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Abstract:

Background: Hyperhomocysteinemia is associated with
increased cardiovascular risk, but treatment with folic acid
has no effect on outcome in unselected patient populations.
Objectives: To confirm previous observations on the association of homozygosity for the TT MTHFR genotype with B12
deficiency and endothelial dysfunction, and to investigate
whether patients with B12 deficiency should be tested for
677MTHFR genotype.
Methods: We enrolled 100 individuals with B12 deficiency,
tested them for the MTHFR C677T polymorphism and measured
their homocysteine levels. Forearm endothelial function was
checked in 23 B12-deficient individuals (13 with TT MTHFR
genotype and 10 with CT or CC genotypes). Flow-mediated
dilatation (FMD) was tested after short-term treatment with
B12 and folic acid in 12 TT MTHFR homozygotes.
Results: Frequency of the TT MTHFR genotype was 28/100 (28%),
compared with 47/313 (15%) in a previously published cohort
of individuals with normal B12 levels (P = 0.005). Mean homocysteine level was 21.2 ± 16 µM among TT homozygotes as
compared to 12.3 ± 5.6 µM in individuals with the CC or CT genotype (P = 0.008). FMD was abnormal (≤ 6%) in 9/13 TT individuals
with B12 deficiency (69%), and was still abnormal in 7/12 of
those tested 6 weeks after B12 and folic treatment (58%).
Conclusions: Among individuals with B12 deficiency, the frequency of the TT MTHFR genotype was particularly high. The TT
polymorphism was associated with endothelial dysfunction
even after 6 weeks of treatment with B12 and folic acid. Based
on our findings we suggest that B12 deficiency be tested for
MTHFR polymorphism in order to identify potential vascular
abnormalities and increased cardiovascular risk.
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E cysteinemia is associated with increased risk for cardiopidemiologic studies have suggested that hyperhomo-

vascular disease, independent of classic cardiovascular risk
factors [1]. High levels of homocysteine have been associated with oxidative stress, endothelial damage and enhanced
thrombogenicity [2], yet randomized clinical trials did not
show any benefit of homocysteine-lowering therapy on cardiovascular events and outcome [3,4]. Vascular disease, and
not hyperhomocysteinemia, was the main inclusion criterion
for these randomized trials.
C-to-T substitution at base 677 of the 5,10-methylene tetrahydrofolate reductase (MTHFR) gene has been associated
with mild hyperhomocysteinemia (15–25 µmol/L) and with
coronary artery disease [5]. However, a meta-analysis of 13
studies demonstrated the TT MTHFR genotype to be associated with mild hyperhomocysteinemia but not with increased
cardiovascular risk [6]. Mager [7] criticized this meta-analysis
for pooling data without considering such factors as ethnicity
and geography or specific outcomes. In their own study, conducted in Israel, Mager et al. [8] found that TT homozygosity
for MTHFR was associated with an increased risk of premature coronary artery disease but not with overall disease risk.
A meta-analysis concluded that reported associations of TT
MTHFR C677T polymorphism with coronary heart disease
may be due to a publication bias [9]. Nevertheless, associations
between MTHFR genotypes and cardiovascular risk may exist
for specific outcomes, with relevance for certain populations.
In our earlier study of asymptomatic individuals [10] we
found a significantly higher rate of B12 deficiency, as well as
a higher mean homocysteine level among those with the TT
MTHFR genotype than those without this genotype. Endothelial
function, demonstrated by flow-mediated dilatation (FMD),
was impaired among TT homozygotes with B12 deficiency
compared to those without. The current prospective study
aimed to confirm the association between B12 deficiency and
the 677MTHFR genotype and to investigate whether patients
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with B12 deficiency should be tested for 677MTHFR genotype.
Identification of patients with dual homocysteine metabolism
abnormalities and moderate hyperhomocysteinemia is important because these patients, as shown in the present study, have
abnormal endothelial cell function and may benefit from longterm supplementation of B12 and folic acid.

PATIENTS AND METHODS
To test our hypothesis we enrolled 101 consecutive individuals with B12 deficiency (B12 < 150 pmol/L). All patients were
tested for B12 levels by their primary physician. We identified
the patients using the database of the northern Israel regional
laboratory of Clalit Health Services, the largest health fund in
Israel. Exclusion criteria were age below 20 or above 60 years,
angina pectoris or known coronary artery disease, diabetes
mellitus, and familial hypercholesterolemia. One individual
was excluded from the study after enrollment when it was
revealed that he had previously undergone percutaneous
coronary intervention. The final study group comprised
100 individuals. The study was approved by the institutional
review board and all participants signed informed consent
(http://clinicaltrials.gov/ct2/show/NCT00730574).
Study protocol

Fasting blood samples were taken from all 100 individuals.
Genomic DNA was extracted from whole blood and analyzed for the MTHFR C677T polymorphism with taqman
SNP genotyping assay by design, manufactured by Applied
Biosystems, USA (ABI). Analysis was performed on a 7500
fast real-time polymerase chain reaction instrument (ABI).
Serum levels of vitamin B12, folic acid, glucose, cholesterol,
high density lipoprotein-cholesterol, triglycerides and plasma
levels of homocysteine were measured [9]. Endothelial cell
function and exercise testing were performed in 10 individuals
with CC or CT MTHFR genotypes and in 13 with the TT genotype who had not yet started B12 therapy and who agreed to
participate (the individuals who participated in the endothelial
function part of the study were those who committed to attend
the multiple visits that were required). All tests were repeated
in 12 TT homozygotes after treatment with 1 mg daily of sublingual vitamin B12 and 5 mg daily of folic acid for 6 weeks
(one homozygous individual did not arrive for re-testing).
Endothelial function studies

Endothelial function was examined non-invasively in the
brachial artery using high resolution ultrasound (Sonos 5500,
Philips, Andover, MA, USA) [11]. We measured FMD, the
change in brachial artery diameter in the hyperemic state, as
a measure of endothelial function. The brachial artery was
scanned longitudinally using a 3–10 MHz linear array transducer. Depth and gain settings were optimized and arterial

diameter, media to media, was measured at end-diastole according to the QRS complex on the electrocardiogram. At least four
cardiac cycles were averaged for each data point. Scans were
obtained after a 10 minute rest (baseline), during reactive hyperemia, after a 10 minute recovery, and 5 minutes after administration of 400 µg glyceryl trinitrate sublingual spray. Reactive
hyperemia was induced by 5 minute inflation of a sphygmomanometer cuff on the forearm to a pressure of 300 mmHg.
Vessel diameter was recorded 1 minute after cuff deflation. FMD
was calculated as FMD (%)=[(D2-D1)/D1]x100, where D2 is
the reactive hyperemia diameter and D1 the baseline diameter.
Endothelial-independent dilatation (nitrate-mediated dilation,
NMD) was calculated as NMD (%)=[(D3-D1)/D1]x100, where
D3 is the diameter after nitrate administration. Scans were
recorded digitally on a magneto-optic disk for off-line analysis.
Measurements were performed by a highly qualified technician
who was blinded to the study design, genetic status or treatment.
Intra- and inter-observer variability for FMD measurements in
our laboratory was reported previously and FMD ≤ 6% was
considered abnormal [11].
Exercise testing

Symptom-limited treadmill exercise testing was performed
using the Bruce protocol [12]. Exercise capacity (test duration
in minutes), maximal heart rate, percent of maximal predicted
heart rate, symptoms (angina pectoris or dyspnea) and maximal ST deviation were recorded.
Statistical analysis

Continuous variables are presented as means ± SD and compared
using the paired or unpaired t-test as appropriate. Categorical
variables were compared using the Yate’s corrected chi-square
test. The frequency of the TT MTHFR C677T genotype in the
study group was compared to that in asymptomatic individuals
without B12 deficiency in a cohort with similar demographics,
as reported by us previously [10]. Differences were considered
statistically significant at the two-sided P < 0.05 level.

RESULTS
MTHFR C677T genotype distribution and homocysteine level

In this cohort of B12-deficient individuals, the frequency
of the TT MTHFR genotype polymorphism was 28/100
(28%), CT 48/100 (48%), and CC 24/100 (24%). This compares with a frequency of 47/313 (15%) for the TT genotype
among individuals without vitamin B12 deficiency in an
asymptomatic population that we studied previously [10] (P
= 0.005). Characteristics of the study group are summarized
in Table 1. The group with the TT MTHFR genotype had a
significantly higher mean level of homocysteine than did the
group with CT and CC combined (21.2 ± 16 vs. 12.3 ± 5.6
µM, P = 0.008).
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Table 1. Baseline characteristics of individuals with B12 deficiency according to
MTHFR C677T genotype
Total group
(n=100)

TT MTHFR
(n=28)

CC and CT MTHFR
(n=72)

P value

Age (yr)

41.3 ± 11.8

42.0 ± 12.1

40.8 ± 11.8

0.6

Males

48 (48%)

17 (61%)

31 (43%)

0.2

Homocysteine metabolism
Homocysteine (µmol/L)
B12 (pmol/L)
Folic acid (nmol/L)
New diagnosis of B12 deficiency

14.9 ± 10.5
132 ± 16
18.1 ± 10.7
57 (57%)

21.2 ± 16
140 ± 14
15.6 ± 10.5
14 (50%)

12.3 ± 5.6
130 ± 16
19.1 ± 10.7
43 (60%)

0.008
0.07
0.15
0.5

CVD risk factors
Smoking
Hypertension
Hyperlipidemia
Family history of CVD

28 (28%)
4 (4%)
7 (7%)
8 (8%)

8 (29%)
1 (3.6%)
4 (14%)
2 (7.4%)

20 (28%)
3 (4.2%)
3 (4.2%)
6 (8.7%)

1.0
1.0
0.18
1.0

Baseline biochemistry profile
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglycerides (mg/dl)
Hemoglobin (g/dl)
Glucose (mg/dl)

121 ± 34
53 ± 12
124 ± 69
13.9 ± 1.3
86.9 ± 10.1

124 ± 31
52 ± 12
124 ± 66
14.3 ± 0.94
87.1 ± 10.9

119 ± 35
53.2 ± 12.2
123 ± 71
13.7 ± 1.4
86.8 ± 9.8

0.56
0.8
0.96
0.04
0.9

Medical therapy
Statins
ACE–I/ARB
Calcium blocker
Aspirin

4 (4%)
1 (1%)
0
2 (2%)

0
1 (3.6%)
0
1 (3.6%)

4 (5.6%)
0
0
1 (1.4%)

0.5
0.6
1.0

ACE-I = angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor blocker,
CVD = cardiovascular disease

Endothelial function and response to vitamin B12 therapy

Characteristics of the 23 individuals (13 TT MTHFR and 10
CT or CC MTHFR) for whom response to B12 and folate
therapy was investigated prospectively are presented in Table
2. One individual refused follow-up FMD and NMD testing.
Mean serum levels of vitamin B12 and folic acid did not differ
significantly between the groups at baseline, yet increased significantly for the TT MTHFR group following B12 and folate
therapy. The mean plasma homocysteine level for the TT group
at baseline was higher than for the CT/CC group (P = 0.008)
and decreased after treatment (P = 0.005). No statistically significant differences were observed in mean FMD and NMD
at baseline between those with TT and CT/CC genotype, nor
before or after B12 therapy for the TT group.
Exercise capacity and vitamin B12 therapy

No statistically significant differences were observed in any
of the mean levels of exercise capacity parameters tested
by the Bruce protocol (exercise duration, maximal heart
rate, percent of maximal predicted heart rate, peak exercise
systolic blood pressure) between those with TT (n=13) and
those with CC/CT MTHFR genotype (n=10), and before and
after 6 weeks of B12 therapy for those with TT homozygosity
(n=10, as two participants failed to show for the second test)
[Table 2].
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Table 2. Homocysteine metabolism, endothelial function, and exercise
capacity according to MTHFR genotype, at baseline and after B12 therapy
CT and CC
MTHFR
(n=10)

TT MTHFR
at baseline
(n=13)

TT MTHFR
after
treatment
(n=12)

Age (yr)

43.0 ± 12.9

42.4 ± 12.5

41.3 ± 12.4

Males

5 (50%)

8 (62%)

8 (67%)

B12 (pmol/L)

135 ± 11

138 ± 15

505 ± 165

Folic acid (nmol/L)

12.5 ± 5.5

11.8 ± 4.7

≥ 54.4

Homocysteine (µmol/L)

15.5 ± 8.9

23.1 ± 12.9

9.1 ± 2.8

FMD (%)

5.2 ± 5.7

5.8 ± 3.1

6.4 ± 3.5

No. with normal FMD (> 6%)

4 (40%)

4 (31%)

5 (42%)

NMD (%)

15.8 ± 5.2

13.7 ± 4.2

13.0 ± 4.2

Exercise capacity, Bruce protocol

(n=10)

(n=13)

(n=10)

Exercise duration (min)

9.88 ± 2.2

9.40 ± 2.6

9.44 ± 2.7

Maximal heart rate (beats/min)

162 ± 14

166 ± 24

162 ± 24

% of maximal predicted heart rate

92.1 ± 7.2

92.9 ± 9.2

91 ± 8.3

Peak exercise systolic blood
pressure (mmHg)

158 ± 29

170 ± 22

169 ± 21

FMD = flow-mediated dilatation, NMD = nitrate-mediated dilatation

DISCUSSION
In this prospective study of 100 consecutive individuals with
B12 deficiency we confirmed the association between B12
deficiency and the C677T MTHFR mutation. Our previous
demonstration that MTHFR TT genotype is associated with
B12 deficiency based on higher than expected frequencies
in an asymptomatic population [10] does not imply that the
TT genotype frequency will be higher in patients with B12
deficiency. In the current study we showed that 28% of B12deficient patients have homozygosity for the TT MTHFR genotype. Among individuals with B12 deficiency, TT homozygosity was associated with a higher level of plasma homocysteine
than among those with the CC or CT genotype. Our findings
justify testing for the TT MTHFR genotype in individuals with
B12 deficiency, since these individuals may have a 28% chance
of concomitant B12 deficiency and TT genotype, a higher frequency of hyperhomocysteinemia and vascular dysfunction,
and they may benefit from B12 and folic acid treatment and
long-term cardiovascular focused follow-up.
The second important finding of our study was the high
frequency of abnormal endothelial function in individuals
with B12 deficiency, and the observation that abnormal
endothelial function did not improve in individuals with TT
C677T genotype and B12 deficiency, following 6 weeks of B12
and folic acid supplementation and reduction in homocysteine levels. A number of mechanisms have been suggested
to explain the concurrence of endothelial dysfunction with
abnormal vasodilation and enhanced thrombosis in hyperho-
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mocysteinemia, such as reactive oxygen species and reduced
proliferation of endothelial progenitor cells [13].
Our study cohort comprised individuals with B12 deficiency (< 150 pmol/L) who had been referred by their primary
physician for B12 testing, generally because of non-specific
complaints, such as fatigue. The frequency of B12 deficiency in
our previous study population was 13% in healthy individuals
who did not carry the T MTHFR allele [10]. Figlin et al. [14]
reported B12 deficiency (< 147 pmol/L) in 2.8% of healthy
individuals and 21% in an elderly population in Israel. It was
found that C-to-T substitution at base 677 of MTHFR results in
thermolability and reduction of enzyme activity [15], increased
levels of plasma homocysteine [13] and increased susceptibility
to hyperhomocysteinemia [14]. The underlying cause for the
association between B12 deficiency and TT homozygosity is
unknown. Possible explanations are increased B12 consumption secondary to abnormal homocysteine metabolism due to
the T allele of MTHFR C677T polymorphism; and decreased
intestinal absorption genetically associated with the C677T
polymorphism. Further evidence for the association of homocysteine blood levels, MTHFR and the vitamin B group can be
found in population-based genomic association tests [16]. The
number of patients with abnormal endothelial function was
higher among homozygotes; the difference was not statistically
significant perhaps due to the relatively small sample size. In the
current study we focused on MTHFR TT homozygotes, because
their homocysteine levels were significantly higher and the risk
of vascular abnormalities in patients with high homocysteine
levels is more pronounced.
Folic acid treatment has been shown to reduce homocysteine levels [17] and was reported (with or without B12) to reduce
mortality in patients with coronary artery disease and hyperhomocysteinemia in non-randomized trials [18]. A randomized
controlled trial found folic acid, vitamin B12 and pyridoxine
to significantly reduce homocysteine levels and to decrease the
rate of restenosis and the need for revascularization of the target
lesion after coronary angioplasty [19]. Large randomized trials
of unselected patients who did not necessarily have the C677T
polymorphism, hyperhomocysteinemia or B12 deficiency did
not show any benefit of B12 and folic acid therapy in preventing
cardiovascular events [4]. A recent meta-analysis confirmed the
lack of effect of B12 supplementation on cardiovascular events
[3]. Folic acid and B12 treatment can be harmful and can induce
cell proliferation, secondary atherosclerotic plaque expansion
and nitric oxide synthase inhibition [20]. Furthermore, nonselective treatment with folic acid and B12 was associated with
cancer and increased mortality [21]. This downside of folic acid
and B12 treatment underlines the importance of targeting its
administration. The frequency of combined B12 deficiency and
homozygosity for C677T polymorphism in our previous study
population was 5.6% [10]. These individuals with dual abnormality of homocysteine metabolism together with moderate

hyperhomocysteinemia and endothelial cell dysfunction could
be a target for long-term homocysteine-reducing therapy.
The distinctiveness of the current study is its focus on B12deficient individuals. Endothelial function was not shown to
differ between TT MTHFR homozygotes and individuals carrying the C allele, nor did it improve significantly after 6 weeks of
folic acid and B12 supplementation in B12-deficient individuals
with TT MTHFR genotype. This contrasts with the findings of
our previous study which showed lower baseline endothelial
function among TT homozygotes who were B12 deficient than
among TT homozygotes with B12 levels within the normal
range. In that study, endothelial function was found to improve
in TT homozygotes following 12 weeks of supplementation of
B12 and folic acid [10]. Considering both studies, it seems that
B12 deficiency had a greater impact on endothelial function
than did the MTHFR genotype, and that 6 weeks of B12 and
folic acid treatment is sufficient to reduce homocysteine levels yet insufficient to normalize endothelial function. This is
reminiscent of other studies, albeit among individuals without
B12 deficiency, in which B12 and folic acid treatment reduced
homocysteine levels but did not affect cardiovascular risk [4].
For the TT MTHFR homozygotes with B12 deficiency in the
present cohort, mean homocysteine levels were lower and folic
acid levels higher than in our previously published cohort, 21.2 ±
16 vs. 39 ± 24 µmol/L and 15.6 ± 10.5 vs. 12 ± 8 nmol/L, respectively. These differences may result from longer duration of B12
deficiency and hyperhomocysteinemia described in the previous
study. Men comprised 92% of the individuals with TT MTHFR
homozygosity and B12 deficiency in that study, compared to only
61% in the present study. A higher prevalence of B12 deficiency
in men was previously reported in cohorts both in Israel and the
United States [14]. Lower mean levels of plasma homocysteine
and higher levels of serum folate for women compared to men
have been reported, e.g., in the Framingham Offspring cohort
[22] and in a cohort of older adults in Israel [23].
Peripheral endothelial function, as measured by brachial
artery reactivity, has been shown to be a marker of cardiovascular disease and a predictor of poor outcome from cardiovascular events [24]. On the other hand, Frick and co-authors [25]
found no correlation between peripheral endothelial function
and the extent of coronary disease on coronary angiography.
Based on our findings, a large randomized trial, powered to
detect treatment effect on overall survival in this selected group
of subjects with dual abnormality in homocysteine metabolism
and hyperhomocysteinemia, is needed to confirm the benefits
of lowering homocysteine.
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Capsule
Myocardial healing requires Reg3β-dependent accumulation of macrophages in the ischemic heart
Cardiac healing after myocardial ischemia depends on the
recruitment and local expansion of myeloid cells, particularly
macrophages. Holger Lörchner et al. identified Reg3β as an
essential regulator of macrophage trafficking to the damaged
heart. Using mass spectrometry-based secretome analysis, they
found that dedifferentiating cardiomyocytes releases Reg3β in
response to the cytokine OSM, which signals through Jak1 and
Stat3. Loss of Reg3β led to a large decrease in the number of
macrophages in the ischemic heart, accompanied by increased
ventricular dilatation and insufficient removal of neutrophils.
This defect in neutrophil removal, in turn, caused enhanced
matrix degradation, delayed collagen deposition and increased

susceptibility to cardiac rupture. These data indicate that
OSM, acting through distinct intracellular pathways, regulates
both cardiomyocyte dedifferentiation and cardiomyocytedependent regulation of macrophage trafficking. Release of
OSM from infiltrating neutrophils and macrophages initiates
a positive feedback loop in which OSM-induced production
of Reg3β in cardiomyocytes attracts additional OSM-secreting
macrophages. The activity of the feedback loop controls the
degree of macrophage accumulation in the heart, which is
instrumental in myocardial healing.
Nature Med 2015; 21: 353
Eitan Israeli

“I found one day in school a boy of medium size ill-treating a smaller boy. I expostulated, but he
replied: ‘The bigs hit me, so I hit the babies; that’s fair.’ In these words he epitomized
the history of the human race”
Bertrand Russell (1872-1970), British philosopher, logician, mathematician, historian, writer, social critic
and political activist, and Nobel laureate
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