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Abstract
Objective—Factors associated with mineralization and osteophyte formation in osteoarthritis
(OA) are incompletely understood. Genetic polymorphisms of matrix Gla protein (MGP), a
mineralization inhibitor, have been associated clinically with conditions of abnormal calcification.
We therefore evaluated the relationship of MGP concentrations and polymorphisms at the MGP
locus to hand OA.

Methods—Ours was an ancillary study to a 3-year randomized trial assessing the effect of
vitamin K supplementation on vascular calcification and bone loss among community-dwelling
elders. We studied participants who had serum MGP concentration measured and DNA genotyped
for 3 MGP genetic polymorphisms (rs1800802, rs1800801, and rs4236), and who had hand
radiographs. We evaluated the cross-sectional associations of serum MGP and the 3 MGP genetic
polymorphisms, respectively, with radiographic hand OA using logistic regression with
generalized estimating equations, adjusting for potential confounders.

Results—Radiographic hand OA in ≥ 1 joint was present in 71% of the 376 participants (mean
age 74 years, mean body mass index 28 kg/m2, 59% women). No significant association between
serum MGP concentrations and radiographic hand OA was found [adjusted OR 1.0 (ref), 1.40,
1.21, and 1.21 for quartiles 1–4, respectively]. Homozygosity of the rs1800802 minor allele was
associated with 0.56 times lower prevalence of hand OA compared with having ≥ 1 major allele at
this locus (95% CI 0.32–0.99, p = 0.046).

Conclusion—There may be an association between hand OA and genetic polymorphism at the
MGP locus that is not reflected by total MGP serum concentrations. Further studies are warranted
to replicate and elucidate potential mechanisms underlying these observed associations.
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Matrix Gla protein (MGP) is present in bone, cartilage, and vascular smooth muscle1. It
requires vitamin K for conversion through γ-carboxylation of certain glutamic acid residues
to confer function. In the carboxylated form, MGP acts as an inhibitor of calcification1. In

The Journal of Rheumatology Copyright © 2011. All rights reserved.
Address correspondence to Dr. D. Misra, 650 Albany St., Suite X-200, Clinical Epidemiology Unit, Boston, Massachusetts 02118,
USA. devyani.misra@bmc.org.
D. Misra, MD, Boston University School of Medicine; S.L. Booth, PhD, US Department of Agriculture HNRCA, Tufts University;
M.D. Crosier, PhD, RD, Framingham State College; J.M. Ordovas, PhD, US Department of Agriculture HNRCA, Tufts University;
D.T. Felson, MD, MPH, Boston University School of Medicine; T. Neogi, MD, PhD, FRCPC, Boston University School of Medicine.

NIH Public Access
Author Manuscript
J Rheumatol. Author manuscript; available in PMC 2012 September 1.

Published in final edited form as:
J Rheumatol. 2011 September ; 38(9): 1960–1965. doi:10.3899/jrheum.100985.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the absence of functional MGP, changes that occur in animal models are similar to processes
that occur in osteoarthritis (OA). For example, abnormal growth plate mineralization, which
can lead to endochondral ossification, is the same process by which osteophytes form2.
Chondrocytic abnormalities including aberrant chondrocyte proliferation3, apoptosis3,
abnormal chondrocyte maturation, and lack of organized chondrocyte columns4 are akin to
chondrocyte abnormalities in OA. Further, OA chondrocytes have recently been
demonstrated to produce primarily undercar-boxylated MGP, while normal chondrocytes
produce functional carboxylated MGP5.

It is thus plausible that insufficient functional MGP associated with inadequate
concentration of vitamin K potentially plays a role in OA. We have reported that low
circulating vitamin K concentrations are associated with radiographic OA6. A postulated
mechanism for this association may be through inadequate functional MGP. In addition,
genetic polymorphisms at the MGP locus have been associated with other disorders of
abnormal mineralization such as vascular calcification7, nephrolithiasis8, and low bone
mineral density9.

Because of the possible relation of lack of functional MGP to OA, and because MGP genetic
polymorphisms have been associated with other conditions of abnormal mineralization, we
evaluated the association of serum MGP concentration and MGP genetic polymorphisms,
respectively, with radiographic hand OA. We focus on OA of the hand because knee OA is
largely driven by biomechanical factors; any effects of a systemic factor may be more
readily identified in the hand.

MATERIALS AND METHODS
Study participants

The participants were part of a randomized controlled trial funded by the US National
Institutes of Health assessing the effect of vitamin K supplementation on bone health and
vascular calcification among community-dwelling elders, ages 60–80 years, recruited
through direct mailings, newspaper advertisements, and notices in community centers. Of
the 599 people initially screened, subjects were excluded if they had renal/hepatic disease,
terminal illness, kidney stones within the past 5 years, a history of heart disease or
osteoporosis, or were women < 5 years postmenopausal. In addition, subjects were excluded
if they were taking bisphosphonates, calcitonin, hormone replacement, fluoride rinse,
supplementation > 1500 mg/d of calcium, > 1500 IU of vitamin D, or warfarin within 6
months. The remaining subjects were randomized to oral phylloquinone (500 μg) plus
multivitamin (n = 238) vs multivitamin only (n = 236) and followed for 3 years. Details of
the study have been published elsewhere10. Posteroanterior hand radiographs were obtained
at the last followup visit as part of an ancillary study. All participants received calcium and
vitamin D supplementation. We included 376 participants, out of 452 initially enrolled, who
had serum MGP concentrations, DNA genotyped for 3 MGP single nucleotide
polymorphism (SNP), and hand radiographs available at the end of the 3-year trial. We
asked participants whether they had any rheumatic disease, including specifically asking
about rheumatoid arthritis or gout. We also used the Connective Tissue Disease Screening
questionnaire to screen for potential rheumatic conditions11. None of our participants had
identified themselves as having a rheumatic condition or screened positive on the screening
questionnaire. The institutional review boards at Boston University Medical Center and
Tufts Medical Center approved this study.
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Serum MGP concentration
Total serum MGP concentrations (ng/ml) were measured at baseline and at every visit from
blood samples collected after at least a 10-hour fast in a standardized manner using
radioimmunoassay as described7,12. For our analysis, serum MGP concentrations from the
last followup visit were used, which was concurrent with the hand radiographs obtained. The
assay available at the time of our study did not distinguish between the functional and
nonfunctional levels of MGP, and thus was a measure of total serum MGP concentrations.

MGP polymorphisms
Participants’ DNA was genotyped for 3 MGP SNP: rs1800802 (T-138C, promoter region),
rs1800801 (G-7A, 5′UTR), and rs4236 (nonsynonymous polymorphism located on exon 4,
with an alanine to threo-nine base change). The genotypes were in Hardy-Weinberg
equilibrium7. Details of genotyping are described elsewhere7.

Hand radiographs
At the final 3-year followup visit, participants were invited to join a separately funded
ancillary study in which bilateral posteroanterior hand radiographs were obtained using a
standard technique. The radiographs were read by a board-certified musculoskeletal
radiologist in a blinded fashion after calibration and adjudication. Each hand joint (4 distal
interphalangeal, 4 proximal interphalangeal, 5 metacarpophalangeal, 1 interphalangeal, and
1 carpometacarpal) was scored for Kellgren-Lawrence (KL) grade (0–4), joint space
narrowing (grade 0–3), and largest osteophyte (OST, grade 0–3), using the Osteoarthritis
Research Society International atlas13. The musculoskeletal radiologists also read the
radiographs for any evidence of other rheumatic conditions, such as rheumatoid arthritis,
psoriatic arthritis, gout, or chondrocalcinosis.

Potential confounders
Information regarding age, sex, medical history, physical activity (by the Physical Activity
Scale for the Elderly14), and smoking status (yes/no, current vs nonsmoker) was obtained at
baseline and each followup visit. Height (nearest inch) by stadiometer and weight (pounds)
by digital scale were measured in standing position. Body mass index (BMI) was calculated
as weight (kg)/height2 (m2) at baseline and at each followup visit. Assays for measurement
of plasma phylloquinone (nm/l) and serum 25-(OH) vitamin D (ng/ml) concentrations as
described10 were drawn at baseline and at each followup visit. Information regarding highest
grade completed (education) was obtained only at baseline.

Statistical analysis
Each hand joint was defined as having osteoarthritis if the KL grade was ≥ 2. We also
performed analyses with joint space narrowing (defined as ≥ 2 on a scale of 0–3) and large
osteophytes (OST ≥ 2, on a scale of 0–3) as outcomes. Serum MGP concentrations were
categorized into quartiles. Analyses were conducted on a per-joint basis. We evaluated the
association of serum MGP concentrations and each of the 3 MGP polymorphisms with
radiographic hand OA (ROA) using logistic regression with generalized estimating
equations15 to adjust for correlations among hand joints within an individual. The
polymorphisms of the MGP locus were first evaluated using an additive mode of
inheritance. Where no trend was observed with that mode of inheritance, we tested in
dominant modes of inheritance (e.g., GG vs AG + AA for rs1800802, AA vs AG + GG for
rs1800801, and CC vs TC + TT for rs4236), and in recessive modes of inheritance (e.g., AA
vs AG + GG for rs1800802, GG vs AG + AA for rs1800801, and TT vs TC + CC for
rs4236). The analyses for association of MGP concentrations with ROA were adjusted for
age, sex, BMI, education, physical activity, smoking status, serum 25-(OH) vitamin D, and
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plasma phylloquinone concentrations, all from the same clinic visit as when the hand
radiographs were obtained. Since such factors cannot influence genetic polymorphisms, the
analyses of MGP polymorphisms with ROA were adjusted for age, sex, and BMI only.
Separate analyses were performed, additionally adjusting for treatment with vitamin K.
Analyses were conducted in SAS 9.1 (SAS Institute, Cary, North Carolina, USA). P values
< 0.05 were considered statistically significant.

RESULTS
The baseline characteristics of participants in the current study are presented in Table 1.
Among the 376 participants enrolled, (59% women), the mean age was 71 years (SD 5.5),
and the mean BMI was 28 kg/m2 (SD 5.1) at the same clinic visit where the radiographs
were obtained. Seventy-one percent of the participants had ROA in ≥ 1 hand joint.

As shown in Table 2, we found no association between total serum MGP concentrations and
hand ROA. Compared with the lowest quartile of serum MGP, the adjusted OR (95% CI) for
having hand OA were 1.40 (0.94–2.06), 1.21 (0.80–1.81), and 1.21 (0.79–1.85) for the
second through fourth quartiles, respectively (p for linear trend = 0.8).

The minor allele frequencies for the 3 SNP rs1800802, rs1800801, and rs4236 were 0.25,
0.39, and 0.41, respectively. The genotype frequency distributions were evaluated and
determined to be in Hardy-Weinberg equilibrium as described elsewhere7. Serum MGP
concentrations significantly differed among the 3 genotypes for rs1800802, while for SNP
rs1800801 and rs4236, only 1 genotype was significantly different (Table 3).

For the association of genetic polymorphisms of MGP with hand OA, no dose-response
relationship was noted with the additive mode of inheritance. Using the dominant mode of
inheritance, homozygosity for the minor allele of rs1800802 (GG) was associated with 44%
lower odds of hand OA compared with having ≥ 1 major allele (AG + AA; adjusted OR
0.56, 95% CI 0.32–0.99, p = 0.05; Table 3). Adjustment for treatment with vitamin K did
not change the result. Using the recessive mode of inheritance, a borderline association of
rs4236 with odds of radiographic hand OA was also found. Homozygosity for the major
allele (TT) was found to have 22% lower odds of radiographic OA compared with
genotypes with ≥ 1 minor allele (TC + CC). The adjusted OR was 0.78 (95% CI 0.60–1.01)
for the association. No significant association was found between the genetic polymorphism
rs1800801 and radiographic hand OA (Table 3).

Similarly, using the dominant mode of inheritance, homozygosity for the minor allele of
rs1800802 (GG) was associated with 75% lower odds of joint space narrowing (adjusted OR
0.25, 95% CI 0.11–0.58; Table 4) and 69% lower odds of osteophytosis (adjusted OR 0.31,
95% CI 0.17–0.58; Table 4) compared with having ≥ 1 major allele (AG + AA).
Homozygosity for the major allele (TT) of rs4236 was found to have 48% lower odds of
joint space narrowing compared with genotypes with at least 1 minor allele (TC + CC;
adjusted OR 0.52, 95% CI 0.35–0.78; Table 4), while no such significant association with
osteophytes could be found.

DISCUSSION
In our hypothesis-generating study, we did not find an association of hand ROA with total
MGP serum concentrations, but we did find associations with particular genetic
polymorphisms at the MGP locus. Homozygosity for the minor allele (GG) of rs1800802
was associated with a reduced prevalence of hand ROA, joint space narrowing, and
osteophytosis compared with genotypes with ≥ 1 major allele (AG + AA). In addition, a
borderline association was found between rs4236 polymorphism and hand ROA. The
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association did not reach statistical significance, although a significant association was
found with joint space narrowing. Homozygosity for the major allele (TT) of rs4236 was
associated with reduced prevalence of ROA and joint space narrowing compared with
genotypes with ≥ 1 minor allele (TC + CC). Although the potential mechanism for this
observation is unknown, we speculate that it could be due to specific functional variants of
MGP related to these genetic polymorphisms or one that is in linkage disequilibrium. These
particular genetic polymorphisms were selected for genotyping based on evidence of altered
promoter activity and some suggestion, although not consistent, with other conditions of
abnormal mineralization7.

Studies have found an association between polymorphisms at the MGP locus and clinical
syndromes of abnormal mineralization. The rs1800802 polymorphism has been associated
with vascular calcification, and with homozygosity for the minor allele being associated
with a lower risk of coronary artery calcification (CAC)7, mostly among white participants.
This finding is consistent with the association of this SNP with a lower prevalence of hand
OA in our study, also conducted primarily with white participants, suggesting a potential
common set of pathways involved in mineralization. Crosier, et al7 also demonstrated an
association of the other polymorphisms, rs1800801 and rs4236, with CAC. However, other
studies have shown inconsistent results, with 1 study conducted among European
participants (North Ireland and France)16 and the other among African American and non-
Hispanic whites17. In terms of other clinical conditions of abnormal mineralization, the
rs4236 polymorphism has been associated with nephrolithiasis8 among Japanese men and
women. An association of an MGP genetic polymorphism with low bone mineral density
among Japanese women has also been reported9. Thus, various MGP genetic
polymorphisms have been associated with a variety of clinical conditions that exhibit
abnormal mineralization, a finding that supports the importance of MGP in the process of
mineralization.

For OA, MGP is likely important not only because of mineralization effects, but also for
regulation of cartilage matrix, as implicated by chondrocyte abnormalities that can occur in
the absence of functional MGP2,4. Biologically, the role of the functional form of MGP as a
key regulator of mineralization is well known and has been demonstrated in vitro and in
animal models. Paralleling the association of specific MGP polymorphisms, serum MGP
concentrations have been associated with CAC18. Serum MGP concentration has also been
associated with renal osteodystrophy19, a condition that has not been studied in the context
of MGP genetic polymorphisms. In contrast to such studies, serum MGP concentrations
were not associated with OA in our study. There are other instances in literature where MGP
concentrations were not associated with a clinical syndrome of abnormal mineralization. For
example, O’Donnell, et al20 were unable to detect a consistent association of serum MGP
concentration with CAC, although they found an association with cardiovascular risk
factors20. In the same study population they found an association of CAC with a
polymorphism at the MGP locus. Thus it appears that serum total MGP concentration may
not be a robust marker.

It is not entirely clear why some studies have found a relation of serum MGP concentration
and/or MGP genetic polymorphisms to phenotypes of abnormal mineralization while others
have not. It is likely a combination of factors, including differences in ethnic groups,
different ages at which phenotypes manifest, the ages at which the participants were studied,
the rate of progression of diseases studied, and the prevalence of other pertinent risk factors
that are likely important and contribute to these discordant findings. For serum concentration
studies, the study design and number of measurements are also important methodologic
considerations. As well, it is possible that total serum concentration is a sufficient correlate
for some diseases, while functional MGP levels or even tissue levels of functional MGP are
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of greater relevance for OA, as is thought to be the case with other potential bio-markers of
OA. Indeed, while both normal and OA-derived chondrocytes are capable of producing
MGP, OA chondrocytes have been demonstrated to produce predominantly undercar-
boxylated MGP while non-OA chondrocytes produce the functional carboxylated MGP5.
Although functional levels of circulating MGP can be measured now, at the time of our
study, the assays available were able to measure only total serum MGP concentration and
not functional MGP concentration21.

Our study has limitations. First, our sample size may be too small to have sufficient power
to precisely estimate effects of MGP concentrations with OA, and may compromise our
ability to conduct more robust genetic association analyses. We also did not have available
to us a validation cohort to replicate these findings. Second, there is a possibility that OA
itself can lead to changes in serum MGP concentrations, leading to reverse causation in the
cross-sectional analyses. Nonetheless, we did not find any association of serum MGP
concentrations with OA, positive or negative, making reverse causation less likely. Further,
reverse causation is not an issue for genetic polymorphism analyses because the
polymorphisms are present prior to any OA occurrence. Third, the assay available at the
time of our study reliably provides only total serum MGP concentration. Therefore, we are
unable to comment on the association of serum functional MGP concentration (i.e., the
degree of γ-carboxylation), which is likely more clinically relevant with OA. Fourth, we
cannot be certain about the absence of secondary OA, but our screening methods did not
identify any participants with rheumatic conditions other than a few who had
chondrocalcinosis. We cannot exclude the possibility that any hand OA identified in those
few with chondrocalcinosis was secondary to the chondrocalcinosis. Due to very few joints
with chondrocalcinosis on hand radiographs in this sample (4 left hand, 4 right hand), we
were unable to more directly evaluate this particular phenotype of abnormal mineralization
in the joints. Fifth, our participant population was mostly white, a circumstance that aids the
genetic analyses but limits the generalizability of our findings to other ethnic groups.
Nonetheless, we consider this work exploratory and hypothesis-generating.

In our study, we tested our hypothesis that MGP concentration or polymorphism may be
associated with OA. Although we were unable to find an association of MGP concentration,
specific MGP genetic polymorphisms were in fact found to be associated with hand OA.
Further studies are needed to replicate our results and explore mechanisms underlying these
potential associations.
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Table 1

Participant characteristics.

Characteristics (n = 376)

Age, yrs, mean (SD) 71 (5.5)

Women (%) 59

Mean BMI, kg/m2 (SD) 28 (5.1)

Education (% attained any college) 55.8

Physical activity, mean PASE score (SD) 133 (61.1)

Smoking (% ever smoked) 52.6

Mean plasma phylloquinone, nmol/l (SD) 2.2 (2.4)

Mean serum 25-(OH) vitamin D, ng/ml (SD) 25 (7.2)

BMI: body mass index; PASE: Physical Activity Scale for the Elderly.
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Table 2

Association of serum matrix Gla protein (MGP) concentration with radiographic hand osteoarthritis (OA).

Serum MGP Quartiles (* Adjusted Mean Serum MGP,
ng/ml ± SE)

Crude Prevalence† of Radiographic Hand OA
(%) Adjusted OR*† (95% CI)

Lowest quartile

 129.8 ± 20.5 10.68 1.0 (ref)

Second quartile

 174.2 ± 11.8 15.66 1.40 (0.94–2.06)

Third quartile

 214.9 ± 10.0 13.60 1.21 (0.80–1.81)

Highest quartile

 281.0 ± 45.8 17.10 1.21 (0.79–1.85)

*
Adjusted for age, sex, body mass index, education, smoking status, physical activity, plasma phylloquinone, and 25-(OH) vitamin D.

†
The crude and adjusted OR for hand OA across quartiles of serum MGP concentration, among older men and women.
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Table 3

Association of matrix Gla protein (MGP) polymorphism with radiographic hand OA.

∧
Crude and adjusted OR for radiographic hand OA with MGP polymorphism in dominant and recessive modes of inheritance.

*
Adjusted for age, sex, and BMI.

**
Adjusted mean serum MGP concentration is significantly different in the 3 genotypes.

†
Adjusted mean serum MGP concentration significantly different in GG compared with AG/AA.

‡
Adjusted mean serum MGP concentration significantly different in TT compared with TC/CC. SNP: single-nucleotide polymorphism.
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Table 4

Association of matrix Gla protein (MGP) polymorphism with joint space narrowing and osteophytosis.

The crude and adjusted OR of joint space narrowing and osteophytosis with polymorphisms of MGP in dominant and recessive modes of
inheritance, among older men and women.

*
Adjusted for age, sex, and body mass index. SNP: single-nucleotide polymorphism.
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