
as most of these studies?*#2-2"33-394343 were concen-
trated in females. What is even more ambiguous
is the exact mechanism of changes in homocys-
teine with regard to all factors that influence, as

these seem to apparently follow random patterns.
But perhaps this just reflects the dearth of knowl-
edge we have on homocysteine itself, and this
forms an incentive for even further research for
the purpose of elucidating the intricacies of the
amino acid in the human body.
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