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BRIEF
ANSWERS 
TO SPECIFIC 
CLINICAL 
QUESTIONS

Is the MTHFR gene mutation
associated with thrombosis?

Q:

Polymorphisms of the methylene tetra-
hydrofolate reductase (MTHFR) gene are 

common among the general population, and data 
from large meta-analyses do not support the associ-
ation of these variants with elevated prothrombotic 
risk. Clinicians should educate patients with MTHFR 
polymorphisms about the lack of evidence for associ-
ation with thrombotic risk and focus on addressing 
modifi able thrombotic risk factors.

 ■ BACKGROUND

MTHFR is an essential enzyme that is encoded by 
the MTHFR gene, which catalyzes the conversion of 
5,10-methylenetetrahydrofolate to 5-methyltetrahy-
drofolate, the primary form of folate in circulation. 
This substance, 5-methyltetrahydrofolate, is also a nec-
essary cofactor for the conversion of homocysteine to 
methionine, required for protein synthesis.1 Reduced 
expression of MTHFR has been implicated in elevated 
serum homocysteine and reduced serum folate levels, 
a condition known as hyperhomocysteinemia.2–4 The 
relationship between serum homocysteine levels and 
disease has been investigated across several disease 
states. In this review, we focus on its putative relation-
ship with venous thromboembolism (VTE).

 ■ WHAT IS A SINGLE NUCLEOTIDE POLYMORPHISM?

Single nucleotide polymorphisms (SNPs) and single 
nucleotide variants (SNVs) both refer to single base-
pair changes in the nucleic acid sequence of a gene, 
but they are not interchangeable terms. SNVs are  
changes that occur in less than 1% of the population, 

whereas SNPs occur in at least 1% of the population.5 
Neither of these terms implies pathogenicity of the 
genetic change, and both may be coloquially referred 
to as “mutations.” It should also be noted that data-
bases cataloging human genetic variation are biased 
towards populations with Northern European heri-
tage. Patients with African, South American, Indig-
enous, Pacifi c Islander, and Southeast Asian heritage 
are underrepresented,  complicating the estimation of 
true population prevalence for a given genetic variant. 

 ■ HOW COMMON IN THE GENERAL POPULATION?

From an epidemiologic perspective—because SNPs in 
MTHFR are common, some occurring in up to 40% of 
the general population—achieving statistical signifi -
cance for an association between SNPs and a clinical 
variable of interest is subject to many potential biases.6 
It is important for the clinician to recognize potential 
sources of confounding in these studies. 

First, not all MTHFR SNPs are equivalent, and 
different SNPs should be considered independently 
as risk factors, as should homozygosity and heterozy-
gosity. Second, correlation does not imply causation, 
and epidemiologic studies can provide correlative evi-
dence, but confounding effects and a biological basis 
for the association must also be carefully examined. 

Crucially, dietary intake of B vitamins infl uences 
the measurement of homocysteine, and dietary differ-
ences must therefore be considered when comparing 
populations with MTHFR variants.1 Lastly, both 
selection bias for patients who have been tested for 
MTHFR variants and ascertainment bias in retro-
spective cohorts may play a large role in infl uencing 
study results.
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MTHFR AND THROMBOSIS

 ■ RISK OF THROMBOSIS AND MTHFR VARIANTS

The most common MTHFR SNPs in the general 
population are the C677T (rs1801133) and A1298C 
variants (rs1801131), thought to affect the thermo-
stability of the methylenetetrahydrofolate reductase.6 
The C677T allele has been better studied, and its 
combined heterozygous and homozygous incidence 
varies from 20% to 30% in East Asian people to 20% 
to 40% in White and Hispanic populations in the 
United States.7 The A1298C variant is less well-stud-
ied, and its allele frequency is estimated at 10% to 
30% in White populations and 20% to 40% in South-
east Asian populations (combined heterozygous and 
homozygous incidence).8 This variant is thought to be 
milder and less clinically signifi cant.6 

As mentioned, while these SNPs are associated 
with reduced methylenetetrahydrofolate reductase 
enzyme activity and increased homocysteine levels, 
the relationship between these fi ndings and throm-
botic risk has been controversial. Of note, homocys-
teine levels are impacted by many factors, including 
concomitant renal disease, thyroid disease, nutritional 
defi ciencies, and alcohol intake.1,9

Early analyses of whether homocysteine levels are 
associated with VTE came from a 1997 meta-analysis 
that pooled results of 9 studies and showed an increased 
risk of VTE in the setting of hyperhomocysteinemia.10 
A larger-scale meta-analysis comprising 11,000 cases 
and 21,000 controls from 31 databases was published 
in 2013. It showed that there was no evidence for an 
association with homozygotes for the MTHFR C677T 
variant and VTE, but due to incomplete data, was 
unable to examine for an association between homo-
cysteine, MTHFR variant, and VTE.11

Likewise, a review of 9 case-control studies involv-
ing 382 patients found insuffi cient evidence to support 
any association between the MTHFR C677T variant 
and cerebral venous sinus thrombosis.12 A meta-anal-
ysis of 26 studies examining the role of the MTHFR 
C677T variant and recurrent unexplained pregnancy 
loss showed an association only in 5 studies from China 
and no association in European studies.13 The authors 
concluded that at most, the presence of this SNP is a 
risk factor for recurrent unexplained pregnancy loss in 
Chinese patients, but not European patients.13 

 ■ SHOULD PATIENTS BE TESTED FOR MTHFR 
VARIANTS?

Given the tenuous associations identifi ed in the litera-
ture associating MTHFR variants with VTE, we do not 
advocate for the routine testing of patients for MTHFR 

variants. This approach is supported by the American 
College of Medical Genetics and Genomics.14

 ■ TEST INTERPRETATION 

If a patient has had a prior genetic test with a result 
reported for MTHFR, the clinician must carefully con-
sider whether the reported genetic change (whether it 
is an SNV, SNP, or more complex alteration) is known 
to be pathogenic and is consistent with the patient’s 
presentation. In cases where the identifi ed genetic 
change is a common SNP, we do not recommend any 
further workup or management based on the prior 
genetic testing. In situations with rarer variants or 
complex genomic rearrangements identifi ed, consulta-
tion with a genetic counselor may be helpful. 

 ■ MANAGEMENT

The propensity to clot is infl uenced by a myriad of 
factors in each patient, and a patient’s MTHFR sta-
tus is a single, likely noncontributory component of 
this risk. In patients with VTE, the management of a 
patient with an MTHFR variant should be no different 
than the standard of care. In those who are at risk of 
thrombosis, it is essential to recognize that the com-
mon MTHFR SNPs are not thought to be contributory 
to VTE risk. Other risk factors such as age, family his-
tory, and medical comorbidities such as diabetes and 
hypertension are greater determinants of VTE risk. 
We recommend that all patients maintain a healthy 
weight, stop smoking, limit alcohol consumption, 
and exercise regularly. Dietary modifi cations, such as 
including folate-rich foods like leafy greens, legumes, 
and fortifi ed cereals, may also be benefi cial.

 ■ THE BOTTOM LINE 

The relationship between MTHFR variants and 
thrombosis risk is a complex, multifactorial issue. 
Early studies reported a potential association between 
common SNPs in MTHFR and VTE, but later, larger 
meta-analyses have refuted these results. At this time, 
based on the best available evidence, there is no sup-
port for the association of the most common MTHFR 
SNPs with signifi cantly elevated thrombotic risk. We 
recommend that clinicians focus on modifi able risk 
factors of thrombosis, such as weight management, 
smoking cessation, and underlying medical issues. ■
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