Plasma total homocysteine is associated with
abdominal aortic aneurysm and aortic diameter in
older men
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Objective: This study was conducted to determine whether plasma total homocysteine (tHcy) and the methylenete-
trahydrofolate reductase (MTHFR) C677T polymorphism are associated with abdominal aortic aneurysm (AAA) and
aortic diameter.

Methods: This was a cross-sectional study set in Western Australia of 4248 community-dwelling men aged 70 to 88 years.
Infrarenal aortic diameter was measured using ultrasound scan, tHcy was measured by immunoassay, and MTHFR 677T
polymorphism was detected by polymerase chain reaction.

Results: Adjusted multinomial logistic regression analysis showed the odds of having an AAA (aortic diameter =30 mm)
for men with high tHcy (=15 pmol/L) compared with those with normal tHcy (<15 pmol/L) was 1.45 (95% confidence
interval [CI], 1.10-1.91). Every 5-pmol/L increment in tHcy was associated with 0.15-mm (95% CI, 0.01-0.28 mm)
increase in mean aortic diameter. The tHcy concentration was higher in MTHFR TT homozygote individuals than in
wild-type CC individuals. There was, however, no apparent association between MTHFR C677T polymorphism with
AAA (TT vs CC genotype: odds ratio, 0.97; 95% CI, 0.72-1.31) or aortic diameter (TT vs CC genotype: mean increment
of 0.01 mm; 95% CI, —0.63 to 0.65 mm).

Conclusions: Elevated tHcy is associated with the presence of AAA in older men. There is also a positive dose-response
relationship between tHcy and abdominal aortic diameter. Longitudinal studies and clinical trials of lowering tHcy are

required to assess whether these relationships are causal. (J Vasc Surg 2013;58:364-70.)

Abdominal aortic aneurysm (AAA) affects ~5% of
men aged =65 years." Many of the risk factors for AAA
are similar to those for atherosclerosis, including age,
family history, smoking, dyslipidemia, hypertension, and
obesity.>® AAA has traditionally been regarded as a conse-
quence of atherosclerosis.* However, epidemiologic differ-
ences, such as the inverse association of diabetes with
AAA, suggest disparate pathogenesis.>® Interest in the
cause of AAA has been stimulated by the current absence
of an effective drug therapy that limits AAA progression.”
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Homocysteine (Hcy) is a nonprotein amino acid
derived from the hepatic metabolism (demethylation) of
the essential sulfur-containing amino acid, methionine.
It is a substrate for three competing metabolic path-
ways. Hey can be remethylated to methionine through
(1) a “salvage pathway” (the folate cycle), a process that
requires folate and B vitamins as cofactors, and (2) the
hepatic betaine-Hcy-methyltransferase reaction. It can
also be irreversibly converted via the trans-sulfuration
pathway in the liver and kidney to cystathionine and
cysteine. Elevated plasma total Hey (tHcy) has been exten-
sively correlated with vascular events, including myocardial
infarction and stroke.®” Tts association with AAA is
controversial, however, because previous studies have
provided discordant findings.'®'® The possibility of
reverse causality bias and residual confounding in these
studies precluded the establishment of a causal link
between tHcy and AAA.

Clinical studies have used the principle of Mendelian
randomization to explore the nature of the association
between tHcy and AAA, and their results have been equiv-
ocal 1% This is based on the concept that the
random assortment of alleles at the time of gamete forma-
tion creates a randomized trial of genetic polymorphisms
with a greater or lower expression of the relevant protein
from birth onward, and hence, the relationship between
the genetic variant, the risk factor of interest, and the
outcome is not susceptible to the common biases or
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confounding that are prevailing in observational studies.*°

It has been well documented that a commonly occurring
methylenetetrahydrofolate reductase (MTHEFR) gene variant,
677T, encodes a defective enzyme with reduced catalytic
activity in the formation of 5-methyltetrahydrofolate.
The latter is the methyl donor needed for the conversion
of Hey to methionine, thereby increasing basal plasma tHcy
by ~20%.2" On the basis of the theory of Mendelian random-
ization, the MTHFR C677T genotypes should have no
direct effect on AAA other than that mediated by tHcy
concentration.*?

In this study, we sought to determine whether any rela-
tionship exists between tHcy and the presence of AAA and
aortic diameter in a large cohort of community-dwelling
men aged 70 to 88 years, while accounting for the tradi-
tional risk factors for AAA and other comorbidities. In an
attempt to further explore the potential causal role of
tHcy on AAA, we also investigated the association between
the MTHER C667T polymorphism with AAA and aortic
diameter in this cohort of older men.

METHODS

The Human Research Ethics Committee of the
University of Western Australia approved the protocol for
the Health in Men Study (HIMS), which was conducted
in accordance with the Helsinki Declaration for Human
Rights.

Study design and participants. We conducted a
cross-sectional study of participants from the HIMS,
which has been described in detail elsewhere.?® In brief,
12,203 community-dwelling men aged 65 to 83 years
participated in a trial of screening for AAA. Each man
completed a health assessment between 1996 and 1999
(HIMS Wave 1). In 2001 to 2004, 5154 men responded
to the second phase of this study (HIMS Wave 2), and
blood samples were collected from 4249 of these
individuals.

Outcome of interest. The abdominal aortic diameter
was measured during HIMS Wave 1. The greatest trans-
verse and anteroposterior diameter of the infrarenal aorta
was measured using a Toshiba Capasee ultrasound
machine with a 3.75-MHz probe (Toshiba Australia,
North Ryde, NSW, Australia). The reproducibility of these
ultrasound measurements has been previously reported.**
An AAA was considered present if the abdominal aortic
diameter was =30 mm.

Biochemical analyses. Blood samples were collected
during HIMS Wave 2 between 0800 and 1030. Plasma
was separated from the blood samples =1 hour of collec-
tion and stored at —80°C until assayed. Presence of tHcy
was measured by fluorescence polarization immunoassay
on an IMx analyzer (Abbott Laboratories, Abbott Park,
Il1).° The interassay coefficient of variation was 4%.
Genomic DNA was isolated from nucleated blood cells by
using the Triton X-100 method, and the nt677C—T
mutation was determined using polymerase chain reaction.
HinfT restriction enzyme digestion was performed directly
in the polymerase chain reaction tube at 37°C for 4 hours
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before analysis of restriction fragments by polyacrylamide
gel electrophoresis, as previously described.?® Allele
frequencies were estimated by gene counting, and the
genotype distribution was compared with those expected
under Hardy-Weinberg equilibrium.

Serum high-sensitivity C-reactive protein was measured
with assay on a BNII analyzer (Dade Behring, Birming-
ham, UK). Serum creatinine, glucose, cholesterol, low-
density lipoprotein, and triglycerides were measured
with a Roche Hitachi 917 analyzer (Roche Diagnostics,
Indianapolis, Ind).

Other explanatory variables. Variables available from
the Wave 2 assessment were age, smoking status (current,
former, or never smoker), and taking B-vitamin supple-
ments or not. Data from Waves 1 and 2 were used to deter-
mine the prevalence of cardiovascular disease (CVD; self-
reported history of angina, myocardial infarction, heart
failure, coronary artery bypass grafting, coronary angio-
plasty, carotid endarterectomy, aortic bypass surgery,
peripheral arterial surgery or stroke, or use of antiplatelet
medications for these conditions), hypertension (self-re-
ported diagnosis, use of antihypertensive medications, or
measured blood pressure =140,/90 mm Hg), diabetes (self-
reported diagnosis or use of glucose-lowering medication,
or fasting glucose of =7 mmol /L or nonfasting glucose of
=11 mmol/L) and dyslipidemia (self-reported diagnosis,
use of lipid-lowering medication, or fasting low-density
lipoprotein  =3.4 mmol/L, high-density lipoprotein
<0.9 mmol/L, triglycerides =1.8 mmol/L, or total
cholesterol =5.5 mmol/L).

To calculate the weighted Charlson Comorbidity
Index (CCI),>” we obtained the health records and death
certificates (until the end of Wave 2) from the Western
Australian Data Linkage System. This database provides
electronic linkage to the state’s use of health services and
medical morbidities.*® Seventeen common medical condi-
tions that predict 1-year mortality were accounted for:
myocardial infarction, congestive heart failure, peripheral
arterial disease, cerebrovascular disease, dementia, chronic
pulmonary disease, connective tissue disease, ulcers, liver
disease, diabetes (including diabetes with end-organ
damage), hemiplegia, renal discase, leukemia, lymphoma,
other tumors, metastatic tumors, and acquired immunode-
ficiency syndrome. The number and seriousness of these
comorbid diseases were evaluated by assigning integer
weights to these conditions using adjusted relative risks
and developing a composite index score that ranged from
0 to 37.%7

Height, weight, and waist circumference were
measured during Wave 2 in accordance with guidelines of
the International Society for the Advancement of Kinan-
thropometry.?’ Height and weight were used to calculate
body mass index (BMI, kg/m?).

Statistical analysis. Data were analyzed using Stata
11.1 software (StataCorp, College Station, Tex). Descrip-
tive statistics were calculated for the demographic, lifestyle,
and clinical variables according to the presence or absence of
AAA. Concentration of tHcy was dichotomized into high
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tHcy (=15 pmol/L) and normal tHey (<15 pmol/L), as
determined by the laboratory’s reference range. Aortic
diameter was divided into intervals of <19, 19 to 22, 23
to 29, and =30 mm, based on standard deviations (SDs)
of logarithmic diameter.* tHcy was modeled as categoric
and continuous variables according to whether tHcy was
=15 umol/L, per 5-pmol/L increment in tHcy, and
doubling of tHcy concentration (by dividing the natural
logarithm of tHcy by the natural logarithm of 2).

Multinomial logistic regression analyses were per-
formed to assess for any dose-response relationship
between tHcy and aortic diameter intervals, using a refer-
ence interval of 19 to 22 mm. Linear regression analyses
were performed with aortic diameter modeled as a contin-
uous variable. Analyses were also repeated after logarithmic
transformations of the aortic diameter due to its positively
skewed distribution. Adjustments were made for age,
smoking, CVD, diabetes, hypertension, dyslipidemia,
CCI, BMI, and serum creatinine as potential confounders.
The results are reported as odds ratios (ORs) with 95%
confidence intervals (95% CIs). P <.05 was considered
statistically significant.

Descriptive statistics were used to calculate the distri-
bution of the MTHFR genotypes according to AAA. Anal-
ysis of variance and linear regression analysis were used to
explore the association of the MTHFR genotypes with
tHcy. Linear and multinomial logistic regression analyses
were performed to investigate the relationship between
the MTHFR polymorphism with aortic diameter and
AAA, using the CC genotype and aortic diameter interval
of 19 to 22 mm as references.

RESULTS

Sociodemographic, clinical, and biochemical charac-
teristics of the study population, according to the presence
or absence of AAA, are reported in Table I. Complete
tHcy and aortic diameter measurements were available
for 4248 men, aged 70 to 88 years; of these, 1120
men (26.3%) had high tHcy (=15 pmol/L) and the
mean * SD tHcy concentration for the cohort was
13.4 £ 5.6 pmol/L. None of the participants had homo-
cystinuria. AAA (aortic diameter =30 mm) was present in
318 men (7.5%), and the mean = SD aortic diameter for
the cohort was 22.8 * 4.9 mm (range, 15.9-79.2 mm).

Association of tHcy with AAA. An incremental asso-
ciation was found between tHcy and aortic diameter inter-
vals (P < .001; Table IT). Adjustments were made for age,
smoking, CVD, diabetes, hypertension, dyslipidemia, CCI,
BMI, and serum creatinine. At a reference interval of 19
to 22 mm, the OR of having an AAA (aortic diameter
=30 mm) for men with high tHcy (=15 pmol/L)
compared with those with normal tHey (< 15 pmol/L)
was 1.45 (95% CI, 1.10-1.91). The association persisted
when tHcy was modeled as continuous variables. The Fig
demonstrates the OR of having an AAA with changing
tHcy concentrations, with tHcy entered into the models as
restricted cubic splines.°
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Table I. Demographic, lifestyle, and clinical
characteristics of the study population according to the
presence or absence of abdominal aortic aneurysm (AAA)

AAA No AAA

Variable” (n = 318) (n = 3930) P
Age, years 777 * 4.1 765 £3.6 <.001
Smoking

Current smoker 37 (11.7) 179 (4.6) <.001

Former smoker 240 (75.7) 2371 (60.3)

Never smoked 41 (12.6) 1380 (35.1)
Taking B-vitamin 15 (4.7) 231 (5.9) .395

supplement
Cardiovascular disease 208 (65.4) 1625 (41.3) <.001
Diabetes 67 (21.1) 596 (15.2) .005
Hypertension 307 (96.5) 3452 (87.8) <.001
Dyslipidemia 262 (82.4) 2740 (69.7) <.001
CCI =5 29 (9.1) 146 (3.7) <.001
BMI, kg/m? 27.1 = 3.8 26.5 + 3.6 .006
Aortic diameter, mm 364 75 21.8 =+ 2.6 <.001
Plasma tHcy, pmol/L 15.1 £ 6.1 132 £ 5.1 <.001
hsCRP, mg/L 49 =84 37+73 .008
Creatinine, pmol/L 104.8 = 409 928 =30.6 <.001

BMI, Body mass index; CCI, Charlson Comorbidity Index; AsCRP, high-
sensitivity C-reactive protein; Hcy, total homocysteine.

*Continuous data are presented as mean * standard deviation and categoric
data as number (%).

Association of tHcy with aortic diameter. Multivar-
iate linear regression analyses showed men with high tHcy
had a 0.41-mm (95% CI, 0.06-0.77 mm) larger mean
aortic diameter than those with normal tHcy concentra-
tions. Every 5-umol/L increment in tHcy was associated
with 0.15-mm (95% CI, 0.01-0.28 mm) larger mean aortic
diameter. Doubling of tHcy was associated with 0.39-mm
(95% CI, 0.05-0.73 mm) larger mean aortic diameter.
These associations persisted when aortic diameter was
log-transformed (data not shown).

Sensitivity analyses. We performed a sensitivity
analysis by excluding men who reported taking B vitamin
supplements. When this was done, the odds of having
an AAA for men with high tHcy and not taking B vitamin
supplements were not altered to a great extent compared
with those with normal tHcy (OR, 1.48; 95% CI,
1.11-1.96). When high-sensitivity C-reactive protein was
included in the model of tHcy and AAA, the effect
estimate remained similar (OR, 1.44; 95% CI, 1.09-1.90).

Association of MTHFR polymorphism with AAA
and aortic diameter. MTHFR polymorphism data were
available for 4130 men. The distribution of the MTHFR
genotypes was similar for participants with and without
AAA: CC, 281 (45.5%); CT, 267 (43.3%); and TT, 69
(11.2%) for men with AAA, and CC, 1549 (44.1%); CT,
1566 (44.6%); and TT, 398 (11.3%) for the remaining
men (P = .795). The genotype distribution was in
Hardy-Weinberg equilibrium (exact test, P = .773).
Mean * SD aortic diameters were 24.1 = 6.5,23.8 = 6.1,
and 24.1 = 6.2 mm for men with the CC, CT, and TT
genotypes, respectively (F = 1.08, P = .341). As reported
previously.®® The mean (= SD) tHcy concentration
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Table II. Multinomial logistic regression models® evaluating the association of plasma total homocysteine (#Hcy) with

aortic diameter intervals in community-dwelling older men

Aortic diameter intervals

Variables <19 mm (n = 440)

19-22 mm (n = 2427)

23-29 mm (n = 1063) =30 mm (n = 318)

12.8 * 5.0
0.76 (0.58-1.00)
0.90 (0.79-1.02)
0.76 (0.58-0.97)

tHcy, pmol /L°

tHey =15 pmol/L°

Per 5-umol/L increment in tHey®
Doubling of tHey®

131 + 5.1 138 £5.1 15.1 £ 6.1

Reference 1.20 (1.00-1.43) 1.45 (1.10-1.91)
Reference 1.06 (0.99-1.14) 1.12 (1.02-1.23)
Reference 1.14 (0.96-1.36) 1.50 (1.14-1.99)

BMI, Body mass index; CCI, Charlson Comorbidity Index; CI, confidence interval; OR, odds ratio.
*Adjusted for age, smoking status, cardiovascular disease, hypertension, dyslipidemia, diabetes, CCI score, BMI, and serum creatinine.

®Data shown as mean * standard deviation or the OR (95% CI).

“OR (95% CI) presented for high tHey (=15 pmol/L) relative to normal tHcy (<15 pmol/L), and per 5-pmol/L increment in tHey and doubling of tHcy.

tHey (micromol/L)

Fig. Odds ratio (OR; solid line) of an abdominal aortic aneurysm
(AAA) (aortic diameter =30 mm) with changing plasma total
homocysteine (#Hcy) levels is shown. Levels of tHcy are entered
into the models as restricted cubic splines (3 knots) with a refer-
ence value of 9 pmol/L (median of the lowest quartile of tHey
concentrations). The tHcy scale of 8 to 22 pumol /L relates to the
range between the 5th and 95th percentiles of values (n = 3823).
The dashed lines denote 95% confidence interval (CI).

was 13.1 £ 5.1,13.5 £ 49, and 14.4 = 9.7 umol/L for
men with the CC, CT and TT genotypes, respectively
(F=10.16, P < .001).

Linear and multinomial logistic regression analyses
showed no apparent association between MTHEFR poly-
morphism with aortic diameter and AAA (Table III).
The OR of having an AAA was 095 (95% CI,
0.79-1.15) for men with the CT genotype and 0.97
(95% CI, 0.72-1.31) for men with the TT genotype
compared with those with the CC genotype. Men with
the CT genotype had a reduction of 0.29 mm (95%
CI, —0.69 to 0.12 mm) in mean aortic diameter; however,
men with the TT genotype had an increment of 0.01 mm
(95% CI, —0.63 to 0.65 mm) in diameter.

DISCUSSION

Our results provide further evidence for an association
between elevated tHcy and the presence of AAA,

independent of the traditional CVD risk burden and other
comorbidities. The risk of having an AAA for men with
high tHcy is 45% higher compared with those with normal
tHcy concentrations. tHcy is also correlated with abdom-
inal aortic diameter in a positive dose-response relationship,
with every 5-pumol/L increment in tHcy being associated
with 0.15-mm larger mean aortic diameter. These findings
suggest that elevated tHcy could be an epiphenomenon or
have a role in the development of an AAA in aging men.

The strengths of this study include the large sample
size of robustly characterized, population-based, commu-
nity-dwelling older men. We were able to comprehensively
adjust for potential confounders in our multivariate anal-
yses, including age, smoking, CVD, and risk factors that
have established associations with tHcy and AAA. The
addition of other variables that might modify the relation-
ship, including statin and antiplatelet therapies, did not
significantly alter the effect estimates. Measurement of
the aortic diameter was performed in a standardized proce-
dure using ultrasound imaging.

A major limitation would be that blood samples were
obtained from the participants several years (5.7 = 0.9
years) after the baseline aortic diameter measurements. It
is possible that the aortic diameters in our cohort could
have increased by a small margin in the time interval.®?
However, it is unlikely that the small number of interval
cases of AAA would have substantially altered the results.
The cross-sectional design of our study and the lack of
serial assessments of tHcy concentration or aortic diameter
also preclude determination of causality. Our findings
could reflect reverse causality, with higher comorbidities
in men with an AAA at baseline leading to less physical
activity and poorer diet, and consequently, higher tHcy
concentrations.

Our findings are conservative due to a possible
“healthy survivor” effect. Participants who had responded
for the Wave 2 assessment were younger (P < .001), more
physically active (P < .001), and had fewer self-reported
comorbidities (P < .001) during Wave 1 compared with
the nonrespondents of the follow-up study. This self-
selection of participants might have biased our findings
toward lower tHcy concentrations in our cohort compared
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Table ITI. Multinomial logistic regression models evaluating the association of the methylenetetrahydrofolate reductase
(MTHFR) C677T polymorphism with aortic diameter intervals in community-dwelling older men

Aortic diameter intervals

MTHEFR C677T

polymorphisms” <19 mm 19-22 mm 23-29 mm =30 mm
CT genotype 1.18 (0.94-1.48) Reference 0.99 (0.84-1.16) 0.95 (0.79-1.15)
TT genotype 0.91 (0.62-1.33) Reference 1.10 (0.86-1.41) 0.97 (0.72-1.31)

CI, Confidence interval, OR, odds ratio.

*OR (95% CI) presented for CT and TT genotypes relative to CC genotype.

with the nonrespondents, and therefore, move our results
toward the null hypothesis, leading to an underestimation
of the magnitude of the association between tHcy with
AAA.

Finally, our data for B vitamin supplementation was
based on self-reported history. By not having access to B
vitamin concentrations, we were therefore unable to defin-
itively account for possible effects due to the prevailing
folate concentration.

Hcy influences a range of molecular pathways of poten-
tial relevance to the pathogenesis of AAA, some of which
may be different from those implicated in atherosclerosis.
Experimentally, Hey induces endothelial dysfunction and
matrix remodeling in part by stimulating the secretion of
matrix metalloproteases and release of reactive oxygen
species, which are implicated in AAA pathogenesis.®*3°
Immune mechanisms may also be important in AAA
formation.*>¥” Hcy stimulates chemokine and cytokine
secretion from cultured human monocytes and has been
implicated in suppressing regulatory T-cell function.?3°
Homocysteinylation, which is a manifestation of Hcy
toxicity, is characterized by a nonenzymatic chemical reac-
tion that can cause structural protein inactivation, with
consequent destruction of the aortic wall** A recent
animal study demonstrated that hyperhomocysteinemia
contributes to the development of AAA through aortic
adventitial inflammation, a process that is reversible with
folic acid supplementation.*!

Although we have demonstrated a statistically signifi-
cant quantitative association between elevated tHcy with
the enlargement of the abdominal aortic diameter by
mere fractions of a millimeter, these small differences are
of limited clinical significance for an individual person.
Despite this, findings from previous experimental studies
have indicated that this association is biologically plausible,
suggesting the possibility that Hcy-lowering strategies
could limit AAA formation in humans.

To our knowledge, this is the largest epidemiologic
study to demonstrate an independent association between
elevated tHcy with the presence of AAA and aortic diam-
eter. Brunelli et al'' were the first to conduct a case-
control study of 58 men and reported a sixfold increase
in the likelihood of having AAA with hyperhomocysteine-
mia (OR, 6.0; 95% CI, 1.2-29.6). Subsequent studies
further implicated tHcy in the pathophysiology of
AAA 10142244 Regearchers also found that patients with

AAA had lower levels of vitamin Bj,, which is important
in the regulation of tHcy concentrations.'®> However,
discrepant results have emerged from other studies that
may be limited by patient selection and residual confound-
ing.!2!5:16 Further exploration of this relationship with
adequately powered longitudinal studies and clinical trials
would be required to have an improved understanding
of any role homocysteine metabolism plays in AAA
pathogenesis.

In our study, tHcy concentrations were elevated with
the MTHFR 677T variant compared with the 677C or
“wild” allele. However, no obvious association was found
between the T allele and the presence of AAA and aortic
diameter. We performed a retrospective power calculation
(80% power with an o0 = .05) and deduced that the study
would require >1 million participants (~ 300,000 men
with the TT genotype) to detect an effect size of 0.03-mm
increase in mean aortic diameter associated with
a 1-pmol/L increment in tHcy (effect size derived from
our multivariate linear regression analysis). Similarly, other
studies would have been clearly underpowered to establish
an association.'® 771 When a meta-analysis of these
studies was conducted (~2300 individuals), an increased
risk of AAA associated with the T allele variant (risk ratio,
1.14,95% CI, 1.08-1.21) was obtained.*® This is supportive
of'a causal link between hyperhomocysteinanemia and AAA.

CONCLUSIONS

Elevated tHcy is associated with the presence of AAA
in older men, independent of the traditional CVD risk
burden and other comorbidities. There is also a positive
dose-response relationship between tHcy and abdominal
aortic diameter, suggesting a role of tHcy in AAA develop-
ment in aging men. However, Mendelian randomization to
the MTHER TT genotype is not associated with AAA or
aortic diameter, despite higher tHcy. The discordance in
these findings may reflect confounding or random error.
Longitudinal studies and clinical trials of lowering tHcy
are required to assess whether these relationships are causal.

AUTHOR CONTRIBUTIONS

Conception and design: YW, LF, PN

Analysis and interpretation: YW, JG, LF, KM, GH, FB,
BY, PN

Data collection: LF, GH, FB, BY, PN



JOURNAL OF VASCULAR SURGERY
Volume 58, Number 2

Writing the article: YW
Critical revision of the article: JG, LF, KM, GH, FB,

BY, PN

Final approval of the article: YW, JG, LF, KM, GH, FB,

BY, PN

Statistical analysis: YW, KM
Obtained funding: LF, GH, PN
Overall responsibility: YW

REFERENCES

1.

10.

11.

13.

14.

16.

17.

18.

Chichester Aneurysm Screening Group, Viborg Aneurysm Screening
Study, Western Australian Abdominal Aortic Aneurysm Programme,
Multicentre Aneurysm Screening Study. A comparative study of the
prevalence of abdominal aortic aneurysms in the United Kingdom,
Denmark, and Australia. ] Med Screen 2001;8:46-50.

. Jamrozik K, Norman PE, Spencer CA, Parsons RW, Tuohy R,

Lawrence-Brown MM, et al. Screening for abdominal aortic aneurysm:
lessons from a population-based study. Med J Aust 2000;173:345-50.

. Golledge J, Muller J, Daugherty A, Norman P. Abdominal aortic

aneurysm: pathogenesis and implications for management. Arterioscler
Thromb Vasc Biol 2006;26:2605-13.

. Norman P, Le M, Pearce C, Jamrozik K. Infrarenal aortic diameter

predicts all-cause mortality. Arterioscl Throm Vas 2004;24:1278-82.

. Le MT, Jamrozik K, Davis TM, Norman PE. Negative association

between infra-renal aortic diameter and glycaemia: the Health in Men
Study. Eur J Vasc Endovasc Surg 2007;33:599-604.

. Golledge J, Norman PE. Atherosclerosis and abdominal aortic

aneurysm: cause, response, or common risk factors? Arterioscler
Thromb Vasc Biol 2010;30:1075-7.

. Golledge J, Norman PE. Current status of medical management for

abdominal aortic aneurysm. Atherosclerosis 2011;217:57-63.

. Wald DS, Morris JK, Wald NJ. Reconciling the evidence on serum

homocysteine and ischaemic heart disease: a meta-analysis. PLoS One
2011;6:¢16473.

. Selhub J. The many facets of hyperhomocysteinemia: studies from the

Framingham cohorts. ] Nutr 2006;136:1726S-30S.

Sofi F, Marcucci R, Giusti B, Pratesi G, Lari B, Sestini I, et al. High
levels of homocysteine, lipoprotein (a) and plasminogen activator
inhibitor-1 are present in patients with abdominal aortic aneurysm.
Thromb Haemost 2005;94:1094-8.

Brunelli T, Prisco D, Fedi S, Rogolino A, Farsi A, Marcucci R, et al.
High prevalence of mild hyperhomocysteinemia in patients with
abdominal aortic aneurysm. J Vasc Surg 2000;32:531-6.

. Peeters AC, van Landeghem BA, Graafsma SJ, Kranendonk SE,

Hermus AR, Blom HJ, et al. Low vitamin B6, and not plasma
homocysteine concentration, as risk factor for abdominal aortic aneu-
rysm: a retrospective case-control study. J Vasc Surg 2007;45:701-5.
Warsi AA, Davies B, Morris-Stiff G, Hullin D, Lewis MH. Abdominal
aortic aneurysm and its correlation to plasma homocysteine, and vita-
mins. Eur J Vasc Endovasc Surg 2004;27:75-9.

Spark JI, Laws P, Fitridge R. The incidence of hyperhomocysteinacmia
in vascular patients. Eur J Vasc Endovasc Surg 2003;26:558-61.

. Arapoglou V, Kondi-Pafiti A, Rizos D, Kotsis T, Kalkandis C,

Katsenis K. The influence of total plasma homocysteine and traditional
atherosclerotic risk factors on degree of abdominal aortic aneurysm
tissue inflammation. Vasc Endovascular Surg 2009;43:473-9.
Laughlin GA, Allison MA, Jensky NE, Aboyans V, Wong ND,
Detrano R, et al. Abdominal aortic diameter and vascular atheroscle-
rosis: the Multi-Ethnic Study of Atherosclerosis. Eur J Vasc Endovasc
Surg 2011;41:481-7.

Ferrara F, Novo S, Grimaudo S, Raimondi F, Meli F, Amato C, et al.
Methylenetetrahydrofolate reductase mutation in subjects with
abdominal aortic aneurysm subdivided for age. Clin Hemorheol
Microcirc 2006;34:421-6.

Strauss E, Waliszewski K, Gabriel M, Zapalski S, Pawlak AL. Increased
risk of the abdominal aortic aneurysm in carriers of the MTHFR 677T
allele. J Appl Genet 2003;44:85-93.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Wonyg et al 369

Jones GT, Harris EL, Phillips LV, van Rij AM. The methylenete-
trahydrofolate reductase C677T polymorphism does not associate with
susceptibility to abdominal aortic aneurysm. Eur ] Vasc Endovasc Surg
2005;30:137-42.

Smith GD, Ebrahim S. Mendelian randomization: prospects, poten-
tials, and limitations. Int J Epidemiol 2004;33:30-42.

Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG,
et al. A candidate genetic risk factor for vascular disease: a common
mutation in methylenetetrahydrofolate reductase. Nat Genet 1995;10:
111-3.

Nitsch D, Molokhia M, Smeeth L, DeStavola BL, Whittaker JC,
Leon DA. Limits to causal inference based on Mendelian randomiza-
tion: a comparison with randomized controlled trials. Am ] Epidemiol
2006;163:397-403.

Norman PE, Flicker L, Almeida OP, Hankey GJ, Hyde Z, Jamrozik K.
Cohort profile: the Health In Men Study (HIMS). Int J Epidemiol
2009;38:48-52.

Norman P, Spencer CA, Lawrence-Brown MM, Jamrozik K.
C-reactive protein levels and the expansion of screen-detected
abdominal aortic aneurysms in men. Circulation 2004;110:862-6.
Leino A. Fully automated measurement of total homocysteine in
plasma and serum on the Abbott IMx analyzer. Clin Chem 1999;45:
569-71.

van Bockxmeer FM, Mamotte CD, Vasikaran SD, Taylor RR. Meth-
ylenetetrahydrofolate reductase gene and coronary artery disease.
Circulation 1997;95:21-3.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis 1987;40:373-83.

Holman CD, Bass AJ, Rouse IL, Hobbs MS. Population-based
linkage of health records in Western Australia: development of a health
services research linked database. Aust N Z J Public Health 1999;23:
453-9.
Norton K, Whittingham N, Carter L, Kerr D, Gore C,
Marfell-Jones M. Measurement techniques in anthropometry. In:
Norton K, Olds T, editors. Anthropometrica. Sydney: UNSW Press;
2000. p. 27-75.

. Rutherford MJ, Thompson JR, Lambert PC. Projecting cancer inci-

dence using age-period-cohort models incorporating restricted cubic
splines. Int J Biostat 2012;8:33.

Wong YY, Almeida OP, McCaul KA, Yeap BB, Hankey GJ,
van Bockxmeer FM, et al. Elevated homocysteine is associated with
poorer self-perceived physical health in older men: the Health in Men
Study. Maturitas 2012;73:158-63.

Forsdahl SH, Singh K, Solberg S, Jacobsen BK. Risk factors for
abdominal aortic aneurysms: a 7-year prospective study: the Tromso
Study, 1994-2001. Circulation 2009;119:2202-8.
Jourdheuil-Rahmani D, Rolland PH, Rosset E, Branchereau A,
Garcon D. Homocysteine induces synthesis of a serine eclastase in
arterial smooth muscle cells from multi-organ donors. Cardiovasc Res
1997;34:597-602.

Ke XD, Foucault-Bertaud A, Genovesio C, Dignat-George F, Lamy E,
Charpiot P. Homocysteine modulates the proteolytic potential of
human arterial smooth muscle cells through a reactive oxygen species
dependant mechanism. Mol Cell Biochem 2010;335:203-10.
Charpiot P, Bescond A, Augier T, Chareyre C, Fraterno M,
Rolland PH, et al. Hyperhomocysteinemia induces elastolysis in mini-
pig arteries: structural consequences, arterial site specificity and effect of
captopril-hydrochlorothiazide. Matrix Biol 1998;17:559-74.

Forester ND, Cruickshank SM, Scott DJ, Carding SR. Functional
characterization of T cells in abdominal aortic aneurysms. Immunology
2005;115:262-70.

Jagadesham VP, Scott DJ, Carding SR. Abdominal aortic aneurysms:
an autoimmune disease? Trends Mol Med 2008;14:522-9.

Zeng X, Dai J, Remick DG, Wang X. Homocysteine mediated
expression and secretion of monocyte chemoattractant protein-1 and
interleukin-8 in human monocytes. Circ Res 2003;93:311-20.

Feng J, Zhang Z, Kong W, Liu B, Xu Q, Wang X. Regulatory T cells
ameliorate  hyperhomocysteinaemia-accelerated
apoE-/- mice. Cardiovasc Res 2009;84:155-63.

atherosclerosis  in



370 Wong et al

40.

41.

42.

43.

Krumdieck CL, Prince CW. Mechanisms of homocysteine toxicity on
connective tissues: implications for the morbidity of aging. ] Nutr
2000;130:365S-8S.

Liu Z, Luo H, Zhang L, Huang Y, Liu B, Ma K, et al. Hyper-
homocysteinemia exaggerates adventitial inflammation and angiotensin
II-induced abdominal aortic aneurysm in mice. Circ Res 2012;111:
1261-73.

Tsarouhas K, Tsitsimpikou C, Apostolakis S, Haliassos A, Tzardi M,
Panagiotou M, et al. Homocysteine and metalloprotease-3 and -9 in
patients with ascending aorta aneurysms. Thromb Res 2011;128:
€95-9.

Halazun KJ, Botkin KA, Asthana S, Evans C, Henderson M, Spark JI.
Hyperhomocysteinaemia is associated with the rate of abdominal aortic

44.

45.

JOURNAL OF VASCULAR SURGERY
August 2013

aneurysm expansion. Eur ] Vasc Endovasc Surg 2007;33:391-4;
discussion: 395-6.

Wiernicki I, Millo B, Safranow K, Gorecka-Szyld B, Gutowski P.
MMP-9, homocysteine and CRP circulating levels are associated with
intraluminal thrombus thickness of abdominal aortic aneurysms: new
implication of the old biomarkers. Dis Markers 2011;31:67-74.
Thompson AR, Drenos F, Hafez H, Humphries SE. Candidate gene
association studies in abdominal aortic aneurysm disease: a review and
meta-analysis. Eur ] Vasc Endovasc Surg 2008;35:19-30.

Submitted Nov 7, 2012; accepted Jan 24, 2013.

CME Credit Available to JVS Readers

Readers can obtain CME credit by reading a selected article and correctly answering four multiple choice questions
on the Journal Web site (www.jvascsurg.org). The CME article is identified in the Table of Contents of each issue.
After correctly answering the questions and completing the evaluation, readers will be awarded one AMA PRA

Category 1 Credit™.




	Plasma total homocysteine is associated with abdominal aortic aneurysm and aortic diameter in older men
	Methods
	Study design and participants
	Outcome of interest
	Biochemical analyses
	Other explanatory variables
	Statistical analysis

	Results
	Association of tHcy with AAA
	Association of tHcy with aortic diameter
	Sensitivity analyses
	Association of MTHFR polymorphism with AAA and aortic diameter

	Discussion
	Conclusions
	Author Contributions
	References


