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Abstract

Objective—Elevated plasma homocysteine (tHcy) and the MTHFR ¢.677C > T variant have
been postulated to increase the risk of venous thromboembolism (VTE), although mechanisms and
implications to pediatrics remain incompletely understood. The objectives of this study were to
determine the prevalences of elevated tHcy and MTHFR variant in a pediatric population with
VTE or arterial ischemic stroke (AIS), and to determine associations with thrombus outcomes.

Study Design—Subjects were enrolled in an institution-based prospective cohort of children
with VTE or AIS. Inclusion criteria consisted of objectively confirmed thrombus, <21 years at
diagnosis, tHcy measured and MTHFR ¢.677C > T mutation analysis. Clinical and laboratory data
were collected. Frequencies for elevated tHcy and MTHFR variant were compared with NHANES
values for healthy US children and also between study groups (VTE vs AlS, provoked vs
idiopathic) and by age.
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Results—The prevalences of hyperhomocysteinemia or MTHFR variant were not increased in
comparison to NHANES. tHcy did not differ between those with wild-type MTHFR versus either
€.677C > T heterozygotes or homozygotes. There was no association between tHcy or MTHFR
variant and thrombus outcomes.

Conclusion—In this cohort of US children with VTE or AIS, neither the prevalence of
hyperhomocysteinemia nor that of MTHFR variant was increased relative to reference values, and
adverse thrombus outcomes were not definitively associated with either. While it is important to
consider that milder forms of pyridoxine-responsive classical homocystinuria will be detected only
by tHcy, we suggest that routine testing of MTHFR ¢.677C > T genotype as part of a
thrombophilia evaluation in children with incident thromboembolismis not warranted until larger
studies have been performed in order to establish or refute a link between MTHFR and adverse
outcomes.
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Introduction

The role of hyperhomocysteinemia in vascular and thromboembolic disease has been
researched and widely debated since 1969 when McCully described significant vascular
disease in patients with markedly elevated plasma homocysteine levels (tHcy) [1]. tHey is
thought to increase thrombotic risk by inducing endothelial injury in venous and arterial
vasculature; however, the precise prothrombotic mechanisms are poorly understood
[2].While highly elevated tHcy, as seen in rare disorders such as cystathionine beta-synthase
deficiency, has clearly been shown to cause both arterial and venous thrombosis in up to
25% of untreated patients, evidence regarding the risk of mild elevations of homocysteine is
less clear [3,4]. For example, a pilot study showed that supplemental folate reduced tHcy; a
subsequent randomized, double-blind, placebo-controlled trial of B-vitamin
supplementation, while successful in lowering tHcy, did not decrease the risk of venous
thromboembolism (VTE) in adults [5,6].

The thermolabile variant of the methylenetetrahydrofolate reductase (MTHFR ¢.677C > T)
gene has been shown to have decreased enzyme activity in vitro, and has been established as
a common genetic cause of mild hyperhomocysteinemia in European epidemiological
studies [7]. Such studies have also implicated MTHFR ¢.677C > T as a risk factor for
incident VTE in adults. However, these findings have not been clearly substantiated in
studies of populations, particularly in the U.S., where flour products are supplemented with
folate [8]. Several recent studies have suggested that MTHFR ¢.677C > T is common and
not a significant risk factor for VTE [8,9]. Nevertheless, testing for MTHFR ¢.677C > T and
tHcy has become widespread in U.S. patients with VTE.

The objectives of this study were to evaluate in a U.S. pediatric population with
thromboembolic disease: (1) the prevalence of elevated tHcy, and MTHFR ¢c.677C> T
heterozygosity and homozygosity in comparison with published age-appropriate controls;
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(2) the distribution of tHcy in MTHFR ¢.677C > T polymorphisms versus wild-type; and (3)
an association between tHcy or MTHFR ¢.677C > T with adverse thrombus outcomes
(progression/recurrence or post-thrombotic syndrome [PTS]).

After providing signed informed consent/assent, subjects were enrolled and followed in an
institution-based prospective cohort study of pediatric VTE and arterial ischemic stroke
(AIS) between April 2006 and June 2010, inclusive (Colorado Multiple Institutional Review
Board #05-0339). Eligibility criteria for the present analysis were: 1) VTE or AIS confirmed
by objective imaging; 2) age < 21 years at diagnosis; 3) tHcy measured 30 days prior to, or
any time after, VTE/AIS diagnosis; and 4) MTHFR ¢.677C > T mutation analysis. While
tHcy testing was performed based on clinical indications and not by study protocol, an
electronic medical record (EMR)-based order set for diagnostic thrombophilia testing,
established in accordance with the local standard of care, called for tHcy testing for all
newly-diagnosed VTE and AlS patients (i.e., at the time of acute hospitalization or at the 1
month follow-up visit). Children were on a usual US diet which includes B12 fortification of
breakfast cereals and folate supplementation of all enriched breads, cereals, flours, corn
meals, pastas and rice.

Data Extraction

For all patients who met the first three eligibility criteria, tHcy levels were extracted. The
National Health and Nutrition Examination Survey (NHANES) data for tHcy plasma levels
in 3992 healthy US children were used as control age-matched reference values [10]. For
those patients who met all four criteria, additional clinical data were extracted, including
demographics, thrombus incident type (VTE or AlS), vascular distribution (for VTE events),
known clinical risk factors for VTE or AIS, recurrent/progressive VTE or recurrent AlS, and
development of PTS for VTE events affecting the venous drainage of a limb. VTE
progression was defined by either contiguous extension of thrombus or evolution to
complete occlusion from a previously non-occlusive thrombus within one month of initial
VTE diagnosis. Recurrent thromboembolism was defined as a new thromboembolism not
meeting the definition of progression, and included recurrent AlS. PTS was evaluated in
children with VTE using a standardized, validated pediatric outcome instrument as
previously described [11,12]. PTS was categorized as “any PTS” if the subject had an
abnormal pain score or findings on physical exam (venous collaterals, edema, etc.). PTS was
categorized as “clinically significant PTS,” only if both pain and physical findings were
present, as previously reported [11,13].

Laboratory Testing

Blood samples were collected in a non-fasting state. All samples were immediately
transported to the clinical laboratory at room temperature via tube system, centrifuged,
aliquoted and frozen within one hour of draw. tHcy plasma concentration was assayed using
capillary gas chromatography—mass spectrometry or with an enzymatic reaction using the
Vitros 5600 analyzer; both of these methods are highly sensitive to mild elevations in tHcy
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[14,15]. MTHFR ¢.677C > T, was determined using polymerase chain reaction [PCR]. In
accordance with the local standard of care, the electronic medical record (EMR)-based
diagnostic thrombophilia testing order sets also called for measurement of antithrombin,
protein C, free protein S, factor V Leiden, prothrombin c. 20210G > A polymorphism, factor
VIII activity, the lupus anticoagulant, and anticardiolipin and anti-beta-2-glycoprotein-I 1gG
and IgM antibodies. Data on the MTHFR ¢.1298A > C variant, if performed, were also
extracted.

Statistical Analysis

Results

Statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA).
Continuous data were reported as medians with ranges, and dichotomous data as frequencies
(proportions, percents). Data distributions were compared between groups by Mann—
Whitney U test, and frequencies were compared by chi-squared or Fisher’s exact test, as
appropriate. For all inferential statistics, a two-tailed P-value less than 0.05 was considered
statistically significant. Odds ratios were generated for the differences in adverse outcomes
between groups, in order to estimate sample sizes needed for power analyses.

Study Population

Fig. 1 provides a flow diagram of patient selection according to study eligibility criteria. A
total of 335 children with confirmed VTE or AIS were enrolled in the prospective cohort
during the time period of this study. Of these, 55 were excluded due to lack of tHcy testing,
testing by a less sensitive method or testing not in the specified time period. For the
remaining 280 children, tHcy levels were extracted, and it was determined if MTHFR c.
677C > T genetic testing was done. A total of 90 children met full study eligibility criteria,
and further clinical and laboratory data were collected and analyzed for these 90 children.
Characteristics of these 90 study children are displayed in Table 1. Median age for the VTE
group was 15.5 years (range: birth-21 years) and for the AlS group was 0.6 years (range:
birth-18 years). Overall, 62% of the population had at least one identified clinical
prothrombatic risk factor.

Homocysteine Levels

The overall median plasma tHcy for the 280 children with VTE or AIS was 5.35 umol/L
(range: <2 — 16). Six (2.1%) of the 280 children had tHcy >11 umol/L, ranging from 11.5 to
16 pmol/L. tHcy results did not differ from the NHANES data (NHANES results for males:
6.2 pmol/L for non-Hispanic Caucasian, 6.4 for non-Hispanic African American, and 6.4 for
Mexican American; females: 5.8, 6,1 and 5.5 respectively, 95% Cls range from 5.2 — 6.7).
tHcy in the 90 children with MTHFR ¢.677C > T genetic testing was similar to the larger
group with amedian of 5.2 pmol/L (range: <2-11.6), and tHcy was >11 umol/L in two of the
90 children (prevalence: 2.2%). tHcy was significantly lower among infants less than 12
months (median: 4.6, range: <2-8.3) compared to children 12 months to 21 years (median:
5.4, range: <2-11.6); P = 0.01. In addition, tHcy was higher in adolescents 13-21 years
(median 6.1, range 3.8-11.6) in comparison to children 1-12 years (median 4.5, range 2.3-
9.1); P < 0.01. A statistically significant difference was observed in tHcy between VTE and
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AIS groups (median: 5.7 [range: <2-11.6] vs. 4.8 [<2-8.9], respectively; P = 0.03),
consistent with the difference in ages of the two study populations. Although there was an
observed difference in tHcy between those with an idiopathic event versus those with an
identified risk factor (median: 4.9, range [<2-8.3] vs. 5.5 [<2-11.6]), the difference was not
statistically significant (P = 0.07) and the direction of effect was opposite that expected for
thrombophilia (Fig. 2).

Frequency of MTHFR ¢.677C > T variant

The prevalence of heterozygous MTHFR ¢.677C > T was 33% and of homozygous ¢.677C
> T or compound heterozygous c.677C > T/c.1298A > C was 13%, and the overall c.677C
> T allele frequency was 27%. The frequency of ¢.677C > T did not differ between the VTE
and AIS groups (26% vs. 40%, P = 0.14). Although not all children were tested for the c.
1298A > C polymorphism, in those tested, the frequency of c.677C > T homozygotes/
compound heterozygotes did not differ between the VTE and AIS groups (14% vs. 13%, P =
0.87). Additionally, c.677C > T frequencies did not differ based on age at presentation,
presence of kidney disease, whether the event was idiopathic, or the presence of genetic
thrombophilia (p > 0.05 for each except where non applicable for cell numbers of 0).

Distribution of tHcy in MTHFR ¢.677C > T vs. wild-type

Outcomes

tHcy levels did not differ between ¢.677C > T heterozygotes and those with wild type alleles
(median: 5.3 umol/L [range: 2.4-10.2] vs. 5.3 [<2-10.2], P = 0.86). There was also no
observed difference in the median tHcy levels of those with homozygous ¢.677C > T or
compound heterozygotes (4.3 pmol/L [<2-10.5]) compared to wild type (5.3 [<2-10.2], P =
0.18).

The relationship of tHcy level and MTHFR genotype to clinical outcomes was evaluated.
Neither tHcy levels nor MTHFR ¢.677C > T frequency predicted outcomes of progression,
recurrence or PTS. Three VTE patients (7%) had progression, while 10 (12% of) VTE (n =
8) and AIS (n = 2) patients had recurrent thromboembolism. The proportion of children with
progression and/or recurrence was 23% in the group with homozygous or compound
heterozygous mutations in the MTHFR gene and 12% in the group without these mutations.
Because the size of the population with progression and/or recurrence was small, in order to
determine that compound heterozygous and homozygous MTHFR genotypes were not
related to progression and/or recurrence, an odds ratio was used to estimate a sample size
that would be needed to reach statistical significance with a power of 80% and an a error of
0.05: a sample size of 250 patients each with and without progression and/or recurrence
would be required to achieve statistical significance. Of the 25 patients with limb DVT, 20
(80%) were assessed for PTS. Among these 20 patients, 10 (50%) had some PTS, including
5 (25%) with clinically significant PTS. The proportion of patients with any or functionally
significant PTS was too small for the estimation of population size for a power calculation.

The mean tHcy level in patients with progression/recurrence was 5.64 (SD 2.2) compared
with a mean of 4.7 (SD 2.24) without progression/recurrence. In order to determine
statistically that tHcy does not differ between these two groups with 80% power and an a
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error of 0.05, 88 subjects would be required in each group. Mean tHcy was 7.16 (SD 1.37)
in the patients with functionally significant PTS and 6.46 (SD 2.54) without functionally
significant PTS. In order to determine a statistically significant difference in tHcy between
these two groups with a power of 80% and an a error of 0.05, 131 subjects per group would
be required.
Discussion

The present findings indicate that hyperhomocysteinemia was rare (observed prevalence,
2.4%) in an institution-based prospective cohort of U.S. children with VTE or AIS who
receive folate and B12 supplementation in food. This was a lower prevalence of elevated
tHcy as compared to the recent study of 141 US children by Nahar et al., which observed an
11% prevalence of hyperhomocysteinemia [16]. It is notable that in the study by Nahar,
elevations in homocysteine were determined prior to grain supplementation with folate and
B12, whereas results fell following institution of supplementation in 1996. Similarly to that
study, a 30% prevalence of tHcy elevated above the 90% percentile was reported in 163
German children with thromboembolism[17]; Germany also does not fortify grain products.
We determined lower tHcy in infants <12 months and a trend toward increased tHcy with
age; this trend was consistent with the NHANES measurement of tHcy in healthy U.S.
children, which found that tHcy increased according to each age quartile [10].

We observed aMTHFR ¢.677C > T allele frequency of 27%,with a 7.8% prevalence of
homozygosity, similar to the overall and homozygosity frequency of 30.8 and 9.7% found in
healthy adults in the NHANES database [18], indicating that the MTHFR ¢c.677C > T
variant is not more prevalent in this population with thrombotic events, in contrast to the
report of Rook and colleagues [19].

Although previous studies - particularly those conducted in Europe - have suggested that the
MTHFR c.677C > T variant increases the risk of mild elevations of tHcy, we observed no
relationship between tHcy and C667T status in our US VTE and AlS study population
[20,21]. The lack of association between tHcy and the MTHFR ¢.677C > T genotype in our
study is supported by work by Kluijtmans et al.,whose study concluded that genetics
account for only 9% of tHcy, whereas diet plays a much larger role [22]. The Kluijtmans
study attributed 35% of variability in tHcy to vitamin B12 and folate levels, which is
concordant with the hypothesis that folate supplementation of grain products in the U.S.
mitigates the influence of MTHFR ¢.677C > T on tHcy. Additionally, we detected no
relationship of tHcy or MTHFR ¢.667C > T status to VTE and AlIS outcomes, including
recurrent thromboembolism and development of PTS (the latter among limb VTE patients),
although adverse outcomes in this population were infrequent events and sample sizes of 88
to 250 subjects with and without adverse outcomes would be needed for statistical power.

Although hyperhomocysteinemia was rare in this pediatric population, there is some debate
as to the significance of a single tHcy value, particularly if not obtained immediately
preceding or following the thrombotic event, as it may or may not be reflective of the tHcy
at the time of the event. Extremely elevated values (greater than 50 pmol/L) are likely due to
inborn errors of metabolism or severe vitamin B12 deficiency and would require expert
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consultation and diagnosis. However, a study following the weekly variability of tHcy levels
in adults demonstrated a reliability coefficient of 0.94 at 4 weeks and 0.82 at 30 months
(excluding one outlier), indicating that tHcy is fairly constant over at least a month, and a
single value may be representative for up to 30 months [23].

Our findings call into question the utility of the widespread practice of MTHFR c.677C> T
mutation testing in pediatric patients with thromboembolic disease. Following clinical
screening, all patients with indications of metabolic disease, known malabsorption
syndromes or specific indicators of cystathionine B-synthase deficiency such as near-
sightedness, ectopic lenses, tall stature or bone abnormalities should have screening with
tHcy, as recent data suggest that some highly responsive variants of cystathionine B-
synthase deficiency may have thrombotic- only presentations and are much more common
in the population than previously realized [24]. We acknowledge the importance of
homocysteine testing to detect mild to moderate hyperhomocysteinemia resulting from other
gene mutations as well as the low cost of this assay.

Limitations of the present study include a relatively small population, and the small
subgroup of patients with recurrence, progression or PTS, for which the study was
inadequately powered for statistical significance. In addition, timing for the collection of
non-fasting homocysteine samples (relative to incident acute thromboembolism) was
variable. Notwithstanding these limitations, the findings of this study indicate that the
MTHFR ¢.677C > T variant is not a strong risk factor for incident VTE or AIS in U.S.
children, and may not influence outcomes of recurrent thromboembolism or PTS in children
with a first thromboembolic event. In addition, elevations of tHcy are uncommon in US
children and are not related to common MTHFR polymorphisms. Therefore, clinical
decisions based on MTHFR ¢.677C > T genotypes or mildly elevated tHcy should be made
cautiously. Future work should examine a larger group of children prospectively to assess
for the possibility of any dose—response in incidence VTE/AIS risk or risk of adverse
thromboembolic outcomes within the normal tHcy range, which cannot be fully excluded in
the present study. We suggest that routine testing of MTHFR ¢.677C > T genotype as part of
a thrombophilia evaluation in children with incident thromboembolism is not warranted until
larger studies have been performed in order to establish or refute a link between MTHFR
and adverse outcomes.

Abbreviations

tHcy total plasma homocysteine level
VTE venous thromboembolism

AlS arterial ischemic stroke

MTHFR c.677C>T Methylenetetrahydrofolate Reductase
PTS post thrombotic syndrome.
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Fig. 1.
Flow chart demonstrating selection of study group according to inclusion and exclusion

criteria. From an initial 335 children with thromboembolism enrolled into the cohort over 51
months, 90 had both evaluable tHcy and MTHFR ¢.677C > T genotype determined, and thus
were included in the final analysis.
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Fig. 2.
Mean homocysteine levels in children with thrombosis and controls. The mean tHcy levels

in male and female pediatric patients with thrombosis are shown to closely mirror the
NHANES healthy US controls.
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