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Abstract. MTHFR polymorphisms C677T and A1298C are associated with reduced MTHFR enzyme activity and hyperhomo-
cysteinemia, which has been associated with osteoporosis. The A163G polymorphism in osteoprotegerin (OPG) has been studied
in osteoporosis with controversial results. The objective of the present study was to investigate the association(s) among MTHFR
C677T, MTHFR A1298C, and OPG A163G polymorphisms in Mexican patients with rheumatoid arthritis and osteoporosis. The
femoral neck and lumbar spine bone mineral densities (BMDs) were measured in 71 RA patients, and genotyping for the three
polymorphisms was performed via restriction fragment length polymorphism analysis. Patients with osteoporosis/osteopenia
exhibited statistically significant differences in the genotype frequencies of MTHFR C677T as well as an association with femoral
neck BMD; TT homozygotes had lower BMDs than patients with the CT genotype, and both of these groups had lower BMDs than
patients with the CC genotype. The associations of the MTHFR C677T polymorphism with osteoporosis/osteopenia and femoral
neck BMD suggest that these polymorphisms confer a risk of developing osteoporosis in patients with rheumatoid arthritis, a risk
that may be reduced with folate and B complex supplementation.
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1. Introduction mature osteoporosis (OP), and bone fractures [12]. Two
allelic variants in the MTHFR gene, 677T and 1298C,
have been associated with reduced enzyme activity and
elevated homocysteine levels [6,29]. Methotrexate,
sulfasalazine, and corticosteroids which increase plas-
ma homocysteine levels are commonly prescribed to
RA patients [7,10].

Several investigations have reported associations of
these variants with increased risk of fractures [1,14]

Hyperhomocysteinemia is associated with several
pathologies including rheumatoid arthritis (RA), pre-
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and/or decreased bone mineral density (BMD) [1,25],
although these associations are controversial [3,6,13].
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Table 1
Characteristics of RA patients in osteoporosis, osteopenia and non-osteoporosis

(normal BMD) groups

characteristic osteoporosis osteopenia normal BMD  p value

number of patients 9 32 30

age mean + SD 493 +4.61 48.1+£345 4854+6.13 0.435%
(median, range) (40-54) (41-54) (38-68)

SD: standard deviation.

*p value obtained by Kruskal-Wallis test.

Moreover, the receptor activator of NFkB, osteoprote-
gerin (OPG), plays an important role in bone remodel-
ing [33] by inhibiting terminal differentiation and ac-
tivation of osteoclasts and by inducing their apopto-
sis; OP more frequently occurs in RA patients than
in healthy people [18]. Therefore, several polymor-
phisms have been assessed in the context of OP/fracture
risk, including the A163G polymorphism located in the
OPG promoter, with controversial results [15,28].

In this study, we wished to determine whether an
association exists between C677T and A1298C poly-
morphisms of MTHFR gene and OPG A163G poly-
morphism, in patients with RA and OP.

2. Material and methods

2.1. Group selection

We included 71 RA patients selected according to
1987 American College of Rheumatology criteria [4]
who lacked any other condition related to OP. These
patients were matched by gender and age range in
the groups with OP or osteopenia (OP/osteopenia) and
without OP/osteopenia (normal BMD); these patients
were selected from one out-patient rheumatology clin-
ic in Guadalajara, México, from provinces of western
Mexico. This study was approved by an Ethical Com-
mittee and conforms to the code of ethics of the World
Medical Association.

2.2. BMD measurement

BMD was measured in the femoral neck and lumbar
spine by a dual X-ray absorption densitometer. These
BMDs were categorized according to T-score as OP (T
score < 2.5 SD), osteopenia (1 < T-score > 2.5 SD),
or normal BMD (T-score > 1).

2.3. Molecular analysis

A 10-mL blood sample was obtained from all pa-
tients for DNA extraction [24]. The MTHFR C677T
and A1298C and OPG A163G polymorphisms were
assessed via restriction fragment length polymorphism
analysis with the enzymes Hinfl, Mboll, and Mfel, re-
spectively.

2.4. Statistical analysis

The Mann-Whitney U test and the Kruskal-Wallis
test were used to assess nonparametric quantitative vari-
ables. For the comparison between the allelic/genotype
polymorphism frequencies and OP, we used the chi-
square test and Fisher’s exact test. These four analyses
were carried out with SPSS 10.0. For the determination
of individual haplotypes and frequencies as well as the
Hardy-Weinberg equilibrium test, we used the software
arlequin 3.5.

3. Results
3.1. General characteristics

The three groups of study consisted of women with
a mean age of 48.41 + 4.84 years, with a range of 38—
68 years. There were no significant differences in age
when the patients were divided into two groups (nor-
mal BMD and OP/osteopenia; Mann Whitney U test,
p = 0.6) or into three groups (normal BMD, OP, and
osteopenia; Kruskal-Wallis test, p = 0.435; Table 1).

3.2. Association of the polymorphisms with OP

The three polymorphisms were in accordance with
the Hardy-Weinberg equilibrium distribution. Regard-
ing the MTHFR polymorphisms C677T and A1298C
and the A163G OPG polymorphism, we detected a
significant association between MHTFR C677T and
the presence of OP/osteopenia (chi-squared test, p =
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Table 2
Analysis of association of the genotypes of the polymorphisms MTHFR C677T, A1298C and OPG A163G with OP/osteopenia
polymorphism 2 groups P value* 3 groups P value*
Normal BMD vs Normal BMD vs
OP/osteopenia OP and osteopenia
MTHEFR C677T TT: 4 (13%) vs 10 (24%) 0.046 TT: 4 (13.3%) vs 3 (33.3%) and 7 (21.9%) 0.035
TC: 15 (50%) vs 25 (61%) TC: 15 (50%) vs 5 (55.6%) and 20 (62.5%)
CC: 11 (37%) vs 6 (15%) CC: 11 (36.7%) vs 1 (11.1%) and 5 (15.6%)
MTHEFR A1298C  CC: 0 (0%) vs 1(2.5%) 0.266 CC: 0(0%) vs 0 (0%) and 1(3.1%) 0.323
AC: 11 (36.7%) vs 19 (46.3%) AC: 11 (36.7%) vs 5 (55.6%) and 14 (43.8%)
AA: 19 (63.3%) vs 21 (51.2%) AA: 19 (63.3%) vs 4 (44.4%) and 17(53.1%)
OPG A163G GG:1(3.3%) vs 5 (12.2%) 0.196 GG: 1(3.3%) vs 2(22.2%) and 3 (9.4%) 0.141
AG: 8 (26.7%) vs 13 (31.7%) AG: 8(26.7%) vs 2(22.2%) and 11 (34.4%)

AA: 21 (70%) vs 23 (56.1%)

AA: 21 (70%) vs 5 (55.6%) and 18 (56.2%)

* p value obtained by chi-squared test and Fisher exact test.

Table 3

Association of the genotypes polymorphic homozygous and heterozygotes compared
with wild homozygous of the polymorphisms MTHFR C677T, A1298C and OPG A163G
in OP/osteopenia compared with normal bone mineral density

Polymorphisms Normal BMD vs  Pvalue* OR (IC 95%)
OP/osteoporosis

MTHEFR C677T TT/CT: 19 (63.%) vs 35 (85%) 0.048 3.37 (1.08-10.6)
CC: 11 (37%) vs 6 (15%)

MTHEFR A1298C  CC/AC: 11 (37%) vs 20 (49%) 0.342 1.65 (0.63-4.31)
AA: 19 (63%) vs 21 (51%)

OPG A163G GG/AG: 11 (37%) vs 20 (49%) 0.342 1.65 (0.63-4.31)

AA: 19 (63%) vs 21 (51%)

* p value obtained by chi-squared test and Fisher exact test.

0.046). The three-group comparison (normal BMD,
OP, and osteopenia) was also significant (chi-squared
test, p = 0.035). The genotype TT occurred more
frequently in the OP/osteopenia group, and the T al-
lele frequency was higher in this group as well, al-
though the significance was marginal (chi-squared test,
p =0.051). The polymorphisms MTHFR A1298C and
OPG A163G did not participate in significant interac-
tions (Table 2). In order to obtain odds ratios (ORs),
we compared the grouped genotypes (polymorphic ho-
mozygous and heterozygous versus wild-type homozy-
gous) in the OP/osteopenia and normal BMD groups.
We only detected significance for MTHFR C677T (p =
0.048; OR 3.37, IC95%: 1.08-10.6), with an increase
in the genotypes TT and CT in the OP/osteopenia group
(Table 3).

A significant (Kruskal-Wallis test, p = 0.025) de-
crease in femoral neck BMD occurred in association
with the MHTFR 677T allele, with a lower BMD for
TT patients than TC patients (Mann-Whitney U test,
p = 0.046), whose BMD was lower than in CC patients
(Mann-Whitney U test, p = 0.205). The largest differ-
ence occurred between the TT and CC patients (Mann-
Whitney U test, p =0.010). No significant association
was detected for lumbar spine BMD (Kruskal-Wallis

test, p = 0.181), although the same BMD pattern, ac-
cording the MTHFR C677T genotype was present (Ta-
ble 4).

3.3. Haplotype distribution

The haplotype distribution of the polymorphisms
MTHFR C677T and A1298C and OPG A163G re-
vealed seven haplotypes, with TAA occurring most fre-
quently (32%) and CCG least frequently (1%). The
combination of the three polymorphic alleles TCG was
not found, and the combination of the two MHTFR risk
alleles, in addition to being the second-least frequent
combination (4%), was only found in OP/osteopenia
patients (Table 5).

4. Discussion

Although all three investigated polymorphisms were
present at a higher frequency in the OP/osteopenia
group than in the normal BMD group, only the geno-
types of the polymorphism MTHFR C677T achieved
statistical significance; the genotypes of this polymor-
phism were also associated with femoral neck BMD,
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Table 4
Comparison of bone mineral density (BMD) according the MHTFR C677T genotype
MTHEFR genotypes TT TC CC p value
femoral neck BMD (gr/cm2), mean 0.89 £0.16 0.95 +0.15 1.06 £ 0.16 0.025%*
=+ SD, median (range) 0.92 (0.65-1.13) 0.98 (0.58-1.21) 1.04 (0.76-1.50)
Lumbar spine BMD (gr/cm?), mean ~ 0.97 £ 0.13 1.0+ 0.13 1.05 £ 0.15 0.181*

4 SD, median (range) 0.98 (0.71-1.18)  0.98 (0.74-1.30)  1.11 (0.74-1.26)

SD: standard deviation.
* p value obtained by Kruskall-Wallis test.

Table 5
Haplotype distribution of C677T, A1298C and OPG A163G polymorphisms in the groups of study

Haplotype Osteoporosis Osteopenia Normal BMD Total
C677T-A1298C-OPG A163G  Frequency (%)  Frequency (%)  Frequency (%)  Frequency (%)
TAA 5(27.8) 19 (29.6) 22 (36.7) 46 (32)
CAA 2(11) 13 (20.3) 16 (26.7) 31(22)
CCA 4(222) 11 (17.2) 12 (20) 27 (19)
TAG 5(27.8) 11 (17.2) 1(1.6) 17 (12)
CAG 1(5.6) 5(7.8) 9(15) 15 (10)
TCA 1(5.6) 4(6.3) 0 (0) 5(4)
CCG 0(0) 1(1.6) 0 (0) 1(1)

suggesting co-dominant expression. These observa-
tions are in agreement with studies reporting associ-
ation of the genotype TT with risk of fracture and/or
reduced BMD [1,14,26], and are indirectly related to
other reports of association of homocysteine levels
with fracture risk [12,30] or with femoral neck BMD
loss [34]. Given that the MTHFR 677T allele is associ-
ated with elevated homocysteine levels [6], the lack of
association in some studies between MTHFR 677T and
OP or BMD [14,22] may be due to the effect of con-
founders, including differences in vitamin B complex
intake [2].

The relationship between hyperhomocysteinemia
and OP has been suggested to result from disturbances
in collagen cross-linking [23], reduction in the tough-
ness of collagen fibers, increased bone resorption by
osteoclasts [19], reduced osteoblast function [16], and
lysyl oxidase activity [27]. Nevertheless, an alteration
in the activity of the MTHFR enzyme, including the
forms of the protein encoded by the MTHFR 677T and
1298C alleles, has also been associated with DNA hy-
pomethylation and a subsequent impairment in gene
transcription [8], although its relationship with bone
turnover is still unknown.

The association of the MTHFR C677T polymor-
phism/genotypes with the presence of OP/osteopenia
in RA patients can be explained by the elevated ho-
mocysteine levels produced by the T allele, in addition
to the increased homocysteine levels already exhibited
by RA patients [31,32] as a result of the disease itself
and of its treatment. Moreover, homocysteine levels
in these patients have been associated with general in-

flammation markers [10], indicating that homocysteine
is increased by disease activity, as it has been related
with cytokine secretion [26] and positively correlated
with the Health Assessment Questionnaire disability
index [32]. Interestingly, a high frequency (44 %) of the
MTHER 677T allele has been identified in the Mexican
mestizo population [9].

Considering that folic acid intake reduces homocys-
teine levels and that RA patients exhibit low red blood
cell folate concentrations [32] despite supplementation
with folic acid, folic acid supplementation may not be
sufficient (mainly for carriers of the T allele of MHT-
FR) to prevent BMD reduction and OP. This hypothesis
is supported by experimental evidence that folinic acid
increases BMD in mice treated with methotrexate [21].
Folic acid would also be useful in the prevention of
other complications such as atherothrombotic events,
which have been predicted by homocysteine levels in
RA patients [7]. Further clinical trials will clarify the
necessary doses of folic acid and other B-complex vi-
tamins as well as the advantages of supplementation
in RA patients. Similarly, given the limitations of the
present study, which we consider exploratory, we wish
to emphasize the need for further studies that include
larger sample sizes, measurement of OP-associated fac-
tors (coffee intake, smoking, mass corporal index, vita-
min B complex intake, and plasma concentration), ho-
mocysteine plasma levels, and disease activity. These
expansions will be necessary to establish the relation-
ship between the polymorphism MTHFR C677T and
homocysteine levels in the context of these variables
and RA.
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Our observed lack of association of OPG A163G
with OP/osteopenia is in agreement with other re-
ports [11,28], although not with all published studies [5,

20].

Nevertheless, an association between this poly-

morphism and OPG serum levels has not been report-
ed [17,28].

In conclusion, we detected an association between
MTHFR C677T and OP/osteopenia in RA patients,
with an increase of the TT genotype in OP/osteopenia,
and an association of these genotypes with a decrease
in BMD. These observations suggest that folic acid and
other vitamin B complex supplementation should be
increased in RA patients.
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