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ABSTRACT

Introduction: Homocystein (Hcy) is an amino acid and elevated plasma cause endothelial damage, fol-
lowed with inflammation in the blood vessels and its progression in atherosclerosis. We aimed to evaluate
the correlation between cardiovascular disease and serum homocysteine levels..

Methods: We performed a case control analysis of 212 patients, either for cardiovascular risk stratification
or for invasive diagnostics and treatment of cardiovascular ischemic disease (CAD). Patients were divided
into 4 groups: Group 1. Patients with low risk for CAD, with no symptoms of CAD and total of 10 years
risk <10%. Group 2. High-risk patients with no symptoms of CAD, but 10 years total CAD risk of >20%.
Group 3. Patients with symptomatic CAD, where angiography was performed and >50% occlusion of at
least one coronary vessel was found. Group 4. Patients with carotid artery disease and documented CAD.

Results: Group 1 consists of 56 subjects, of whom 33 (60%) males and 22 (40%) females. Their mean
age was 52.18+8.07 years and their average CAD risk was 5.

Group 2 included 60 patients, with average CAD risk of 23.73. There was a statistically significant dif-
ference between plasma homocysteine levels between the control and high CAD risk group, as well as
between those with CAD and both CAD and CARD (p=0.001). In the high-risk subjects group, the level
of homocysteine correlates albeit weak with the total CAD risk (p=0.04). Homocysteine levels correlate
with the WBC count (p=0.02). In the subgroup of smokers with high CAD risk, homocysteine correlates
with age, total CAD risk, total cholesterol, BUN (define BUN) and creatinine.

Group 3 consisted of 49 subjects with manifested and angiographically proven CAD, out of whom 80%
were males and 20% females, mean age 56.06+9.7 years, with average 2 coronary vessels affected. There
were significantly higher homocysteine plasma levels between the control group and the group with
manifested CAD (p=0.008).There is no significant difference of homocysteine plasma levels between the
high risk group and the group with manifested coronary artery disease (15.03 [Jmol/l vs. 16.38'mol/l). In
this group, plasma levels of homocysteine correlate only with the highest level of vessel stenosis (>95%)
with (p=0.04).

The study population in group 4 showed a mean of IMT 0.9 +..09 mm and mean Hcy plasma levels of 21
+ 11 pmol/L. From the evaluated patients with CAD, 82.9% of patients had elevated level of Hcy. From
those, one showed elevated Hcy, 79.4 % had hypertension, 58.9 % had hyperlipidemia, 28.2% had diabetes
mellitus as additional risk factors for atherosclerosis. 76.9 % of the patients had increased intima-media
thickness; in 58.9 % plaques were detected, while 23 % of the patients had significant stenosis: 10.2 %
with intermediate —grade stenosis (50-69%) and 12.8 % with high-grade stenosis (70-99 %). 17.1 % of
the patients had normal level of Hey, and in those ones 62.5 % only had increased IMT. We found linear
correlation between IMT and HCy levels (r 0.7, p 0.05).
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Case control analysis showed significant higher level of Hcy in the group with CAD and carotid artery

disease vs. CAD group (p 0.001).

Conclusion: High plasma homocysteine concentrations are associated with high risk for vascular disease
and consequently CAD itself and carotid artery disease, as well, proving its likely role in the development
of atherosclerosis on inflammatory and metabolic levels.

Keywords: Homocysteine, coronary artery disease, carotid artery disease, IMT, case control study

INTRODUCTION

In 1969 McCully published a description of
vascular pathology in patients with homocystinuria
for the first time, indicating a possibility that hyper-
homocystinemia may be a cause for early coronary
artery disease (CAD).That was the start of an idea to
associate a CAD and homocysteine in patients with
hereditary hyperhomocystinemia and homocystinu-
ria, in whom an early and accelerated development
of atherosclerosis was observed, with mortality rate
up to 25% before the age of 30.

From the beginning of the 1970s when the
impairment of the methionine metabolism in pa-
tients with early and unexplainable coronary dis-
ease was described for the first time, there have
been numerous studies, most of which confirm
the role of homocysteine as an independent risk
factor for development of coronary artery disease.
Wald in a meta-analysis of 72 studies proved the
relationship between increased levels of homocyst-
eine as a result of mutation in the MTHFR gene
with the increased risk for ischemic heart disease
1.32-1.42 folds, with deep vein thrombosis without
pulmonary embolism 11.6 folds and with stroke
1.59-1.65 folds [2].

In the study on homocysteine and CAD risk in
middle-aged men, after adjusting for other risk fac-
tors, the increased homocysteine levels (>16+mol/L)
contributed with 13% in the total CAD risk [1].

The ARIC study proved an increased CAD
risk in hyperhomocysteinemic in males, but not in
females [2]. In other studies the risk for CAD and
stroke relationship to mortality was 1.9 to 2.8 [3].

Nygard did a follow-up on 567 patients with
established CAD. Death risk was 1.9 bigger in those
with tHcy 9-15+mol/l and 2.8 for patients with
tHcy>20+mol/l (4,5).

HCy has been defined as a novel risk factor
for peripheral artery disease [6].

However, there is an ongoing debate if hyper-
homocysteinemia is a biomarker, or a risk factor for
CAD and CARD.

MATERIAL AND METHODS

In this case control analysis, 212 patients ad-
mitted to the University Cardiology Clinic, either
for cardiovascular risk stratification or for invasive
diagnostics and treatment of angina, acute coronary
syndrome or acute myocardial infarction were fol-
lowed. The study was performed according to the
Helsinki declaration.

According to these criteria, patients were di-
vided into 3 groups:

Group 1. Patients with low risk for CAD,
with no symptoms of CAD and with total 10 years
risk <10%.

Group 2. High-risk patients with no symp-
toms of CAD, but with 10 years total CAD risk of
>20%.

Group 3. Patients with symptomatic CAD,
where angiography was performed and a >50% oc-
clusion of at least one coronary vessel was found.

Group 4. Patients with carotid artery disease
and documented coronary artery disease.

Patients’ evaluation

Patients were evaluated using questionnaire,
physical examination, laboratory tests and plasma
homocysteine levels. A Chemiluminiscence assay
was used for homocysteine analysis. The cutoff
value for homocysteine was >12umo/l. Coronary
artery disease was confirmed with angiography,
which was performed in the cathlaboratory at the
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University Cardiology Clinic. Carotid ultrasound
was used for determination of carotid artery disease
which defines it as plaque or stenosis. Increased ca-
rotid IMT was measured as value > 0.08 cm.

RESULTS

Group 1 consisted of 56 subjects, of whom
33 (60%) were males and 22 (40%) were females,
with a mean age of 52.18+8.07 years and average
CAD risk of 5.

All assessed factors of the control group
are within the limits of the current AHA/ACC/
ESC guidelines.

Group 2 consisted of patients with high CAD
risk. A total of 60 patients, of whom 38 (62.3%)
males and 22 (36.7%) females, with average CAD
risk of 23.73 were assessed. The lipid fractions
within this group were significantly higher than
in the control group.

There was a statistically significant differ-
ence between plasma homocysteine levels be-
tween the control and the high CAD risk group,
as well between those with CAD and both CAD
and CARD groups (p=0.001) (Table 1).

Table 1. Differences in Homocysteine levels in the
study groups
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In the high-risk subjects’ group, the level
of homocysteine correlates albeit weak with the
total CAD risk (p=0.04). Homocysteine levels
correlated with the WBC count (p=0.02).

Other positive correlations in the high-risk
group are presented in Table 2.

For more detailed analysis, this group was
divided into subgroups: by sex and by smoking
status. In the subgroup of males, homocysteine

positively correlated with total CAD risk, total
cholesterol, BUN and creatinine (Table 3).

In the female subgroup the homocysteine
level positively correlated only with the WBC
count (p=0.02).

There are no statistically significant differ-
ences between the plasma levels of homocysteine
between male and female subgroups.

In the subgroup of smokers with high
CAD risk, homocysteine correlates with age,
total CAD risk, total cholesterol, BUN and cre-
atinine (Table 4).

Paradoxically, there is significantly higher
plasma levels of homocysteine in the subgroup
of non-smokers. In the non-smokers group, the
levels of homocysteine correlates only with the
WBC count.

Group 3 consisted of 49 subjects with man-
ifested and angiographically proven CAD, out of
whom 80% were males and 20% were females,
mean age 56.06+9.7 years, with average 2 coro-
nary vessels affected. Most of the lipid parame-
ters were not significantly elevated due to already
taking antihyperlipidemic therapy.

There were significantly higher homocyste-
ine plasma levels between the control group and
the group with manifested CAD (p=0.008) (Table
5). There is no significant difference of homocys-
teine plasma levels between the high risk group
and the group with manifested coronary artery
disease (15.03+mol/l vs 16.38+mol/l).

In this group, plasma levels of homocyste-
ine correlate only with the highest level of vessel
stenosis (>95%) with (p=0.04).

For more detailed analysis, this group was
divided into two subgroups according to the smok-
ing status.

There was a statistically significant correla-
tion between plasma homocysteine levels between
these subgroups. They also significantly differ in
the number of CAD risk factors and the number
of affected coronary vessels. In the subgroup of
smoker homocysteine correlates with the gender
(p<0.05), while in the subgroup of non-smokers
it relates with the age (p=0.036).

Study population in group 4 had a mean
IMT 0.9 + 0.09 mm and mean Hcy plasma levels
of 21 + 11 umol/L. From the evaluated patients
with CAD, 82.9% of patients had elevated level
of Hcy. From those, one with elevated Hey, 79.4
% had hypertension, 58.9 % had hyperlipidemia,
28.2% had diabetes mellitus as additional risk
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Table 2. Relation between Homocysteine and risk factors

Figure 1. Distribution of Hcy value through 4th group
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Figure 2. Distribution of IMT value through 4th group
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factor for atherosclerosis. 76.9 % of the patients
had increased intima-media thickness, in 58.9 %
plaques were detected, while 23 % of the patients
had significant stenosis: 10.2 % with intermedi-
ate —grade stenosis ( 50-69%) and 12.8 % with
high-grade stenosis (70-99 %). 17.1 % of patients
had normal level of Hey, and in those one 62.5
% had only increased IMT. Distribution of IMT
value and HCy was derived in Figures 1 and 2.

Patients with elevated levels of plasma Hey
had been related (r 0.7 p 0.0) with increased IMT
measured by carotid ultrasound. Plasma Hcy lev-
els were significantly higher in pts with hyperlip-
idemia and diabetes mellitus.

DISCUSSION

In the PRIME study, published in 2007, on
323 subjects and 638 controls, total homocysteine
levels were determined and compared to other risk
factors. It was established that homocysteine is
higher in smokers than in non-smokers (p=0.007).
There is a positive correlation between homocys-
teine with smoking and CAD risk (p=0.006) which
confirms the synergistic action of homocysteine
with old risk factors, and its undisputable influence
on total CAD risk [12].

In the JACC study published on 39242 sub-
jects in a follow up period of 10 years, it was con-
cluded that stroke, myocardial infarction and total
mortality from CAD are significantly higher in a
group with tHcy>15.3+mol/l. The risk was 4.35
high for stroke and 3.4 for myocardial infarction
and 1.68 for total CAD mortality [10].

In the Study of Laraqi with 178 subjects, the
aim was to establish a possible connection between
homocysteine and Lp (a) with coronary artery dis-
ease. The study group had >50% stenosis of the cor-
onary vessels and the rest were controls. It was dis-
covered that homocysteine was significantly higher
in the study group, 8.26+mol/l versus 17.85+mol/l.
Surprisingly, this study did not reveal correlation
with homocysteine and other risk factors. There
was a weak correlation between tHcy and Lp (a)
and both were independent risk factor for CAD [9].

Ranjith and all, in a study of 150 subjects,
confirmed that increased homocysteine levels are
independent risk factor for CAD, though no cor-
relation with other risk factors was found [11].

In Ganguly’s review of several studies con-
cerning the role of homocysteine in the develop-

ment of CAD, he concluded that most studies con-

firm homocysteine as an independent risk factor
for CAD [7].

However, the study of Ghosh is one of the
studies where he doesn’t find any significant differ-
ence between homocysteine levels in the CAD and
control group, therefore not being able to confirm
any role of homocysteine in the development of
CAD [8].

Yang et al, observational cohort study, in
2,919 Chinese participants, suggest that plasma
level of homocysteine could increase the risk of
developing advanced carotid artery plaques by 28%
in the population aged above 40 [14].

The Northern Manhattan Study (NOMAS)
was prospective, population-based cohort study
with a unique race—ethnic distribution of commu-
nity residents. In conclusion, elevated tHcy was
independently associated with plaque morphology
and increased plaque area and subclinical markers
of stroke risk [13].

Selhub et al., performed a cross-section-
al study of 1041 elderly subjects (418 men and
623 women; age range, 67 to 96 years) from the
Framingham Heart Study, reported that the risk of
developing >25% extracranial carotid stenosis is
increased 2-fold among elderly patients with elevat-
ed homocysteine levels and plasma concentrations
of folate and pyridoxal 5’ phosphate are inversely
associated with carotid stenosis [15].

Boushey et al. [16]did a meta-analysis on 27
studies (up to early 1995) relating homocysteine
to CVD and 11 studies on folate as a determinant
of plasma homocysteine. Increased total homo-
cysteine was an independent graded risk factor
for CVD, with odds ratios of 1.6 and 1.8 for a 5
umol/L increment in men and women, respectively.
A strong inverse correlation was found between
total homocysteine and serum folate. A 5-pmol/L
tHcy increment elevates CAD risk by as much as
cholesterol level increase of 0.5 mmol/L.

Graham et al. [17] reported that increased
total homocysteine was as strong as smoking and
hyperlipidemia, as an independent risk factor for
CVD on the basis of a large multicenter European
study involving 750 cases and 800 controls.

In the Heart Outcomes Prevention Evaluation
(HOPE), 2 trial of patients with diabetes or vascular
disease, B-vitamin therapy significantly reduced
stroke (by 25%), but not myocardial infarction or
death [7]. Homocysteine concentrations were mea-
sured in only 19% of participants after 5 years, and
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the reduction in homocysteine concentration was
not statistically significant [7, 8].

Reduction of homocysteine levels has been
most readily accomplished by supplementation
of the diet with the B vitamins (folate, vitamins
B6 and B12); reductions of up to 39% have been
reported [5].Other therapies, including methionine
restriction and exercise training, have also shown
modest effects in reducing the levels of homocys-
teine [6].

The Limitation of our study is its design.

Our study confirms that there is a positive
correlation between homocysteine levels and high
risk for CAD and consequently CAD itself, proving
its likely role in the development of atherosclerosis
on inflammatory and metabolic levels. In our study
homocysteine correlated with total CAD risk, WBC
count, total cholesterol, BUN and creatinine. There
is a significant difference between Homocysteine
in pts with coronary and those ones with both cor-
onary and carotid artery disease..
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Pe3ume

XOMOIIMCTEHH BO IIVIABMA KAJ TAHUEHTHU CO KOPOHAPHA
N KAPOTUJIHA APTEPUCKA BOJIECT - AHAJIN3A HA KOHTPOJIA HA CJIYIAU

Mapujan bomeBcku' S , Henan 3naranoBuk’ , JJlannua Ierkocka’ ,
Aranac IoprueBcku' , Emuainja Jlazaposa' , JIuau CrojaHoBcka®*

! YHuBep3uTeTCKa KIMHKKA 32 Kapauoioruja, Backynapna naboparopuja, Crormje, PC Makenonuja
? TIpusarna ycranosa Kop-Menuno, Cromje, PC Makenonuja

3 Bukropuja YHuBep3uter MenOypH, ABCTpaiiuja

* Vuusepsurtet Ha O0enunerure Aparcku Emuparu, An Aun, OAE

> Menuuutcku dakynret, YKHUM, Cromje, PC Makenonuja

BoBen: XoMOIMCTEHHOT € AMHUHOKHCEIIMHA, YHE TOKAYeHO HUBO BO IJIa3Mara Mpelu3BUKYBa
OIITETYBakhE Ha EHJOTEJIOT, MPOCIEJACHO CO BOCMAlleHHE Ha KPBHUTE CaJIOBU, a CO TOa Mporpecuja
BO arepockiepo3a. [lenra Ha oBa HCcTpaxyBame € Jla ce JoOUjaT MoAaToI cO KoM OU ce JoKaxala
KopeJaiujara Mely KapinoBacKyJapHHUTe 3a001yBamba H HUBOTO Ha CEPYMCKHOT XOMOIIMCTEHH.

Metoau: HanpaBusme case control study (cTyauja Ha KOHTpOJIA Ha ClIy4yaun), BO kKoja 0ea BKIIy-
YyeH! 212 manueHTH WK 3a pU3UK-CTpaTHQUKalMja Ha KapIuoBacKyJapHa 0OJIeCT WM 3a NHBa3UBHA
JIUjarHOCTHKA U TPETMaH Ha KapJuoBacKylapHa ucxeMu4Ha Oonect. [lanuenture Oea moueaeHu BO
YeTHPH TPYIH: BO MpBara rpymna 06ea nalueHTH co Hu3ok pusuk 3a KAB, 6e3 cumnromu u 10-rogumiex
pusuk < 10 %. Bropara rpymna ja counHyBaa MalMeHTH CO BUCOK PU3UK, ACHMIITOMAaTCKH, HO 10-T0-
nuiieH pusuk 3a KAB > 20 %. Tpera rpynara — CHMOTOMATCKH MMAallMEHTH 32 KOpOHAapHa OOJiecT Kaj
KOM OWJIa HampaBeHa KopoHaporpaduja u Haoz 3a > 50 % cTecHyBamke Ha HajMaJIKy €/IeH KPBEH Ca/l.
UYeTBpra rpyna — maueHTH co KapoTHUIHA apTeprcKa O0JECT U JJOKaKaHa KOpOHapHa OOJECT.

Pesyararu: On oOpaboTkata Ha TOAATOLUTE, BO IpBaTa rpyna Oea BKIy4YeHH 56 MalUEHTH,
on xou 33 (60 %) maxu u 22 (40 %) xenu, co npoceuna Bozpact 52,18 + 8,07 npoceueH pu3uk 3a
KAB ox 5.

Bo Bropara rpyna 6ea Bxiayuenu 60 nanueHTH, co npoceueH pusuk og KAbB ox 23,73. Umare
CTATUCTUYKU 3HA4YajHa pasjinka Mely BPEAHOCTHTE Ha Ila3Ma XOMOLHMCTEHHOT CO KOHTPOJHATa U
BHUCOKopu3nuyHaTa rpyna 3a KADB, kako u mery onne co KAB u onne co komOunupana KAb u KAP/|
(p =0,001). Bo rpynara nauueHTH CO BUCOK PU3UK, HUBOTO Ha XOMOLIMCTEHHOT, HaKo ciabo, cemnax,
€ BO Kopenanuja co BKYIIHHOT PU3UK 0J KopoHapHa Oonect (p = 0,04). HuBoTO Ha XOMOLMCTEHMHOT
Oewe 1 Bo Kopenanuja co 6pojot Ha neykonutute (p = 0,02). Bo moarpynara Ha mymadn co BUCOK
PHU3HK, XOMOLIMCTEHHOT € BO KOpeanuja co Bo3pacTta, BKynHHoT pusuk og KAB, Bkynen xonecrepod,
BYH u co kpeaTHHHHOT.

Bo tperara rpyna Oea ananuzupanu 49 nauueHTH O CAMITOMATCKa U aHTHOIpadCKU JOKaXkaHa
KAB, ox xou 80 % maxu u 20 % xeHu, cpenHa Bo3pact ox1 56,06 + 9,7 ronnHu, co mpocedHo 3adaTeHn
JIBE KOPOHApHU apTePHUH CO CUTHU(UKAHTHA CTEHO3a. 3HAYUTEIHO TOBUCOKO HUBO HA XOMOLIUCTEUH
BO IUIa3Mara UMalle Mel'y KOHTpPOJIHATa Ipyla M rpynara co MaHudectHa KopoHapHa Ooject (p =
0,008). Hemamre 3HauajHa paszinka Mery rpyrara co BUCOK PH3WK U TpynaTa co MaHU(ecTHa Kopo-
HapHa O6oisrect (15,03 mol/l vs. 16,38 mol/l). Bo oBaa rpyna BpenmHocTHTE Ha XOMOIIMCTEUHOT CE BO
KopeJaluja caMo cO BUCOKOCTENeHa KapoTuaHa cTenosa (> 95 %) co (p = 0,04).

ITomynamnujaTa ox ueTBpTaTa rpymna oemre co cpenna Bpenaoct Ha UMT 0,9 + 0,09 mm u cpenno
HUBO Ha XomorucrenH 21 + 11 umol / L. Ox ucnimryBaHara rpyma ¢ oJokKa)aHa KopoHapHa 0oJecT,
82,9 % on manueHTHTe WMalle TOKa4eHO HWBO Ha XOMOIIMCTEWH. XHUTMepTeH3uja umamie kaj 79,4 %,
xunepnmunuaemMuja xaj 58,9 %, nonexa 28,2 % amjaberec METUTYC KaKO AOTOIHUTENIEH PU3HK-(Dak-
TOp 3a aTrepockiepo3a. 3ronemena Bpegaoct Ha UMT nmamre kaj 76,9 % on manumenTure, kaj 58,9 %
MIPUCYCTBO Ha TUTaKH, ojeka 23 % o manueHTuTe nMaa 3HadajHa cteHo3a: 10,2 % cteHos3a o cpefeH
crerneH (50-69 %) u 12,8 % on Bucok crenex (70-99%). Bo 17,1 % ox mamuentute co pepepeHTHI
BPEIHOCTH Ha XOMOIIMCTENHOT, Kaj HUB 62,5 % mmaa camo 3anebenena UMT. bemre Hajnena nnaeapaa
kopenanuja mery UMT u auBoTo Ha XoMmomuctewn (r 0,7, p 0,05).
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KOHTpOHHI/ITe aHaJIM31U Ha CJIIy4YauTe IMOKaKaa 3HaqajHo IIOKA4Y€HO HMWBO Ha XOMOIMCTCHUH BO

rpymnara nanueHTu co komOunupana KAB u kaporugHa Gosect Bo crnopenda co rpymara camo co
koponapna oonect (p 0,001).

33KJIy‘l0K2 BucokoTo HUBO Ha XOMOIIMCTEHH BO IIjla3MaTa € MOBP3aHO CO 3TOJICMCH PU3UK O[]
BacCKyJapHa 60J'IGCT, ouIo KOpOHapHa UJIn KapOoTuAHa 6OJ'I€CT, CO OITO, UCTO TaKa, CC NJOKAXKyBa yJio-
raTa BO pa3dBHUBAKBLETO HA aTCPOCKIICpO3aTa, IPpCAU3BHUKaHa O/ I/IH(l)J'IaMaTOI)HI/I U MeTabOoIHU IMPOMCHH..

Kayunu 360poBH: XOMOIIMCTEWH, KOPOHAPHA apTeprcka 00JecT, KapOTHIHA apTeprcKa OOJIEeCT,
HNMT, case control study





