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Chapterr 8 

ABSTRACT T 

BACKGROUND D 

Hyperhomocysteinemiaa is associated with atherosclerosis, but a causal relationship 

iss still vehemently debated. We studied this association in patients at high a priori 

CADD risk, suffering from familial hypercholesterolemia (FH). 

METHODSS AND RESULTS 

Physicall  parameters, intima-media thickness (IMT) measurements and laboratory 

parameters,, including methylenetetrahydrofolate reductase (MTHFR) genotype, were 

obtainedd in 1110 FH patients. FH patients with cardiovascular disease (37%) had 

increasedd median plasma homocysteine levels compared to disease-free patients (12.6 

vs.. 11.9 u.mol/L; p=0.002). In addition, the MTHFR TT-genotype, a genetic cause 

off  hyperhomocysteinemia, showed significandy higher median levels of homocysteine 

thann the CC-genotypc (13.2 vs. 12.0(imol/L;p<0.001). Nevertheless, no relationship 

becamee evident between MTHFR-genotype, cardiovascular disease (p=0.86) or IM T 

(p=0.35),, neither between homocysteine and IM T (r=0.064; p=0.11). 

CONCLUSIONS S 

Plasmaa homocysteine levels are increased in FH patients with cardiovascular disease. 

Inn case of the MTHFR TT-genotype, homocysteine was increased, but this was neither 

reflectedd in the frequency of cardiovascular disease nor in IMT. Moreover, homocysteine 

didd not correlate with IMT. Consequendy, homocysteine and cardiovascular disease 

aree indeed associated in FH, but our data suggest hyperhomocysteinemia to be a 

consequencee rather than a cause of uiis disease process. 
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I N T R O D U C T I O N N 

Hyperhomocysteinemiaa has emerged as a potential risk factor for vascular disease. 

Althoughh homocysteine levels can be effectively lowered by inexpensive and safe 

therapy,, a large-scale implementation has not been widely accepted, since there is an 

ongoingg debate whether the association between elevated homocysteine and 

atherosclerosiss is indeed causal. Both retrospective and cross-sectional studies indicate 

suchh a causality, but prospective studies are equivocal in outcome. Issues such as 

studyy design, sampling bias and confounding through genetic admixture are thought 

too have significantly influenced the outcomes'0. 

Familiall  hypercholesterolemia (FH), a dominant disorder characterized by elevated 

cholesteroll  levels, is caused by a plethora of mutations in the gene encoding the low-

densityy lipoprotein (LDL) receptor6. As a consequence, patients carry an extremely 

highh risk of premature ischemic events7. The disorder represents the paradigm for a 

relationshipp between LDL-cholesteroI and vascular disease and is more and more 

usedd as a model for atherogenesis. Only few authors focused on the association 

betweenn homocysteine and atherosclerotic disease in FH with, however, conflicting 

outcomes814.. The contradicting data are likely due to limited numbers of patients 

andd different definitions of outcome variables. 

Thee C677T mutation in the mefhylcnctetrahydrofolate reductase (MTHFR) gene is a 

geneticc cause of hyperhomocysteinemia'\ which renders the enzyme thermolabile 

andd less active. Consequently, carriers of this variant have significantly higher plasma 

homocysteinee levels from birth onwards1"16. Studying this MTHFR mutation among 

FHH patients offers a unique opportunity to assess the potential risk associated with 

life-longg hyperhomocysteinemia. The combination of increased homocysteine and 

veryy high LDL-cholesterol levels in these patients should lead to remarkably increased 

oddss ratios (OR) for vascular events. 

Overtt ischemic events are preceded by a silent phase of atherosclerotic changes in 

thee arterial wall. These preclinical alterations, intima thickening included, can be 

visualizedd by high resolution B-modc ultrasonography' . Significant relationships 

havee been demonstrated between carotid intima-media thickness (IMT) , cardiovascular 

riskrisk factors11 and coronary artery disease'". Consequently, IM T is increasingly used 

ass a surrogate marker for atherosclerosis19. 

Thee objective of our study was to determine the relationship between hyperhomo-

cysteinemiaa and atherosclerosis in patients with FH. To know whether the study 
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designn could influence the outcomes, we assessed the relationship between (a) plasma 

homocysteinee and cardiovascular disease (CVD), and (b) MTHFR-genotype, plasma 

homocysteine,, cardiovascular disease and intima-media thickness. 

M E T H O D S S 

Studyy population 

Patientss with Familial Hypercholesterolemia, referred to two university Lipid Clinics 

(Amsterdamm and Nijmegen) between 1995 and 1998, were included in the study. 

Inclusionn criteria were a diagnosis of heterozygous FH based on a documented 

LD LL receptor mutation or based on the following criteria: LDL cholesterol level 

abovee the 95rh percentile for gender and age, combined with characteristic tendon 

xanthomass in the patient or in a first-degree relative, or a first-degree relative < 18 

yearss with an LDL cholesterol above the 95th percentile for gender and age. Excluded 

weree secondary causes of hypercholesterolemia. 

Thee Institutional Review Boards approved the protocol and written informed consent 

wass obtained. Al l procedures were performed in accordance with the Declaration of 

Helsinki,, 2000. 

Medicall  data on clinical manifestations of CVD, laboratory parameters, IM T 

measurementss and risk factors were obtained from existing databases. All data were 

verifiedd for the current study by extensive checking of medical records and documents. 

Additionall  MTHFR genotyping was performed. 

Clinicall manifestations of CVD 

Patientss were classified as having clinical manifestations of CVD if the medical history 

includedd at least one of the following anomalies: coronary artery disease, cerebral 

arteriall  disease and peripheral arterial disease. 

**  Coronary artery disease: myocardial infarction documented by characteristic ischemic 

painn in combination with (i) ECG abnormalities (new pathologic Q waves, or loss of 

R-wavee voltage) or (ii) documented release of cardiac markers; percutaneous 

transluminall  coronary angioplasty; coronary artery bypass grafting; anginal complaints 

withh (i) myocardial ischemia documented by objective testing, or (ii) at least one > 

50%% diameter stenosis (coronary angiogram). 

**  Cerebral arterial disease: ischemic stroke documented by CT-scan. 

**  Peripheral arterial disease: intervention by either (i) balloon angioplasty or (ii) bypass 
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surgery;; intermittent claudication documented by an objective test, i.e. (i) ankle-arm 

indexx < 0.9, (ii) duplex Doppler examination or (iii ) > 50% stenosis on angiogram. 

Laboratoryy parameters 

Lipi dd levels were measured 6 weeks after discontinuation of lipid-lowering medication 

andd after overnight fasting. The LDL-cholesterol was calculated with the Friedewald 

formula.. Plasma homocysteine was measured by a high-performance liquid chromoto-

graphyy (HPLC) 7-fluoro-2- oxa-l,3-diazole-4-sulfonate method20 (n=670), and by 

thee HPLC sodium borohydride/ monobromobimane method21 (n=314). Folate was 

measuredd with a commercially available RIA (Dualcount, Solid Phase No Boil Assay, 

DPC,, Los Angeles, CA, USA) (n=189), and with an IM X analyzer (Abbott) (n=82). 

M T H F RR genotyping 

Genomicc D NA was extracted from peripheral blood leukocytes by standard 

procedures.. Al l samples were genotyped in a single procedure22. 

Thee PCR fragments were digested with Hinfl restriction enzyme according to the 

instructionss of the manufacturer (New England Biolabs, BeverIy,MA). The digests 

weree analyzed by electrophoresis in a 2% agarose gel in TBE-buffer. The MTHFR 

genotypee frequencies were compared to those of Dutch controls, reported in an 

earlierr manuscript23. 

Non-invasivee measurements of atherosclerosis: Intima-Media Thickness 

B-modee ultrasound imaged the near and far walls of the left and right common 

carotid,, carotid bulb and internal carotid arterial segments (n= 670). We used Acuson 

1288 XP™ (Mountain View, CA, USA) and Biosound Phase-2™ (BiosoundEsaote, 

USA)) ultrasound machines, equipped with high resolution near field transducers'9,24. 

IM TT was measured off-line from digitally stored images. Sonographers and image 

analystss were not aware of the clinical status of the patients. 

Statisticall analysis 

Differencess between CVD and disease-free groups were analyzed by Student's t test 

forr continuous variables and Chi-square test for nominal variables. Logistic regression 

analysiss was performed with CVD in the medical history as dependent variable. 

Hyperhomocysteinemiaa and all relevant risk factors (age, gender, LDL-cholesterol, 

triglycerides,, BMI , systolic blood pressure, smoking and creatinine) were independent 

variables.. Hyperhomocysteinemia was entered as log-transformed variable, and 
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consecutivelyy defined as homocysteine above the 90th percentile. 

Differencess between the three MTFHR-genotypes were analyzed with ANOVA for 

continuouss variables and Chi-square test for nominal variables. Pearson's correlation 

wass used to assess the univariate association between different variables and IMT. To 

determinee which factors explained the variation of IM T as dependent variable, a 

multiplee regression analysis was carried out. Independent variables were age, creatinine, 

currentt smoking, total cholesterol, homocysteine, MTHFR-genotyping, gender, 

systolicc blood pressure and BMI . 

Inn all statistical analyses, tests were carried out on log-transformed data in case of 

skewedd distributed variables (fasting total homocysteine, triglycerides and folate), 

whilee medians are presented. Statistical analysis was performed using SPSS 10.1. Al l 

PP values were 2-tailed (< 0.05 statistically significant). 

RESULTS S 

Dataa of 1110 patients were available and could be verified in 1107 patients by checking 

thee medical records. The baseline characteristics are summarized in table 1; 411 patients 

(37%)) had clinical manifestations of CVD and CVD rates of both lipid clinics were 

similarr (36.9% vs. 38.4%; p=0.71). Data of mean carotid IM T measurements were 

availablee in 670 patients. Compared to the disease-free group, IMT's were significantly 

largerr in case of CVD: 0.88  0.18 mm versus 0.94  0.21 mm (p < 0.001). These 

patientss also had a significantly higher systolic and diastolic blood pressure and a 

higherr body mass index. 

LDL -- and total cholesterol levels were increased in all FH patients (n=1107), these 

lipi dd levels did not significantly differ between CVD and non-CVD patients. HDL-

cholesteroll  was lower and triglyceride levels higher in patients with CVD. The latter 

patientss had significantly higher median levels of homocysteine than disease-free 

patients:: 12.6 jumol/L versus 11.9 umol/L(p=0.002). Folate, measured in 271 patients, 

showedd comparable levels in both groups, and could therefore not be the cause for 

thee observed homocysteine difference. 
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Tablee 1. Baseline characteristics of patients with and without cardiovascular disease (CYD)* 

Demographics s 

Malee gender 

Age,, years 

Riskk factors 

Currentt smoking 

Systolicc BP, mmHg 

Diastolicc BP, mmHg 

Bodyy mass index, kg/m2 

Laboratoryy Parameters 

Totall  cholesterol, mmol/L 

LDL-cholesterol,, mmol/L 

HDL-cholesterol,, mmol/L 

Triglycerides,, mmol/L 

Fastingg tHcy, jj,mol/L 

Folate,, nmol/L 

Measurementt of atherosclerosis 

Commonn carotid IMT, mm 

CYDD present 

37% % 

(n=411) ) 

52(215/411) ) 

52.44  10.0 

29(114/397) ) 

1311  15 

811 9 

26.44  3.5 

10.33  2.3 

8.22  2.3 

1.166 3 

1.9(0.3-8.2] ] 

12.66 [6.5 - 42.4] 

16.22 [5 - 101] 

0.944  0.21 

CYDD absent 

63% % 

(n== 696) 

499 (342 / 696) 

44.33  11.4 

355 (230 / 652) 

1277  114 

799 9 

25.33  3.6 

10.11  2.0 

8.00  2.0 

1.222 3 

1.6(0.3-18] ] 

11.9(4.8-117] ] 

17.7(3.9-55.2] ] 

0.888 8 

p-value e 

0.3 3 

<0.001 1 

0.03 3 

<0.001 1 

0.007 7 

<0.001 1 

0.1 1 

0.2 2 

0.002 2 

<0.001 1 

0.002 2 

0.8 8 

<0.001 1 

**  Nominal variables are expressed as percentages (number/total). Continuous variables are expressed as 
meann  S.D., except for homocysteine, triglycerides and folate (median and range). BP, blood pressure; 
LDL,, low-density lipoprotein; HDL, high-density lipoprotein; tHcy, total homocysteine; IMT, intima-
mediaa thickness. 

Partt (a) Relationship between plasma homocysteine and CVD 

Too assess the risk of hyperhomocysteinemia associated with CVD, odds ratios were 

calculatedd in a logistic regression model (table 2). CVD was taken as dependent 

variable,, homocysteine above the 90th percentile (>16.6 u.mol/L) as independent 

variable.. Dichotomization was chosen for practical interpretation. Log-trans formed 

totall  homocysteine showed the same significant odds ratio: 1.7 (95% CI: 1.1 - 2.6). 

Afterr adjustment for age, gender, LDL-cholesterol and triglycerides the odds ratio 

wass 1.6 (95% CI: 1.0 — 2.6). Additional correction for BMI , systolic blood pressure 

andd smoking (n=624) yielded a significant odds ratio of 1.9 (95% CI: 1.1 — 3.4). 

Creatininee levels were available in 520 patients. Additional adjustment for creatinine 

yieldedd an odds ratio of 1.5 (95% CI: 0.8 - 3.0), not significant. 
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Tablee 2. Odds ratios for cardiovascular disease associated with hyperhomocysteinemia. 

N N ORR 95% confidence 

interval l 

Hyperhomocysteinemiaa (>90lhpercentile) 

Log-transformedd total homocysteine 

**  Hyperhomocysteinemia (>90,hpercentile) 

Adjustedd for age, gender, LDL-cholesterol 

andd triglycerides 

**  Adjusted for age, gender, LDL-cholesterol 

andd triglycerides, BMI , systolic blood pressure, 

smoking g 

**  Adjusted for age, gender, LDL-cholesterol 

andd triglycerides, BMI , systolic blood pressure, 

smoking,, creatinine 

981 1 

981 1 

957 7 

624 4 

497 7 

1.7 7 

1.7 7 

1.6 6 

1.9 9 

1.5 5 

1.11 -2.6 

1.11 -2.6 

1.0-2.6 6 

1.11 -3.4 

0.88 - 3.0 

OR,, odds ratio; In, natural logarithm; LD1, low-density lipoprotein; BMI, body mass index. 

Partt (b) Relationship between MTHFR-genotype, plasma homocysteine, CVD 

andd IMT 

Inn 877 patients, MTHFR genotype frequencies were evaluated. Table 3 shows the 

distributionn of the different genotypes. The prevalence of genotypes was: CC 47%, 

CTT 46% and TT 7%; for Dutch controls (n=1250) the genotype distribution was 49, 

422 and 9% respectively21. The frequencies in FH patients and controls were similar 

(X2=0.95,, d f - 2, p> 0.2). The FH heterozygotes carrying the MTHFR TT-gcnotype 

showedd significantly higher median levels of homocysteine than carriers of the other 

twoo genotypes: 13.2 versus 12.0 versus 12.3 (p < 0.001). The frequencies of CVD 

(399 % vs. 37% and 36%; p= 0.86), and IM T (0.87 vs. 0.91 and 0.89; p= 0.35) were 

similarr for the genotypes. 

Too assess the influence of folate levels on the outcomes, we distinguished a subgroup 

withh folate levels below the 50th percentile (17.1 nmoi/L), and a subgroup with levels 

equall  or above. In patients with folate levels below the 50th percentile homocysteine 

significantlyy increased in the TT-gcnotype compared to the CC- and CT-gcnotype 

(13.55 vs. 12.9 vs. 12.1 (amol/L, p=0.02). Patients with folate levels of the 50th percentile 

andd higher showed no difference in homocysteine levels between the three genotypes 

(10.88 vs. 10.5 vs. 10.6 |Umol/L; p=0.9). In patients of both subgroups the frequency 

off  CVD and IM T were similar for the three genotypes. 
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Tablee 3. Total homocysteine, intima media thickness and frequency of cardiovascular disease 

accordingg to MTHFR-genotype*. 

tHcy,, Umol/L 

IMT ,, mm 

CVD,, % 

CC C 

47% % 

(n== 410) 

12.0 0 

0.91 1 

37 7 

MTHFR-genotype e 

CT T 

46% % 

(n== 403) 

12.3 3 

0.89 9 

36 6 

TT T 

7% % 

(n== 64) 

13.2+ + 

0.87 7 

39 9 

p-value e 

<0.001 1 

0.35 5 

0.86 6 

++ Total homocysteine expressed as median, IMT as mean, C\T) as percentage. + Value significandy different 
fromm other two homocysteine values (Bonferroni). MTHFR methylenetetrahydrofolate reductase; tHcy, 
totall  homocysteine; IMT, intima-media thickness; C\T), cardiovascular disease. 

Onn univariate analysis, Pearson correlation coefficients between all different risk 

factorss and IM T were evaluated. The variables, which positively correlated with IMT , 

age,, BMI , systolic blood pressure, total cholesterol, triglycerides and creatinine are 

summarizedd in table 4. No correlation was found between IM T and homocysteine, 

orr with folate. 

Tablee 4. Correlates of intima-media thickness. 

Variable e 

Significantlyy associated 

Age e 

BMI I 

Systolicc blood pressure 

Totall  cholesterol 

Triglycerides s 

Creatinine e 

R R 

0.443 3 

0.112 2 

0.183 3 

0.217 7 

0.125 5 

0.175 5 

p-value e 

<0.001 1 

0.004 4 

<0.001 1 

<0.001 1 

0.001 1 

«3.001 1 

Non-significantlyy associated 

Totall  homocysteine 0.064 0.1 

Folatee -0.078 0.2 

R,, Pearson's correlation coefficient; BMI, body mass index. 
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Tablee 5. Multiple regression analyses. Outcome variable: common carotid intimal medial thickness. 

Modell 1 Model 2 Model 3 

st.. Beta p-value st. Beta p-value st. Beta p-value 

Age e 
Creatinine e 

Currentt smoking 

Totall  cholesterol 

Gender,, men vs. women 

Systolicc blood pressure 

BMI I 

Totall  homocysteine 

MTHFRR CT-genotype 

'IT-genotype e 

R: : 

0.428 8 

0.208 8 

0.213 3 

<< Ü.U01 

<< 0.001 

<< 0.001 

0.411 1 

0.205 5 

0.138 8 

0.133 3 

0.246 6 

<< 0.001 

<< 0.001 

0.001 1 

0.001 1 

<< 0.001 

0.421 1 

0.228 8 

0.012 2 

0.098 8 

0.020 0 

0.008 8 

0.034 4 

-0.012 2 

-0.039 9 

-0.005 5 

0.257 7 

<< 0.001 

<< 0.001 

0.01 1 

0.033 3 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

<< 0.001 

st.. Beta, standardized Beta; BMI, body mass index; MTHFR, mcthvlenetctrahydrofolate reductase; n.s., 
nott significant. 

Inn multiple regression analysis, mean carotid IM T was included as outcome variable. 

Threee models were considered with different sets of independent variables (table 5). 

Inn Model 1, age and creatinine explained 21.3% of the variation. Model 2 shows current 

smokingg and total cholesterol to add signifkandy to the model (R2=:0.246). Model 3 

showss homocysteine and MTHFR-genotype, as well as gender, systolic blood pressure 

andd BMI , not to contribute to the variation in IMT. 

DISCUSSION N 

Wee assessed the relationship between plasma homocysteine levels and vascular disease 

inn a large cohort of FH patients with two different approaches. In the first part, FH 

patientss with CVD were shown, in a case-control design, to have higher homocysteine 

levelss than those without CVD. The accompanying odds ratios suggest that 

hyperhomocysteinemiaa is indeed an independent predictor of atherosclerotic 

cardiovascularr disease. In the second part, we studied the MTHFR IT'-genotype, a 

causee of life-long hyperhomocysteinemia. This offered us the opportunity to study 
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thee relationship between elevated homocysteine levels from birth onwards on the 

occurrencee rate of CVD in a prospective-like design. Furthermore, IMT , a marker 

off  subclinical atherosclerosis, was introduced as a second outcome parameter. Results 

showw that the MTHFR TT-genotype indeed increases plasma homocysteine levels, 

butt it does not increase cardiovascular event rate or IMT . Even more remarkable is 

thatt neither MTHFR nor homocysteine is associated with IMT . These latter findings 

aree in favor of the view that hyperhomocysteinemia is not a causal factor in 

atherogenesis,, but merely a consequence in patients with CVD. 

Variouss authors emphasize the potential reasons for the differences in outcome 

betweenn prospective, cross-sectional and retrospective studies with regard to the 

causalityy of hyperhomocysteinemia in atherogenesis'"3. Methodological differences, 

suchh as choice of outcome parameter and study design are generally hypothesized to 

bee a major consequence, we feel that this is illustrated in our study. 

Thee most likely explanation for our findings could be the fact that homocysteine 

levelss were elevated as a consequence of cardiovascular events, rather than being a 

causall  factor. Indeed, studies show that homocysteine increases during the acute 

phasee of cardiovascular events2S,2f'. This may explain that both case-control studies, 

basedd on established atherosclerotic disease, as well as prospective studies focusing 

onn atherosclerotic events at baseline, revealed increased odds ratios for CVD27, in 

supportt of a causative role for homocysteine28. Extensive research is focusing on the 

pathophysiologicall  mechanism by which homocysteine could be atherogenic. Possible 

mechanismss are endothelial dysfunction, oxidation of LDL cholesterol, vascular 

smoothh muscle cell proliferation or coagulation abnormalities. Despite intensive 

efforts,, the exact mechanism is, as yet, not known3 ̂  We did not study potential 

mechanisms,, but we hypothesize that the actual event itself might elevate homocysteine 

levels,, for example as an acute-phase reactant. 

Inn our study, the MTHFR TT-genotype did not increase the risk of atherosclerosis. 

Thiss is in agreement with other studies, such as the largest meta-analysis of 23 studics2!J. 

Somee investigators30 disagree with this conclusion and postulate that the slightly 

increasedd but non-significant odds ratios frequently found are well within the range 

off  the estimates in the meta-analyses of Boushey et al.31 and Refsum et al.32. These 

meta-analysess showed that a 1 Jimol/L increase in total homocysteine was associated 

withh a 10% increased risk of CVD. We, in our cohort, arrive at a different conclusion, 

albeitt with similar calculations. The difference between mean homocysteine levels of 

MTHFRR TT- and CC-gcnotypes is 18.5 minus 12.3 (imol/L or 6.2 fimol/L , and 

113 3 



Chapterr 8 

consequentlyy an odds ratio of 1.62 could be expected. In fact, we find an odds ratio 

off  1.08 (95% CI: 0.63 - 1.9). Although granted that the calculated OR is within the 

confidencee interval, the actual ratio is quite far from the calculated one. 

Anotherr ongoing argument is that the MTHFR TT-genotype carries only an increased 

riskk in patients with a low folate status". In contrast, we could find no increased risk 

off  CVD in patients who are homozygous for the TT-genotype in patients with low 

folatee levels. 

Inn conclusion, FH patients with CVD show significantly increased plasma homocysteine 

levels.. However, whereas those with the MTHFR TT-genotype have significantly 

increasedd homocysteine levels, this is neither reflected in CVD frequency nor in carotid 

IMT .. In concordance, homocysteine is not correlated with IMT. These findings are 

argumentss against a causal relationship between homocysteine and atherosclerosis in 

thesee patients. Furthermore, study design and choice of the outcome parameter are of 

majorr influence. Hyperhomocysteinemia is merely a finding in FH patients with CVD 

andd can therefore be considered a consequence rather than a cause. 
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