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Introduction
The methylenetetrahydrofolate reductase (MTHFR) is 

coded by the gene with the symbol chromosome 1 location 
p36.3 in humans and there are DNA sequence variants (genetic 
polymorphisms) associated with this gene, although the two 
most common ones are C677T and A1298C [1]. MTHFR tells our 
body how to create an enzyme involved in breaking down the 
amino acid homocysteine [2-4]. 

Deficiencies in production or function of this enzyme 
have been associated with increased risk of myocardial 
infarctions, stroke, venous thrombosis, several types of cancer,  

 
congenital defects, inflammatory bowel disease, and several 
neuropsychiatric conditions.

Studies have found that women with two C677T gene variants 
have an increased risk for having a child with a neural tube defect 
[5]. Studies have also found that men and women with two C677T 
gene variants and elevated homocysteine levels may be at a mild 
increased risk for blood clots (venous thromboembolism) [5]. In 
our practice we see arterial and venous thromboembolism with 
no hyperhomocysteinemia, and we see more cases of recurrent 
pregnancy loses. That is one reason we are proposing this study.
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Very high homocysteine levels rarely result from having two 
common variants alone. People with very high homocysteine 
levels should be carefully evaluated for other factors known 
to affect homocysteine. Doing so may bring to light dietary 
deficiencies, thyroid disease, diabetes, high cholesterol, or life-
style factors (physical inactivity, smoking and obesity) which can 
impact, although it was confirmed that C677T is associated with 
high homocysteine levels. If high levels of homocysteine cannot 
be explained by these factors, a consultation with a genetics 
professional may be helpful in identifying rare genetic causes of 
the high homocysteine [6]. 

It has been found at high frequencies in Europeans and 
American Caucasian population [7]. C677T polymorphism 
shows a wide regional and ethnic variation. Homozygosity (TT) 
among Whites is 6-14%. In African populations and in Blacks 
living outside of Africa such as in Brazil and in the United States, 
the frequency falls to less than 2% for the TT variant [8]. The 
prevalence rises in Mediterranean and Hispanic population [9]. 
For example, among Hispanics in prevalence ranges as high as 
21% [8]. As per other reports, in America, about 25% of people 
who are Hispanic, and 10-15% of people who are Caucasian have 
two copies of C677T [5]. 

The A1298C mutation, on the other hand, does not show 
as much population variance; its prevalence is more uniform 
within the currently studied groups. One study demonstrated 
that the high frequencies of the C677T/C677T and C677T/
A1298C diplotypes and haplotypes that are found in Hispanics 
may contribute to a wide spectrum of anomalies, especially in 
population subject to poor nutrition and low folate intake [10].

A cross-sectional assessment of medical records of patients 
with MTHFR polymorphisms (carriers) within Puerto Rico from 
multiple physicians’ referrals was made. 

Materials and Methods
The aim of this project was to:

a)	 Confirm the hypothesis that Puerto Ricans are more 
prone than general population in the published medical 
literature regarding venous and arterial thromboembolism 
with either mutations A1298C or C677T.

b)	 Prove that Puerto Ricans seems that do not need to have 
a documented hyperhomocysteinemia to have a thrombotic 
event.

We prepared a formulary to collect the data from the medical 
records of subjects identified by their physicians collaborating 
with the study and a questionnaire for the prospective 
ones identified. Once the data was collected a prevalence 
estimation (frequency distribution of MTHFR variants and 
their corresponding diplotypes/haplotypes) and comparison 
of the observed prevalence versus that reported in reference 
populations from the 1000 Genome project [11] (e.g. Puerto 
Ricans, Hispanics, Caucasians, African Americans, etc.) in the 
study population was performed followed by critical analysis 
with articles identified after medical literature reviewed. The 
possible barrier we anticipated is the participation of physicians 
as volunteers in the study providing their medical records for 
review. The study involved human ethics and HIPAA Law due to 
patients participating either their medical records or answering 
the questionnaire. 

We wanted to determine how important and what clinical 
value is to perform the genetic mutations of MTHFR in our 
population to identify the ones at risk. To prevent cerebrovascular, 
cardiovascular, and obstetric thrombotic events. To teach the 
physicians and health professionals to do this test more regularly. 
To allow health insurance companies to cover this test. It will be 
interesting if more Hispanic population can be included in a near 
future such as subjects from Dominican Republic, Virgin Islands, 
Central and South America. 

There was evidence that we need to do this study in Puerto 
Ricans and Hispanics [12-16] and to do comparison with 
prevalence studies in humans with other races [8,9,17,18].

Figure 1: Sex percentage.
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Results
We reviewed 2752 active records of which 101 cases had 

the genetic mutation test positive for MTHFR for a prevalence of 
3.67% (Table 1). Of those cases 81.2% were females and 18.8% 
males. Twenty-eight percent of the cases had dyslipidemia, 37.6% 
with hypertension, and 18.8% were diabetics. Around 79.2% 

were heterozygous and 21% homozygous, 83% were single, and 
13.9% had hyperhomocysteinemia. Twenty-one percent of the 
cases had anemia, 28.7% with deep venous thrombosis, 12.9% 
with stroke, 0.07% with coronary artery disease, 0.04% with 
pre-eclampsia, and 0.05% with premature births (Figure 1 & 2) 
and (Table 2 & 3).

v

Figure 2: MTHFR mutations and Homocysteine levels.

Table 1: MTHFR study table.

MRN Sex Age Race

MTHFR 
Mut 

ation 
A1298C

MTHFR 
Mut 

ation 
C677T

Single 
(S) Or 

Double 
(D)

Hetero 
(HeT) 

or 
Homo 
(H0)

D 
M

D 
L 
P

H 
B 
P

C 
A 
D

D 
V 
T

P 
E

Stroke
T 
I 
A

Abort
Pre-
ecla 

mpsia

Prem 
ature 
baby

Incre 
ased 

homo 
cystein

Low 
Weight 
At birth

Anemia
Coagu 

lopathy

1 53 F 59 H X   HET                

2 94 F 39 H X  S HET  X   X    X      
APL 

syndrome

3 180 F 38 H  X D HO X    X    X       

4 212 F 36 H  X D HO                

5 213 F 45 H X X S HET                

6 219 F 33 H  X S HET              X
Protein S 

def

7 258 F 45 H  X S HET  X       X   X  X
APL 

syndrome 
ATIII def

8 385 F 40 H  X S HET               
Factor XII 

def

9 908 F 50 H X  D HO X X   X X         ATIII mut

10 1023 M 87 H  X S HET   X X X X X         

11 998 F 37 H  X D HO         X   X    

12 980 F 57 H X                   

13 1107 F 54 H X X S HET                

14 1148 F 40   X  HOM          X X     

15 1350 F 66 H  X S                 

16 1992 F 63 H X X S HET  X   X    X     X
Protein S 
def AT III 

def

17 2013 F 36 H  X S HOM    X   X  X      AFL synd.

18 2285 F 39 H  X D HOM X           X   
Factor II 

mut.
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19 2294 F 38 H  X S HET         X      
Protein S 

def

20 2296 M 71 H  X D HO     X           

21 2324 F 60 H  X D HO     X X        X  

22 2414 F 88 H  X D HO X X X   X      X    

23 2466 F 43 H X  S HET         X  X    
FactorII 

mut. ATIII 
def.

24 2479 F 36 H X  S HET   X           X  

25 2487 F 39 H  X S HET         X      
Protein C 

def

26 2551 F 46 H X X S HET         X       

27 2617 M 49 H  X S HET X  X  X          
Fibrinogen 

mut.

28 2739 M 83 H  X S HET  X X         X    

29 2742 F 39 H X X S HET  X   X           

30 2746 F 27 H  X S HET               
Protein S 

def

31 2757 F 63 H X  S HET  X   X           

32 2816 F 41 H X X S HET         X   X  X
Protein S 

def

33 2852 F 43 H  X S HET  X X       X  X  X  

34 2887 F 68 H X  S HET   X  X    X      
Protein C 

def

35 2940 F 46 H X  S HET         X      
Factor II 

Mut

36 3016 F 58 H X  D HO  X X         X    

37 3022 F 73 H  X S HO X X          X   
Factor II 

def

38 3057 F 35 H X X S HET   X  X    X       

39 3053 F 34 H  X S HET     X         X
Protein S 

def

40 3315 M 70 H  X S HET  X X    X         

41 3320 F 66 H  X S HET X X X             

42 3450 M 28 H  X S HET                

43 3538 F 45 H  X S HET     X       X    

44 3595 F 69 H X X S HET   X            
Factor V 

mut.

45 3630 F 62 H  X D HOM  X X  X          
PT mut. 

Protein S 
def

46 3679 F 36 H X  S HET                

47 3785 M 50 H X  S HET     X           

48 3773 F 24 H  X S HET                

49 3891 F 43 H X X S HET         X     X  

50 3908 F 43 H X X S HET       X         

51 3948 F 40 H X X S HET       X  X     X  

52 4036 F 51 H X  S HET         X       

53 4046 F 34 H  X S HET  X X  X  X       X  

54 4083 F 72 H X  S HET X  X      X       

55 4107 F 3 H X X S HET                

56 4156 F 28 H X  D HOM       X X X       

57 4174 M 70 H X X S HET X  X         X    

58 4193 F 25 H X X S HET                

59 4194 M 24 H X  S HET                
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60 4204 F 58 H  X S HET  X X  X X          

61 4217 M 43 H  X S HET  X X X X X        X  

62 4257 F 36 H  X S HET              X  

63 4282 F 24 H  X S HET   X           X  

64 4331 M 71 H X X S HET              X  

65 4336 F 24 H X  S HET         X     X  

66 4393 F 33 H  X D HO   X      X X X     

67 4418 F 39 H  X D HO            X    

68 4482 F 41 H X X S HET  X X             

69 4495 F 27 H  X S HET         X     X
Protein C 

def

70 5040 F 43 H X X S HET     X    X     X  

71 5087 F 35 H X X S HET       X         

72 5120 M 43 H  X D HO   X             

73 5148 M 61 H X X S HET X  X X           
Protei C def 

ATIII def

74 5211 M 74 H  X S HET  X X             

75 5213 F 21 H X  S HET                

76 5216 F 90 H X  S HET   X             

77 5217 F 55 H  X S HET X  X             

78 5222 F 43 H  X D HO  X X  X X X   X X     

79 5223 M 66 H  X S HET X  X  X           

80 5224 F 30 H  X S HET     X           

81 5249 F 67 H  X D HO  X X  X           

82 5274 F 44 H X  S HET     X           

83 5299 F 48 H X  S HET X X X    X         

84 5306 M 47 H X X S HET   X             

85 5316 F 69 H X X S HET X X X         X    

86 5350 F 63 H X  S HET   X             

87 5374 M 56 H  X D HO X X X X   X         

88 5380 F 68 H  X S HET X  X X            

89 5424 F 54 H X X S HET X  X    X  X       

90 5445 F 39 H X X S HET   X      X       

91 5447 F 39 H X  S HET  X     X    X     

92 5450 F 64 H X X S HET   X  X X        X  

93 5458 F 24 H  X S HET         X      
Protein C 

def

94 5461 F 27 H  X S HET              x
Lupus 

anticoag

95 5472 F 57 H X  S HET X X X X            

96 5485 F 52 H X  D HO X   X          X  

97 5527 M 68 H X  S HET     X       X    

98 5558 F 62 H  X D HO  X   X           

99 5562 F 64 H X X S HET  X              

100 5604 M 52 H  X S HET     X X          

101 5610 F 53 H X  S HET  X    X          

27=A1298C 18=DOUBLE 80=HETEROZYGOUS 7=CAD 1=TIA 14=HOMOCYSTEINEMIA  

48=C667T 19=MALE 19=DM 29=DVT 20=ABORTION 2=A1298C 0=LOW BIRTH WEIGHT

26=BOTH 82=FEMALES 28=DLP 10=PE 4=PRECLAMSIA 9= C677T 21=ANEMIA

83=SINGLE 21=HOMOZYGOUS 38=HBP 13=STROKE 5=PREMATURE BABY 3=BOTH 24=COAGULOPATHY

MRN= Record number, DM= Diabetes Mellitus, DLP= Dyslepedemia, HBP= High blood pressure, CAD= Coronary artery disease, DVT= Deep vein thrombosis, PE= 
Pulmonary emboly, TIA= Transient Ischemic attack.
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Table 2: Types of Mutations.

Single or Both Hetero or Homo

83 Singles 80 Hetero

18 Both 21 Homos

Table 3: Reported Conditions of Patients.

Diabetes Mellitus Type Ii 19

Dyslipidemia 28

High Blood Pressure 38

Coronary Artery Disease 7

Deep Venous Thrombosis 29

Pulmonary Embolism 10

Stroke 13

Transient Ischemic Attack 1

Recurrent Pregnancy Loss 20

Preeclampsia 4

Preterm Birth 5

Low Birth Weight 0

Anemia 21

Coagulopathy 24

Hyper homocysteinemia 14

Discussion
One study making a relationship with a risk of colorectal 

carcinoma (CRC) and MTHFR mutations revealed differences 
in the rate of MTHFR gene polymorphism mutations and the 
associated risks with CRC across different global populations. 
Geographical location played an important role in the rate of 
MTHFR gene polymorphisms [19]. This is one reason we need to 
do further studies globally to determine the exact expression of 
those mutations in different populations.

In our analysis the prevalence was lower than in reported 
studies from medical literature. This was a small study sample 
and it could be the reason of low prevalence, although a high-risk 
population was identified such as patients with Diabetes mellitus 
type II, High Blood Pressure, and Dyslipidemia. Interestingly 
we identified venous thrombo-embolisms more frequent than 
cardiovascular and arterial disease. One fourth of the cases 
presented with anemia which can be related to MTHFR mutation. 

C677T mutation was higher ten A1298C as described in pub-
lished papers before. Our hypothesis regarding hyperhomocys-
teinemia was confirmed that Puerto Ricans do not have to ex-
press high homocysteine levels to have thrombotic or ischemic 
events.

I agree with Prospective studies of Hispanic women with 
these mutations and pregnancy outcomes will establish if there 
is a causal relationship.

Conclusion

We reviewed 2752 cases of which 101 had the MTHFR mu-
tation for a prevalence of 3.67% of which 13.9% had high ho-
mocysteine levels. Almost one third of the cases have thrombo-

philia, so, we demonstrated that Puerto Ricans have a higher 
prevalence of MTHFR mutations with higher risk of thrombo-
philia despite having normal homocysteine levels. Larger sample 
study is recommended.
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