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Ischaemic stroke with multi-focal

venous and arterial thrombosis due

to hyperhomocysteinemia: anabolic
androgenic steroid use and MTHFR c.667 C>T
variant — a case report
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Abstract

Background Severely elevated serum homocysteine is a rare cause of ischaemic stroke and extra-cranial arterial
and venous thrombosis. Several factors can lead to mild elevation of homocysteine including dietary folate and B12
deficiency, and genetic variants of the methylenetetrahydrofolate reductase (MTHFR) enzyme. The use of Anabolic
androgenic steroid (AAS) is under-reported, but increasingly linked to ischaemic stroke and can raise homocysteine
levels.

Case Report We present a case of a man in his 40s with a large left middle cerebral artery (MCA) territory ischaemic
stroke and combined multifocal, extracranial venous, and arterial thrombosis. His past medical history was significant
for Crohn's disease and covert use of AAS. A young stroke screen was negative except for a severely elevated

total homocysteine concentration, folate and B12 deficiencies. Further tests revealed he was homozygous for the
methylenetetrahydrofolate reductase enzyme thermolabile variant (MTHFR c.667 C>T). The etiology of this stroke
was a hypercoagulable state induced by raised plasma homocysteine. Raised homocysteine in this case was likely
multifactorial and related to chronic AAS use in combination with the homozygous MTHFR c.677 C>T thermolabile
variant, folate deficiency and, vitamin B12 deficiency.

Conclusion In summary, hyperhomocysteinemia is an important potential cause of ischaemic stroke and may result
from genetic, dietary, and social factors. Anabolic androgenic steroid use is an important risk factor for clinicians to
consider, particularly in cases of young stroke with elevated serum homocysteine. Testing for MFTHR variants in stroke
patients with raised homocysteine may be useful to guide secondary stroke prevention through adequate vitamin
supplementation. Further studies looking into primary and secondary stroke prevention in the high-risk MTHFR
variant cohort are necessary.
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Background

Severely elevated serum homocysteine is a rare cause of
ischaemic stroke and extra-cranial arterial and venous
thrombosis. Several factors can lead to mild elevation of
homocysteine including dietary folate and B12 deficiency,
and genetic variants of the methylenetetrahydrofolate
reductase (MTHFR) enzyme. Use of Anabolic androgenic
steroid (AAS) is under reported, but increasingly linked
to ischaemic stroke and can raise homocysteine levels.

Case report
We present a case of a 49-year-old male repatriated back
to the United Kingdom (UK) following a left middle
cerebral artery (MCA) territory ischaemic stroke which
occurred whilst abroad. The initial National Institute of
Health Stroke Scale (NIHSS) was 15. His primary deficits
were a severe mixed aphasia and verbal apraxia (NIHHS
2), with difficulty following two-step commands and
impaired comprehension at the sentence level. He had a
partial right facial paralysis (NIHSS 2) with severe right
arm and leg weakness (NIHSS 4 and 2 respectively). Left
MCA infarct involving frontal, temporal, and parietal
lobes was demonstrated on initial CT and MRI imag-
ing (Fig. 1). He was also found to have both a pulmonary
embolism on CT pulmonary angiography and a right
popliteal artery thrombus on lower limb ultrasonography.
He had a diagnosis of Crohn’s disease, that was well
controlled with azathioprine and for which a colectomy
and ileostomy were performed over ten years prior.
There was no evidence of active Crohn’s colitis during his
admission. He did not smoke or drink alcohol. However,
after his stroke, it came to light that he had engaged in

covert persistent anabolic androgenic steroid (AAS) use
over six years for body building.

An extensive young stroke screen based on local stroke
unit guidelines was completed including normal lipid and
Hbalc profiles, negative thrombophilia panel including
anti-phospholipid antibodies, negative HIV, hepatitis,
syphilis, and autoimmune vasculitis screens. JAK2 gene
testing, alpha-galactosidase activity (Fabry disease), and
paroxysmal nocturnal hemoglobinuria screen were also
normal.

Carotid doppler studies, interval MRI and CT did not
reveal any intracranial vascular abnormalities. Investiga-
tions for cardioembolic stroke including trans-thoracic
and bubble echocardiography, and prolonged cardiac
monitoring were negative. A CT-PET was performed that
was negative for malignancy and Crohn’s disease activity.

He had an elevated total homocysteine concentration
of 87 pmol/L (Reference range (RR): 5-12 pmol/L) fol-
lowing the acute infarct with a corresponding normal
methylmalonic acid 0.11pmol/L (RR: <0.29 umol/L),
low vitamin B12 74 pg/mL (RR: 160-800 pg/mL),
and low folic acid level<2.2ng/mL (RR: >2.7 ng/mL).
Serum testosterone was suppressed at 0.8nmol/L (RR:
10-30nmol/L) secondary to presumed exogenous steroid
use. Subsequent genetic testing for methylenetetrahydro-
folate reductase (MTHFR) variants showed that he was
homozygous for the common ¢.677 C>T MTHFER ther-
molabile variant.

His admission was complicated by significant agitation
due to a combination of AAS withdrawal, and combined
aphasia. He was temporarily commenced on risperi-
done (1 mg daily). His initial antiplatelet medication was

Fig. 1 MRIimaging performed 9 days following left MCA territory stroke. Diffusion-weighted imaging (DWI) left and corresponding apparent diffusion

coefficient (ADC) right
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converted to apixaban due to his pulmonary and periph-
eral artery emboli. He was treated with hydroxoco-
balamin (1 mg intramuscular 3 monthly) and folate
replacement (5 mg once daily), both of which normalized
along with homocysteine.

He made significant improvements following several
months of stroke rehabilitation. Interval MRI imaging
demonstrated a mature left MCA infarct (Fig. 2). Prior
to discharge he was self-caring and mobilizing indepen-
dently. He had persistent speech apraxia and limited
verbal output but was able to communicate using writ-
ten methods. He was repatriated to a local hospital await-
ing social care input and ongoing speech and language
therapy.
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Discussion

The etiology of this large ischaemic stroke and combined
venous and arterial thrombosis is likely due to a hyper-
coagulable state, induced by significantly elevated levels
of total homocysteine. In this patient, this is likely mul-
tifactorial and related to chronic anabolic steroid use in
combination with the homozygous MTHFR c.677 C>T
thermolabile variant, folate deficiency, and vitamin B12
deficiency.

Folate and vitamin B12 deficiency was attributed to
dietary insufficiency and possibly contributed by a his-
tory of Crohn’s disease. However, in this case, there were
no clinical or CT-PET findings to suggest active disease.
Cessation of AAS in combination with vitamin B12 and
folate replacement led to normalization of homocysteine
concentration on repeat testing.

Fig. 2 Interval Axial T2 MRI scan performed 5 months following acute stroke. Indicating mature large left MCA territory infarct
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Homocysteine & stroke

Homocysteine is a toxic intermediate of the metabolism
of the amino acid methionine, low levels are therefore
typically maintained in plasma[l]. Ineffective intracel-
lular metabolism of homocysteine leads to an increase
in its plasma concentration. Homocysteine metabolism
is dependent on sufficient Vitamin B6, B12, folate, and
the function of the MTHFR enzyme. The recycling of
homocysteine to methionine is dependent on both the
MTHEFR enzyme and folate as essential co-factors[2].
Hyperhomocysteinemia is one of the few conditions
that may present with both arterial and venous throm-
bosis. The dose-dependent relationship between homo-
cysteine concentration and risk of ischaemic stroke, as
well as extracranial arterial and venous thromboem-
bolism, is well characterized [3, 4]. Homocysteine has
been shown to induce endothelial dysfunction, promote
oxidative stress, and induce coagulation abnormalities
such as reduced activity of tissue plasminogen activator
(tPA) and increased activation of Plasminogen activa-
tor inhibitor-1( PAI-1) [5-7]. Chronic mild elevations of
homocysteine may also promote large and small vessel
atherosclerosis leading to ischaemic stroke [7].

Anabolic steroids & stroke

AAS use is common in the UK and is likely under-
reported; in our case this was covert and only sub-
sequently revealed. Anabolic androgenic steroid use
leading to ischaemic stroke has been previously reported
but primarily limited to case reports [8—10]. Proposed
prothrombotic mechanisms include dyslipidemia, plate-
let aggregation, and increased hematopoiesis resulting in
erythrocytosis [11-13]. A study by Graham et al. dem-
onstrated chronic anabolic steroid use can raise homo-
cysteine levels compared to controls independent of B12
and folate concentration[14]. Elevation of homocysteine
by AAS may contribute to stroke risk, however, the exact
mechanism by which AAS leads to elevated homocyste-
ine is unknown [12, 14].

MTHFR & stroke

Several known variants of the MTHFR gene exist lead-
ing to reduced activity of the enzyme MTHEFR. A ther-
molabile variant was first discovered in 1988 caused by
a missense mutation, ¢.677 C>T (rs1801133) [15]. This
variant is common with significant differences between
ethnic groups, with the highest prevalence in White
and Hispanic populations [16]. The estimated global
prevalence of heterozygotes is between 30 and 50% and
homozygotes between 3 and 15% (16). Homozygotes
with this MTHFR variant have an enzymatic function
at roughly 30% compared to those without the variant
[17]. Homozygosity is associated with a mild elevation
of homocysteine and increased stroke risk compared to
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heterozygotes and controls. The extent in which MTHFR
variants contribute to stroke risk has been inconsistent or
thought to be moderate compared to the classical stroke
risk factors[18].

Lowering homocysteine & stroke prevention

Plasma homocysteine can be reduced through treatment
with folic acid supplementation. However, the results
of large trials for stroke prevention with B vitamins and
folic acid supplementation are inconsistent and largely
negative [19-21]. Analysis of stroke outcomes from the
Heart Outcomes Prevention Evaluation 2 trial did sug-
gest a reduction in stroke incidence with folic acid sup-
plementation in sub-groups without routine folic acid
fortification in food and sub-groups with higher baseline
homocysteine levels [20]. Furthermore, a meta-analysis
of folic acid supplementation in countries without rou-
tine fortification in foods was associated with a 25% risk
reduction in stroke [22].

It is suggested that patients with MTHER c.677 C>T
variants may have increased folate requirements to
maintain normal serum folate and homocysteine concen-
trations[23]. The China stroke primary prevention ran-
domized control trial demonstrated reduced stroke risk
with folic acid replacement in the MTHFR variant popu-
lation [24]. Therefore the MTHFR variant sub-group may
represent a high-risk group for intervention [23]. Rou-
tine testing of homocysteine which is typically reserved
for young stroke presentations in the UK may be a useful
screen to guide further MTHFR gene testing as part of
our stroke management.

Conclusion

In summary, hyperhomocysteinemia is an important
potential cause of ischaemic stroke and may result from
genetic, dietary, and social factors. Anabolic steroid use
is an important risk factor for clinicians to consider, par-
ticularly in cases of young stroke with elevated serum
homocysteine. Testing for MFTHR variants in stroke
patients with raised homocysteine may be useful to guide
secondary stroke prevention through adequate vita-
min supplementation. Further studies looking into pri-
mary and secondary stroke prevention in the high-risk
MTHER variant cohort are necessary.

Abbreviations

MTHFR  Methylenetetrahydrofolate reductase
AAS Anabolic androgenic steroid

MCA Middle cerebral Artery

UK United Kingdom

NIHSS National Institutes of Health Stroke Scale

Acknowledgements
None.



Chen et al. BMC Neurology (2023) 23:167

Author contributions
All authors contributed to drafting and editing of manuscript, and review of
completed manuscript.

Funding
N/A.

Data availability
N/A.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
N/A.

Consent to publish
Written informed consent obtained from subject of case report.

Author details
'National Hospital for Neurology and Neurosurgery, London, UK
2Umversity College London Hospitals NHS Foundation Trust, London, UK

Received: 7 February 2023 / Accepted: 3 April 2023
Published online: 26 April 2023

References

1. Kumar A, Palfrey HA, Pathak R, Kadowitz PJ, Gettys TW, Murthy SN. The
metabolism and significance of homocysteine in nutrition and health. Nutr
Metab. 2017;14:1-12.

2. Selhub J. Homocysteine metabolism. https://doi.org/101146/annurev.
nutr191217.2003;19:217-46.

3. Ray JG. Meta-analysis of hyperhomocysteinemia as a risk factor for venous
thromboembolic disease. Arch Intern Med. 1998;158:2101-6.

4. Clarke R, Collins R, Lewington S, Donald A, Alfthan G, Tuomilehto J, et al.
Homocysteine and Risk of Ischemic Heart Disease and Stroke: a Meta-analy-
sis. JAMA. 2002;288:2015-22.

5. Furie KL, Kelly PJ. Homocyst(e)ine and stroke. Semin Neurol. 2006,26:24-32.

6. Kristensen B, Malm J, Nilsson TK, Hultdin J, Carlberg B, Dahlén G, et al. Hyper-

homocysteinemia and hypofibrinolysis in young adults with ischemic stroke.

Stroke. 1999;30:974-80.

7. Van Guldener C, Stehouwer CDA. Hyperhomocysteinemia, vascular pathol-
ogy, and endothelial dysfunction. Semin Thromb Hemost. 2000,26:281-9.

8. Garcfa-Esperon C, Hervas-Garcia JV, Jiménez-Gonzélez M, de la Ossa-Herrero
NP, Gomis-Cortina M, Dorado-Bouix L, et al. [Ingestion of anabolic steroids
and ischaemic stroke. A clinical case report and review of the literature]. Rev
Neurol. 2013;56:327-31.

Page 5 of 5

9. Xiong G, Velez A, Khanna A. Anabolic Steroids Abuse And Ischemic Stroke:

A Case Report And Literature Review (P6.247). Neurology. 2014;82 10
Supplement.

10.  Santamarina RD, Besocke AG, Romano LM, loli PL, Gonorazky SE. Ischemic
stroke related to anabolic abuse. Clin Neuropharmacol. 2008;31:80-5.

11. Ferenchick G, Schwartz D, Ball M, Schwartz K. Androgenic-anabolic steroid
abuse and platelet aggregation: a pilot study in Weight Lifters. Am J Med Sci.
1992;303:78-82.

12. Rosca AE, Vlddareanu AM, Mititelu A, Popescu BO, Badiu C, Caruntu C et al.
Effects of Exogenous Androgens on Platelet Activity and Their Thrombogenic
Potential in Supraphysiological Administration: A Literature Review. J Clin
Med 2021, Vol 10, Page 147.2021;10:147.

13.  Coviello AD, Kaplan B, Lakshman KM, Chen T, Singh AB, Bhasin S. Effects of
graded doses of testosterone on erythropoiesis in healthy young and older
men. J Clin Endocrinol Metab. 2008;93:914-9.

14.  Graham MR, Grace FM, Boobier W, Hullin D, Kicman A, Cowan D, et al.
Homocysteine induced cardiovascular events: a consequence of long term
anabolic-androgenic steroid (AAS) abuse. Br J Sports Med. 2006;40:644-8.

15. Kang SS, Zhou J, Wong PWK, Kowalisyn J, Strokosch G. Intermediate homo-
cysteinemia: a thermolabile variant of methylenetetrahydrofolate reductase.
Am J Hum Genet. 198843:414.

16. Graydon JS, Claudio K, Baker S, Kocherla M, Ferreira M, Roche-Lima A, et al.
Ethnogeographic prevalence and implications of the 677 C > T and 1298A
> C MTHFR polymorphisms in US primary care populations. Biomark Med.
2019;13:649-61.

17. Moll S, Varga EA, Homocysteine, Mutations MTHFR. Circulation.
2015;132:€6-69.

18. Zhaol, LiT, Dang M, LiY, Fan H, Hao Q et al. Association of methylenetetrahy-
drofolate reductase (MTHFR) rs1801133 (677 C > T) gene polymorphism with
ischemic stroke risk in different populations: An updated meta-analysis. Front
Genet. 2023;13.

19.  Marti-Carvajal AJ, Sola |, Lathyris D, Dayer M. Homocysteine-lowering inter-
ventions for preventing cardiovascular events. Cochrane Database Syst Rev.
2017;2017.

20. Saposnik G, Ray JG, Sheridan P, McQueen M, Lonn E. Homocysteine-Lowering
therapy and stroke risk, severity, and disability. Stroke. 2009;40:1365-72.

21, Spence JD, Bang H, Chambless LE, Stampfer MJ. Vitamin intervention for
Stroke Prevention Trial. Stroke. 2005;36:2404-9.

22. Hsu CY, Chiu SW, Hong KS, Saver JL, Wu YL, Lee J, Der, et al. Folic acid in Stroke
Prevention in Countries without Mandatory Folic Acid Food Fortification: a
Meta-analysis of Randomized controlled trials. J Stroke. 2018;20:99.

23. Jacques PF, Bostom AG, Williams RR, Ellison RC, Eckfeldt JH, Rosenberg IH, et
al. Relation between Folate Status, a common mutation in Methylenetetrahy-
drofolate Reductase, and plasma homocysteine concentrations. Circulation.
1996;93:7-9.

24. Zhao M, Wang X, He M, Qin X, Tang G, Huo Y, et al. Homocysteine and Stroke
Risk: modifying effect of Methylenetetrahydrofolate Reductase C677T poly-
morphism and folic acid intervention. Stroke. 2017;48:1183-90.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/101146/annurev.nutr191217
https://doi.org/101146/annurev.nutr191217

	﻿Ischaemic stroke with multi-focal venous and arterial thrombosis due to hyperhomocysteinemia: anabolic androgenic steroid use and ﻿MTHFR c.667 C > T﻿ variant – a case report
	﻿Abstract
	﻿Background
	﻿Case report
	﻿Discussion
	﻿Homocysteine & stroke
	﻿Anabolic steroids & stroke
	﻿MTHFR & stroke
	﻿Lowering homocysteine & stroke prevention
	﻿Conclusion
	﻿References


