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Abstract
Objectives: Macrophage erythroblast attacher (MAEA) is a membrane protein that regulates the
development of mature macrophages by mediating attachment with erythroblasts. A polymorphism
rs6815464 (C/G) in MAEA gene was reported to be associated with type II diabetes. Along with
diabetes, osteoporosis shows an increased prevalence in postmenopausal females, and both diseases
have been reported to be associated with periodontitis. Therefore, we explored the relevance of the
MAEA polymorphism to periodontitis, bone mineral density (BMD) and haemoglobin A1c (HbA1c).
Design: This was a cross-sectional study with the final sample comprised of 344 postmenopausal
Japanese females. Probing pocket depth (PPD) and clinical attachment level (CAL) were measured.
Genotype was determined by TaqMan assay. Blood biochemical parameters and BMD of the lumbar
spine were evaluated.
Results: No differences were found in age, body mass index, HbA1c, BMD, number of teeth, bone
metabolism parameters between the genotypes. Mean CAL and percentage of sites with PPD or CAL
≥5mm were higher in the G-allele carriers than in the non-carriers. Multiple logistic regression
analyses revealed that G-allele carriage was associated with severe periodontitis (odds ratio = 3.68,
95% CI =1.35-10.05).
Conclusion: Our results suggested that the MAEA gene polymorphism was independently associated
with severe periodontitis.
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1. Introduction
Macrophage erythroblast attacher (MAEA) is an integral membrane protein with small extracellular
and large cytoplasmic domains (Hanspal, Smockova, & Uong, 1998). MAEA protein is localized in
the cell surface, nucleus, and the plasma membrane of macrophages (Soni, Bala, Kumar, & Hanspal,
2007). MAEA is an attacher of erythroblasts to macrophages and essential for the maturations of
erythroid cells and macrophages (Hanspal et al., 1998, Soni et al., 2006). MAEA contributes to
nuclear structure rearrangements and cell division both in macrophages and erythroblasts (Hanspal et
al., 1998; Hanspal & Hanspal, 1994; Soni et al., 2006). A cell migration assay demonstrated that
down-regulation of MAEA inhibited relocation of macrophages (Javan, Can, Yeboah, Lee, & Soni,
2016).
Macrophages are differentiated cells of the myeloid lineage that reside in all tissues (Gentek,
Molawi, & Sieweke, 2014) and mediate phagocytosis, antigen presentation, and innate and adaptive
immunity (Gordon., 2007). Polarized macrophages produce proinflammatory cytokines, such as
tumour necrosis factor-(TNF-), interleukin-1 (IL-1), and interleukin-8 (IL-8) inducing
inflammation and damage in tissues (Barksby, Nile, Jaedicke, Taylor, & Preshaw, 2009). In contrast,
macrophages also show anti-inflammatory functions and promote wound healing by secreting antiinflammatory mediators, including interleukin-10 (IL-10) and transforming growth factor-β1 (TGFβ1) (Fadok et al., 1998). In the pathogenesis of periodontal diseases, monocytes/macrophages are
central players in immune responses against pathogens (Sima & Glogauer, 2013). Moreover, the
number of macrophages is reported to be higher in periodontitis lesions than in gingivitis lesions
(Thorbert-Mros, Larsson, & Berglundh, 2015). Therefore, we hypothesized that MAEA may have a
role in the pathogenesis of periodontitis.
Periodontitis is a dysbiotic inflammatory disease that subverts the host immune response in
susceptible individuals (Hajishengallis, 2015). Previous studies of genetic risk factors have indicated
that periodontitis is related to multiple genes (Suzuki et al., 2004). In addition, a lot of studies have
reported the association between periodontal and systemic diseases, such as obesity, diabetes,
osteoporosis or cardiovascular disease (Mealey, Oates, & American, 2006; Iwasaki, Taylor,
Nakamura, Yoshihara, & Miyazaki, 2013; Keller, Rohde, Raymond, & Heitmann, 2015; Nordendahl
et al., 2018), whereas others reported no association (Phipps et al., 2007; de Castilhos et al., 2012;
Henschel & Keenan, 2015). Patients with type II diabetes demonstrated three-fold increase in the risk
of periodontitis compared with non-diabetes and are adjusted for factors such as age sex (Collin et al.,
1998). A meta-analysis also showed a significant association between periodontitis and diabetes
(Chavarry, Vettore, Sansone, & Sheiham, 2009). In addition, possible associations between
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osteoporosis/osteopenia and periodontal disease parameters have been demonstrated in
postmenopausal females (Iwasaki et al., 2013; Gomes-Filho et al., 2007). A longitudinal study in old
adults indicated the association of bone mineral density (BMD) with progression of clinical
attachment loss in three years (Yoshihara, Seida, Hanada, & Miyazaki, 2004). However, a cohort
study of old females (mean age 75.5 years) provided insufficient evidence for an association of
periodontal disease with longitudinal decrease of BMD (Famili, Cauley, Suzuki, & Weyant, 2005).
These inconsistent results on the association between periodontitis and systemic diseases may
be partially due to the variable genetic background of study participants. Genetic polymorphisms in
risk genes that are common for diabetes/osteoporosis and periodontitis can influence their
relationship (Wang et al., 2013; Hanai et al., 2015, Yoshihara et al., 2015).
The human MAEA gene is located in chromosome 4p16.3. In 2012, a genome-wide
association study (GWAS) with East Asians revealed that a single nucleotide polymorphism
rs6815464 in an intron of the MAEA gene was associated with type II diabetes. Among eight new
loci in various genes reported from the GWAS, MAEA rs6815464 showed the strongest signal (Cho
et al., 2012). The association was also confirmed by a case-control study in Japanese subjects
(Imamura et al., 2012). Taken together, MAEA gene polymorphisms may modulate how periodontal
infections can impact systemic diseases.
Furthermore, menopause increases risks of osteoporosis and diabetes. In osteoporosis,
postmenopausal osteoporosis caused by estrogen deficiency is the most common type (Davis et al.,
2015). Because oestrogen regulates carbohydrate metabolism, estrogenic deficiency also contributes
to increased susceptibility to diabetes in postmenopausal females (Davis et al., 2015).
Therefore, this study was conducted to evaluate the association between a single nucleotide
polymorphism (rs6815464) in the MAEA gene and various periodontal indices in postmenopausal
Japanese females, as well as the possible effects of the MAEA gene polymorphism on the
associations between periodontitis and the markers of bone metabolism or diabetes mellitus.

2. Materials and methods
2.1. Study participants
Participants of this study included Japanese females who were residents of the Yokogoshi area,
Niigata City, Japan. In 2005, all 1310 females between 55 and 76 years old received the invitation to
participate in the study and 674 agreed to participate. The following females were excluded from the
study participants has been reported in a previous study (Wang et al., 2013) : 13 females who had
bilateral oophorectomy, 7 females receiving corticosteroid therapy, and 54 females treated with
bisphosphonates, oestrogen, selective estrogenic receptor modulators, vitamin K, active vitamin D
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analogues or calcitonin. After the exclusions, 600 females remained. In 2010, we conducted the
follow-up examinations in which 407 females came. All participants were not institutionalized or
ambulatory. Three edentulous females and a female with only one remaining tooth were excluded
from this study. We isolated genomic DNA from blood samples of the 403 participants for
genotyping assays. However, genomic DNA from 44 females was of insufficient quantity or quality.
Therefore, MAEA genotyping assays were performed in 359 females and were successful in 358
females. Fourteen participants with missing data from the examinations were excluded. In this study,
the final number of participants were 344 females, the mean age of 63.6 ± 5.4 years in 2010 (Figure
1).
All participants provided written informed consents. Procedures in the present study were in
accordance with the Helsinki Declaration of 2002, and were approved by the Ethics Committee of
Niigata University School of Medicine (No. 303). This was a human observational and genetic
association study, and the STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines were followed.

2.2. Interview, physical examination, biochemical measurements and BMD measurement
All participants underwent interview to obtain information such as smoking status, menopausal age,
systemic diseases, etc. Height and weight were measured for all participants. The body mass index
(BMI) was calculated by dividing the weight (kg) by the square of the height (m). Obesity was
defined criteria as BMI ≥25kg/m2 (Expert Panel on the Identification, 1998).
Because smoking has been reported as important risk factor of periodontitis (Ogawa,
Yoshihara,

Hirotomi,

Ando,

&

Miyazaki,

2002),

smoking

status

was

interviewed

(never/previous/current smoker). Since there was no current smoker in the final participants,
previous smokers were defined as smoking (+).
As previously described (Nakamura et al., 2008), peripheral blood samples were collected six
hours after a meal during the daytime and were stored immediately at 4°C. On the same day, serum
from blood sample was collected and stored at -80°C. Serum C-reactive protein (hsCRP) level was
determined by a high-sensitivity latex nephelometry assay (Behring Nephelometer II; Siemens
Healthcare Diagnostics Inc., Deerfield, IL, USA). The percentage of haemoglobin A1c (HbA1c) was
measured by the latex aggregation assay by a clinical testing company (BML, Tokyo, Japan) and
estimated as the National Glycohemoglobin Standardization Program (NGSP) equivalent value
calculated by the formula HbA1c (%) = HbA1c (Japan Diabetes Society) (%) + 0.4 (Seino et al.,
2010). The definition criterion for hyperglycaemia was HbA1c ≥6.5% (International Expert, 2009).
The concentrations of serum bone metabolism markers were determined as previously
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described (Nakamura et al., 2008). Serum osteocalcin concentration was measured by an
immunoradiometry (Mitsubishi Kagaku Medical, Inc., Tokyo, Japan) (Reference value: 3.1 - 12.7
ng/ml, coefficients of variation: 6.6%). Type I collagen crosslinked N-telopeptides (NTx)
concentration was measured with ELISA (Osteomark NTX Serum; Ostex International, Inc., Seattle,
WA, USA) (Reference value: 10.7–24.0 nmol BCE/l, coefficients of variation: 2.8%). Serum intact
parathyroid hormone (Pth) concentration was determined by immunoradiometric assay (Nichols
Institute Diagnostics, San Clemente, CA, USA) (coefficients of variation: 1.5%).
As previously described (Nakamura et al., 2008), BMD of the lumbar spine (L2 to L4)
measurement by a dual-energy X-ray absorptiometry method was performed by a medical radiology
technician. The coefficients of variation of the BMD values were 0.2%. BMD was expressed as a
percentage of the young adult (20 to 44 years old) mean (YAM). Thus, low BMD in a female was
defined as having BMD < 80% YAM.

2.3. Periodontal examination
All participants were evaluated clinically by two dentists to assess periodontal condition as described
in a previous report (Iwasaki, Nakamura, Yoshihara, & Miyazaki, 2012). A calibration exercise for
periodontal measurements has been carried out and the inter-observer agreement was assessed. The
values of CAL with their difference ≤1 mm were considered to be in agreement. The coefficient was
0.76 (Kendall’s coefficient of agreement: 2 = 95.2, p <0.01) and the kappa value was 0.199 (p =
0.007). Probing pocket depth (PPD), clinical attachment level (CAL) and bleeding on probing (BOP)
were measured at the mesiobuccal and mid-buccal sites for each remaining tooth, including third
molars. The mean PPD, mean CAL, and the BOP percentage were calculated for each female. Severe
periodontitis was defined according to the modified criteria referred to by the Centres for Disease
Control and Prevention—American Academy of Periodontology (CDC-AAP) case definition
established in 2012 (Eke, Page, Wei, Thornton-Evans, & Genco, 2012). A female with only one
remaining tooth was excluded from the study, because the definition of severe periodontitis in the
above classification required at least two remaining teeth. Although the original definition performs
six-site examinations per tooth and uses only interproximal measurements, we had only one
interproximal measurement on mesiobuccal site per tooth. Specifically, definition of periodontitis
according to CDC-AAP: 1) no periodontitis was defined as having no evidence of mild, moderate,
or severe periodontitis; 2) mild periodontitis was defined as having at least two sites with CAL ≥3
mm, and ≥2 interproximal sites with PPD ≥4 mm (not on same tooth) or one site with PPD ≥5 mm; 3)
moderate periodontitis was defined as having ≥2 interproximal sites with CAL ≥4 mm (not on same
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tooth), or ≥2 interproximal sites with PPD ≥5 mm (not on same tooth); 4) severe periodontitis was
defined as having at least two sites with CAL ≥6 mm (not on the same tooth) and having at least one
site with PPD ≥5 mm (Eke et al., 2012).

2.4. Genotyping of the MAEA polymorphism
Genomic DNA was extracted from EDTA-treated peripheral blood. Genotyping for MAEA
rs6815464 was performed with the TaqMan® SNP genotyping assays (Assay ID: C_29044379_10,
Applied Biosystems, Thermo Fisher Scientific, Waltham, MA, USA). The genotyping was done
blind to clinical diagnosis. The data from the genotyping assay were analysed with the Sequence
Detection System v.2.4 software (Sequence Detection System v.2.4 software. Applied Biosystems,
Thermo Fisher Scientific, Waltham, MA, USA) and the quality value was set at >99%. The success
rate of genotyping call was 99.7%.

2.5. Statistical analysis
The significance was set to a p-value of <0.05. Age, menopausal age, BMI, BMD, periodontal
parameters and bone metabolic markers were compared between the MAEA genotypes with the
Kruskal-Wallis test, and between the G-allele carrier group and non-carrier group with the Mann
Whitney U-tests. For the analyses in contingency tables, exact tests or chi-square tests were
performed. To assess the association between severe periodontitis as an outcome and risk factors
including the G allele carriage of MAEA polymorphism, multiple logistic regression analysis was
performed. General linear regression models were used to evaluate whether the MAEA
polymorphism induced any changes in the relationship between mean CAL and BMD or HbA1c. The
statistics software SPSS ver. 22.0 was used for all analyses (IBM Japan, Tokyo, Japan).

3. Results
The distribution of MAEA genotypes in females without severe periodontitis was in Hardy-Weinberg
equilibrium (p >0.05). Since the number of GG homozygotes was limited, participants were divided
into groups of the G-allele carriers and non-carriers and compared.
Table 1 shows the characteristics of participants by periodontitis status. The distribution of
participants’ periodontitis status was as follows: 1) no periodontitis, 131 individuals (38.1%); 2) mild
periodontitis, 11 individuals (3.2%); 3) moderate periodontitis, 161 individuals (46.8%) and 4)
severe periodontitis, 41 individuals (11.9%). There was no significant difference with age or
menopausal age between the females with severe periodontitis and the other females.
As shown in Table 2, we compared characteristics of study participants with the MAEA
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genotypes or in the G-allele carrier and non-carrier groups. The prevalence of obesity, diabetes and
low BMD were 32%, 2% and 37%, respectively. There was no significant difference in age,
menopausal age, number of smokers, hsCRP levels, BMI, HbA1c, BMD, osteocalcin, NTx, and Pth
levels among MAEA genotypes nor between the G-allele carrier and non-carrier groups.
Table 3 shows the comparisons of periodontal parameters between MAEA genotypes or the
G-allele carrier and non-carrier groups. There was no significant difference in the number of teeth,
number of females with severe periodontitis and BOP amongst MAEA genotypes. Mean CAL, the
percentage of CAL ≥5mm sites and the percentage of PPD ≥5mm sites were significantly higher in
the G-allele carrier group than in the non-carrier group (Mann-Whitney U test, mean CAL: p = 0.031,
the percentage of CAL ≥5mm sites: p = 0.039, the percentage of PPD ≥5mm sites: p = 0.022).
Multiple logistic regression models for severe periodontitis as the outcome were shown in
Table 4. Age, menopausal age, smoking, HbA1c ≥6.5%, and BMD <80%YAM were entered as
independent variables and had no significant association with severe periodontitis. The G-allele
carriage was significantly associated with severe periodontitis (adjusted odds ratio = 3.68; 95%
confidence interval = 1.35-10.05).
Table 5 shows general linear models to evaluate the effects of MAEA gene polymorphism on
the association between mean CAL as an independent valuable and BMD or HbA1c as a dependent
valuable. There was no significant association between mean CAL and BMD, or between mean CAL
and HbA1c, after adjustment for the confounding factors in both G-allele carrier and non-carrier
groups.

4. Discussion
This is the first study that investigated the possible role of MAEA in human diseases other than
diabetes. Our results showed that severe periodontitis was significantly associated with the G-allele
carriage after adjustment for covariates. Our results suggested G allele to be associated with
periodontitis which was the opposite allele from the one previously reported as the risk for diabetes
(Imamura et al., 2012). The association between the MAEA polymorphism and severe periodontitis in
this study did not depend on the existence of diabetes or osteoporosis as a linkage. In previous
studies, the authors did not discuss possible mechanisms of association between diabetes and the
MAEA polymorphism specifically (Cho et al., 2012; Imamura et al., 2012). MAEA is important for
the development of mature macrophages (Soni et al., 2007). During the response against periodontal
pathogens, macrophages produce an array of cytokines, chemokines, and growth factors, which
contribute to the resolution of inflammation, the activation of adaptive immunity and the mediation
of alveolar bone resorption and apposition (Sima & Glogauer, 2013). The function of MAEA is well
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studied in erythroblast enucleation, maturation and correlate with erythroblastic island. however, the
MAEA-mediated pathway that regulates macrophage function remains to be elucidated, which might
help to understand the mechanism of tissue destruction in inflammatory diseases such as periodontal
diseases.
Mean CAL, the percentage of CAL ≥5mm sites and the percentage of PPD ≥5mm sites in
females with the G allele were significantly higher than those in females without the G allele. It
seems to be consistent with the results demonstrated for the logistic regression analysis, though after
Bonferroni correction (α=0.05/10=0.005), differences shown in the univariate analyses would not be
considered significant. In this study, the percentages of CAL ≥6mm and PPD ≥6mm sites showed no
significant difference between the genotypes, probably because of the narrow range close to the
lower limit of the possible value.
Although we tried to evaluate the possible effects of the MAEA polymorphism to modify the
relationships between mean CAL and HbA1c or BMD, no association was found between them in
both G allele carries and non-carriers. The results might be caused by relatively high BMD and and
low HbA1c in the females participated in this study. Because bone structure is reduced and altered
due to oestrogen deficiency, osteoporosis as a result of menopause in females is evident (Davis et al.,
2015). However, the number of females with osteoporosis was relatively small in this study
compared to other studies (Oka et al., 2018). Additionally, the number of females with high HbA1c
was also small (Oka et al., 2018). The limited numbers of patients with diabetes and osteoporosis
may account for the negative results in our study.
An advantage of this study was the relatively homogeneous genetic background of the
participants, because only Japanese females were included. Sample homogeneity is relevant because
race and sex are known to affect the development of periodontal diseases (Eke et al., 2015). We
included participants from 55 to 75 years old, because older age is another contributor factor to
periodontal diseases (Eke et al., 2016). Furthermore, we controlled for known confounding factors in
the statistical analyses.
The present study has some limitations. The number of females with severe periodontitis was
small (n = 41). Therefore, subgroup of G allele carriers (severe periodontitis, n = 29) and G allele
non-carriers (severe periodontitis, n = 12) was even limited. Additionally, we could not perform
periodontal examinations at six sites per tooth (Eke, Thornton-Evans, Wei, Borgnakke, & Dye, 2010).
Only one site from each interproximal site per tooth was examined with the assuming these
measurements represent full–mouth measurements (Borrell & Talih, 2012). Therefore, the prevalence
of severe periodontal disease could have been underestimated in this study. On the other hand,
because there is no other information about the socio-economic status such as income and education
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of the participants and oral health such as plaque scores, history of dental treatment etc, resulting in
that other important potential confounding factors cannot be included in the analysis and a complete
assessment of periodontal disease and other diseases cannot be performed.
According to our cross-sectional study in postmenopausal Japanese women, MAEA gene
polymorphism rs6815464 was suggested to be associated with severe periodontitis. The association
was not depending on the co-existence of diabetes or osteoporosis. The MAEA polymorphism did not
show significant effects on the relations between periodontal parameters and BMD or HbA1c. This is
the first study to evaluate a role of MAEA in human diseases other than diabetes. Further studies are
required with larger and diverse populations, complete information of periodontitis, various
polymorphisms of the MAEA gene to conﬁrm and extend these observations.

Acknowledgments
This work was supported by Grants-in-Aid for Scientific Research (24593121, 15K11384) from the
Japan Society for the Promotion of Science (JSPS), Tokyo, Japan. Yulan Che is a recipient of a
scholarship from Otsuka Toshimi Scholarship Foundation (Osaka, Japan).

Conflict of interest
The authors report no conflicts of interest.

Author contributions
Yulan Che contributed to the conception of the study and wrote the manuscript. Noriko Sugita
directed genotyping of MAEA and performed statistical analyses and advised preparation of the
manuscript. Akihiro Yoshihara, Masanori Iwasaki and Hideo Miyazaki conducted and performed
collections of medical and periodontal data and peripheral blood and serum samples, and additionally,
advised statistical analyses. Kazutoshi Nakamura planned and managed recruitment of participants
and supervised medical aspects of the study. Hiromasa Yoshie gave scientific advices on the study
design. All authors discussed the results and contributed to the final manuscript.

10

References

Barksby, H. E., Nile, C. J., Jaedicke, K. M., Taylor, J. J., & Preshaw, P. M. (2009). Differential
expression of immunoregulatory genes in monocytes in response to Porphyromonas gingivalis
and Escherichia coli lipopolysaccharide. Clinical and Experimental Immunology, 156, 479-487.
https://doi.org/10.1111/j.1365-2249.2009.03920.x.
Borrell, L. N., & Talih, M. (2012). Examining periodontal disease disparities among U.S. adults 20
years of age and older: NHANES III (1988-1994) and NHANES (1999-2004). Public Health
Reports, 127, 497-506. https://doi.org/10.1177/003335491212700505.
Chavarry, N. G. M., Vettore, M. V., Sansone, C., & Sheiham, A. (2009). The relationship between
diabetes mellitus and destructive periodontal disease: A meta-analysis. Oral Health &
Preventive Dentistry, 7, 107-127.
Cho, Y. S., Chen, C. H., Hu, C., Long, J., Ong, R. T., Sim, X., et al. (2012). Meta-analysis of
genome-wide association studies identifies eight new loci for type 2 diabetes in East Asians.
Nature Genetics, 44, 67-72. https://doi.org/10.1038/ng.1019.
Collin, H. L., Uusitupa, M., Niskanen, L., Kontturi-Narhi, V., Markkanen, H., Koivisto, A. M., et al.
(1998). Periodontal findings in elderly patients with non-insulin dependent diabetes mellitus.
Journal of Periodontology, 69, 962-966. https://doi.org/10.1902/jop.1998.69.9.962.
Davis, S. R., Lambrinoudaki, I., Lumsden, M., Mishra, G. D., Pal, L., Rees, M., et al. (2015).
Menopause. Nature Reviews Disease Primers, 1, 15004. https://doi.org/10.1038/nrdp.2015.4.
de Castilhos, E. D., Horta, B. L., Gigante, D. P., Demarco, F. F., Peres, K. G., & Peres, M. A. (2012).
Association between obesity and periodontal disease in young adults: a population-based birth
cohort. Journal of Clinical Periodontology, 39, 717-724. https://doi.org/10.1111/j.1600051X.2012.01906.x.
Eke, P. I., Dye, B. A., Wei, L., Slade, G. D., Thornton-Evans, G. O., Borgnakke, W. S., et al. (2015).
Update on prevalence of periodontitis in adults in the United States: NHANES 2009 to 2012.
Journal of Periodontology, 86, 611-622. https://doi.org/10.1902/jop.2015.140520.
Eke, P. I., Page, R. C., Wei, L., Thornton-Evans, G., & Genco, R. J. (2012). Update of the case
definitions for population-based surveillance of periodontitis. Journal of Periodontology, 83,
1449-1454. https://doi.org/10.1902/jop.2012.110664.
Eke, P. I., Thornton-Evans, G. O., Wei, L., Borgnakke, W. S., & Dye, B. A. (2010). Accuracy of
NHANES periodontal examination protocols. Journal of Dental Research, 89, 1208-1213.
https://doi.org/10.1177/0022034510377793.
Eke, P. I., Wei, L., Borgnakke, W. S., Thornton-Evans, G., Zhang, X., Lu, H., et al. (2016).
11

Periodontitis prevalence in adults >/= 65 years of age, in the USA. Periodontology 2000, 72, 7695. https://doi.org/10.1111/prd.12145.
Expert Panel on the Identification, Evaluation, and Treatment of Overweight in Adults. (1998).
Clinical guidelines on the identification, evaluation, and treatment of overweight and obesity in
adults: executive summary. The American Journal of Clinical Nutrition, 68, 899-917.
https://doi.org/10.1093/ajcn/68.4.899.
Fadok, V. A., Bratton, D. L., Konowal, A., Freed, P. W., Westcott, J. Y., & Henson, P. M. (1998).
Macrophages that have ingested apoptotic cells in vitro inhibit proinflammatory cytokine
production through autocrine/paracrine mechanisms involving TGF-beta, PGE2, and PAF.
Journal of Clinical Investigation, 101, 890-898. https://doi.org/Doi 10.1172/Jci1112.
Famili, P., Cauley, J., Suzuki, J. B., & Weyant, R. (2005). Longitudinal study of periodontal disease
and edentulism with rates of bone loss in older women. Journal of Periodontology, 76, 11-15.
https://doi.org/10.1902/jop.2005.76.1.11.
Gentek, R., Molawi, K., & Sieweke, M. H. (2014). Tissue macrophage identity and self-renewal.
Immunological Reviews, 262, 56-73. https://doi.org/10.1111/imr.12224.
Gomes-Filho, I. S., Passos Jde, S., Cruz, S. S., Vianna, M. I., Cerqueira Ede, M., Oliveira, D. C., et
al. (2007). The association between postmenopausal osteoporosis and periodontal disease.
Journal of Periodontology, 78, 1731-1740. https://doi.org/10.1902/jop.2007.070057.
Gordon, S. (2007). The macrophage: past, present and future. European Journal of Immunology, 37
Suppl 1, S9-17. https://doi.org/10.1002/eji.200737638.
Hajishengallis G. (2015). Periodontitis: from microbial immune subversion to systemic inflammation.
Nature Reviews Immunology, 15, 30-44. https://doi.org/10.1038/nri3785.
Hanai, Y., Sugita, N., Wang, Y., Yoshihara, A., Iwasaki, M., Miyazaki, H., et al. (2015).
Relationships between IL-6 gene polymorphism, low BMD and periodontitis in postmenopausal
women.

Archives

of

Oral

Biology,

60,

533-539.

https://doi.org/10.1016/j.archoralbio.2014.12.005.
Hanspal, M., & Hanspal, J. S. (1994). The association of erythroblasts with macrophages promotes
erythroid proliferation and maturation - a 30-kd heparin-binding protein is involved in this
contact. Blood, 84, 3494-3504.
Hanspal, M., Smockova, Y., & Uong, Q. (1998). Molecular identification and functional
characterization of a novel protein that mediates the attachment of erythroblasts to macrophages.
Blood, 92, 2940-2950.
Henschel, M., & Keenan, A. V. (2015). Insufficient evidence of effect of periodontal treatment on
prevention or management of cardiovascular disease. Evidence Based Dentistry, 16, 17-18.
12

https://doi.org/10.1038/sj.ebd.6401079.
Imamura, M., Maeda, S., Yamauchi, T., Hara, K., Yasuda, K., Morizono, T., et al. (2012). A singlenucleotide polymorphism in ANK1 is associated with susceptibility to type 2 diabetes in
Japanese

populations.

Human

Molecular

Genetics,

21,

3042-3049.

https://doi.org/10.1093/hmg/dds113.
International Expert Committee. (2009). International Expert Committee report on the role of the
A1C

assay

in

the

diagnosis

of

diabetes.

Diabetes

Care,

32,

1327-1334.

https://doi.org/10.2337/dc09-9033.
Iwasaki, M., Nakamura, K., Yoshihara, A., & Miyazaki, H. (2012). Change in bone mineral density
and tooth loss in Japanese community-dwelling postmenopausal women: a 5-year cohort study.
Journal of Bone and Mineral Metabolism, 30, 447-453. https://doi.org/10.1007/s00774-0110337-x.
Iwasaki, M., Taylor, G. W., Nakamura, K., Yoshihara, A., & Miyazaki, H. (2013). Association
between low bone mineral density and clinical attachment loss in Japanese postmenopausal
females. Journal of Periodontology, 84, 1708-1716. https://doi.org/10.1902/jop.2013.120613.
Javan, G. T., Can, I., Yeboah, F., Lee, Y., & Soni, S. (2016). Novel interactions between erythroblast
macrophage protein and cell migration. Blood Cells, Molecules & Diseases, 60, 24-27.
https://doi.org/10.1016/j.bcmd.2016.06.004.
Keller, A., Rohde, J. F., Raymond, K. & Heitmann, B. L. (2015). Association between periodontal
disease and overweight and obesity: a systematic review. Journal of Periodontology, 86, 766776. https://doi.org/10.1902/jop.2015.140589.
Mealey, B. L., & Oates, T. W. (2006). Diabetes mellitus and periodontal diseases. Journal of
Periodontology, 77, 1289-1303. https://doi.org/10.1902/jop.2006.050459.
Nakamura, K., Tsugawa, N., Saito, T., Ishikawa, M., Tsuchiya, Y., Hyodo, K., et al. (2008) Vitamin
D status, bone mass, and bone metabolism in home-dwelling postmenopausal Japanese women:
Yokogoshi Study. Bone 42, 271-277. https://doi.org/10.1016/j.bone.2007.09.056.
Nordendahl, E., Gustafsson, A., Norhammar, A., Nasman, P., Ryden, L., Kjellstrom, B., et al. (2018).
Severe periodontitis is associated with myocardial infarction in females. Journal of Dental
Research, 22034518765735. https://doi.org/10.1177/0022034518765735.
Ogawa, H., Yoshihara, A., Hirotomi, T., Ando, Y., & Miyazaki, H. (2002). Risk factors for
periodontal disease progression among elderly people. Journal of Clinical Periodontology, 29,
592-597. https://doi.org/DOI 10.1034/j.1600-051X.2002.290702.x.
Oka, R., Ohira, M., Suzuki, S., Yoshida, T., Koide, H., Tanaka, T., et al.. (2018). Fracture risk
assessment tool (FRAX) and for the diagnosis of osteoporosis in Japanese middle-aged and
13

elderly

women:

Chiba

bone

survey.

Endocrine

Journal,

65,

193-202.

https://doi.org/10.1507/endocrj.EJ17-0331.
Phipps, K. R., Chan, B. K., Madden, T. E., Geurs, N. C., Reddy, M. S., Lewis, C. E., et al. (2007).
Longitudinal study of bone density and periodontal disease in men. Journal of Dental Research,
86, 1110-1114. https://doi.org/10.1177/154405910708601117.
Seino, Y., Nanjo, K., Tajima, N., Kadowaki, T., Kashiwagi, A., Araki, E., et al. (2010). Committee
of the Japan Diabetes Society on the Diagnostic Criteria of Diabetes, Mellitus. Report of the
committee on the classification and diagnostic criteria of diabetes mellitus. Journal of Diabetes
Investigation, 1, 212-228. https://doi.org/10.1111/j.2040-1124.2010.00074.x.
Sima, C., & Glogauer, M. (2013). Macrophage subsets and osteoimmunology: tuning of the
immunological recognition and effector systems that maintain alveolar bone. Periodontology
2000, 63, 80-101. https://doi.org/10.1111/prd.12032.
Soni, S., Bala, S., Gwynn, B., Sahr, K. E., Peters, L. L., & Hanspal, M. (2006). Absence of
erythroblast macrophage protein (Emp) leads to failure of erythroblast nuclear extrusion. The
Journal of Biological Chemistry, 281, 20181-20189. https://doi.org/10.1074/jbc.M603226200.
Soni, S., Bala, S., Kumar, A., & Hanspal, M. (2007). Changing pattern of the subcellular distribution
of erythroblast macrophage protein (Emp) during macrophage differentiation. Blood Cells,
Molecules & Diseases, 38, 25-31. https://doi.org/10.1016/j.bcmd.2006.09.005.
Suzuki, A., Ji, G., Numabe, Y., Ishii, K., Muramatsu, M., & Kamoi, K. (2004). Large-scale
investigation of genomic markers for severe periodontitis. Odontology, 92, 43-47.
https://doi.org/10.1007/s10266-004-0035-4.
Thorbert-Mros, S., Larsson, L., & Berglundh, T. (2015). Cellular composition of long-standing
gingivitis and periodontitis lesions. Journal of Periodontal Research, 50, 535-543.
https://doi.org/10.1111/jre.12236.
Wang, Y., Sugita, N., Yoshihara, A., Iwasaki, M., Miyazaki, H., Nakamura, K., et al. (2013)
Peroxisome proliferator-activated receptor (PPAR). gamma polymorphism, vitamin D, bone
mineral density and periodontitis in postmenopausal women. Oral Diseases, 19, 501-506.
https://doi.org/10.1111/odi.12032.
Yoshihara, A., Seida, Y., Hanada, N., & Miyazaki, H. (2004). A longitudinal study of the
relationship between periodontal disease and bone mineral density in community-dwelling older
adults. Journal of Clinical Periodontology, 31, 680-684. https://doi.org/10.1111/j.1600051X.2004.00548.x.
Yoshihara, A., Sugita, N., Iwasaki, M., Wang, Y., Miyazaki, H., Yoshie, H., et al. (2015). The
interaction between beta-3 adrenergic receptor and peroxisome proliferator-activated receptor
14

gamma gene polymorphism to periodontal disease in community-dwelling elderly Japanese.
Journal of Periodontology, 86, 955-963. https://doi.org/10.1902/jop.2015.140472.

15

Figure captions

In 2005, 1310 females were invited to participated in the study

674 postmenopausal females agreed to participate
7 females who had undergone corticosteroid therapy
13 females with a history of bilateral oophorectomy
54 females received drugs to prevent osteoporosis
600 postmenopausal females were enrolled

407 attended the examinations conducted in 2010
3 edentulous females were excluded
1 only one remaining tooth was excluded
Genomic DNA samples from 44 females were insufficient in
quantity or quality for the genotyping
1 genotyping was attempted did not successful
14 Incomplete data for excluded
344 females comprised the final sample

Figure 1. Flow diagram of the study.
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Table 1. Selected characteristics by periodontal disease severity
No

Mild+Moderate

No+Mild+Moderate

Severe

periodontitis

periodontitis

periodontitis

periodontitis

(n = 131)

(n =172)

(n = 303)

(n = 41)

Age

62.7±5.2

64.4±5.3

63.6±5.3

63.6±5.5

Menopausal age

49.6±4.1

20.2±4.0

49.9±4.0

50.3±3.8

Mean CAL (mm)

2.20±0.30

2.81±0.43

2.55±0.48

3.85±1.01

Percentage of CAL ≥4mm sites

3.2±5.5

20.8±12.6

13.2±13.4

47.9±23.9

Percentage of CAL ≥5mm sites

0.6±1.7

6.8±7.7

4.1±6.6

27.2±18.1

Percentage of CAL ≥6mm sites

0.03±0.31

2.2±3.9

1.3±3.1

19.0±13.8

Mean PPD (mm)

1.99±0.23

2.4±0.4

2.25±0.41

3.29±0.81

Percentage of PPD ≥4mm sites

1.5±2.8

12.5±10.6

7.7±9.8

34.8±20.0

Percentage of PPD ≥5mm sites

0.1±0.9

3.9±5.3

2.2±4.4

20.4±16.4

Percentage of PPD ≥6mm sites

0.0±0.3

1.2±2.5

0.7±1.9

13.4±11.6

Bleeding on probing (%)

7.0±5.9

11.0±9.5

9.3±8.4

20.4±14.5

Variables

CAL, Clinical attachment loss; PPD, Probing pocket depth.
No periodontitis was defined as having no evidence of mild, moderate, or severe periodontitis; mild periodontitis was defined as
having at least two sites with CAL ≥3 mm, and ≥2 interproximal sites with PPD ≥4 mm (not on same tooth) or one site with PPD ≥5
mm; moderate periodontitis was defined as having ≥2 interproximal sites with CAL ≥4 mm (not on same tooth), or ≥2 interproximal
sites with PPD ≥5 mm (not on same tooth); severe periodontitis was defined as having at least two sites with CAL ≥6 mm (not on the
same tooth) and having at least one site with PPD ≥5 mm.
Values represent the mean ± SD.
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Table 2. Characteristics of MAEA genotypes
G allele

G allele non-

carriers

carriers

(n=199)

(n=145)

0.230

63.6±5.2

63.7±5.5

0.940

48.9±3.9

0.057

49.7±4.2

50.3±3.7

0.207

11 (7)

2 (5)

0.817

13 (7)

7 (5)

0.640

0.87±2.26

0.98±3.05

0.44±0.55

0.141

0.87±2.74

0.87±2.26

0.750

22.7±3.8

22.9±3.37

22.7±3.54

0.517

22.8±3.40

22.7±3.84

0.316

43 (30)

53 (33)

14 (35)

0.715

68 (34)

43 (30)

0.483

5.11±0.44

5.16±0.59

5.02±0.37

0.481

5.13±0.56

5.11±0.44

0.819

3 (2)

5 (3)

0 (0)

0.681

5 (3)

3 (2)

1.000

0.86±0.13

0.86±0.14

0.82±0.17

0.312

0.85±0.14

0.86±0.13

0.648

55 (38)

54(34)

19 (48)

0.278

73 (37)

55 (38)

0.822

Osteocalcin (ng/ml)

7.75±2.52

7.65±2.72

7.80±1.84

0.578

7.68±2.56

7.75±2.52

0.759

NTx (nmol BCE/l)

18.6±5.5

18.9±5.4

19.9±6.9

0.695

19.1±5.7

18.6±5.5

0.441

Pth (pmol/l)

3.8±1.4

4.1±1.7

3.8±1.6

0.178

4.0±1.7

3.8±1.4

0.397

CC

CG

GG

P

(n=145)

(n=159)

(n=40)

Value

Age (years)

63.7±5.5

63.3±5.0

65.1±5.8

Menopausal age (years)

50.3±3.7

49.9±4.3

Number of smokers (%)

7 (5)

hsCRP (mg/l)
BMI (kg/m2)

Variables

2

Number of BMI ≥25kg/m (%)
HbA1c (%)
Number of HbA1c ≥6.5% (%)
2

BMD (g/cm )
Number of low BMD

P Value

BMD, bone mineral density; BMI, body mass index; HbA1c, haemoglobin A1c; hsCRP, high sensitivity C-reactive protein; NTx,
serum type I collagen crosslinked N-telopeptides; Pth, serum intact parathyroid hormone.
BMD was measured at the lumbar spine (L2 to L4).
Low BMD was defined as BMD <80%YAM (%).
Values represent the number of women or mean ± SD.
The Kruskal-Wallis tests were performed between MAEA genotypes. The Mann-Whitney U tests were performed comparing the G
allele carriers and non-carriers. Chi-square tests for 2X3, exact tests for 2X2 contingency tables were performed.
* P Value <, = 0.05.
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Table 3. Periodontal parameters in MAEA genotypes
G allele

G allele non-

carriers

carriers

(n=199)

(n=145)

0.472

22.5±5.6

23.0±5.5

0.313

4(10)

0.125

29 (15)

12 (8)

0.092

2.76±0.75

2.76±0.61

0.084

2.76±0.72

2.63±0.69

0.031*

15.5±17.8

18.6±19.7

19.1±18.0

0.276

18.7±19.3

15.5±17.8

0.137

5.9±11.9

7.6±11.3

7.5±10.9

0.109

7.6±11.2

5.9±11.9

0.039*

3.1±8.9

3.7±7.7

3.0±5.8

0.285

3.5±7.3

3.1±8.9

0.115

Mean PPD (mm)

2.35±0.63

2.38±0.56

2.45±0.50

0.098

2.39±0.55

2.35±0.63

0.070

Percentage of PPD ≥4mm sites

10.4±15.6

11.2±13.5

12.3±14.2

0.222

11.4±13.6

10.4±15.6

0.099

Percentage of PPD ≥5mm sites

4.0±10.6

4.7±8.1

4.5±7.1

0.072

4.7±7.9

4.0±10.6

0.022*

Percentage of PPD ≥6mm sites

2.2±7.1

2.3±5.4

1.6±3.5

0.415

2.2±5.0

2.2±7.1

0.214

10.3±10.1

10.8±10.1

10.7±9.3

0.854

10.8±9.9

10.3±10.1

0.582

CC

CG

GG

P

(n=145)

(n=159)

(n=40)

Value

23.0±5.5

22.6±5.7

22.1±5.4

12 (8)

25 (16)

Mean CAL (mm)

2.63±0.69

Percentage of CAL ≥4mm sites
Percentage of CAL ≥5mm sites
Percentage of CAL ≥6mm sites

Variables

Number of teeth
Severe periodontitis (+) (%)

Bleeding on probing (%)

P Value

CAL, Clinical attachment loss; PPD, Probing pocket depth;
Severe periodontitis was defined as having at least two sites with CAL ≥6 mm (not on the same tooth) and having at least one site with
PPD ≥5 mm.
Values represent the number of women or mean ± SD.
The Kruskal-Wallis tests were performed between MAEA genotypes.
The Mann-Whitney U tests were performed comparing the G allele carriers and non-carriers. Chi-square tests for 2X3, exact tests for
2X2 contingency tables were performed.
* P Value <, = 0.05.
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Table 4. Multiple logistic regression analyses for severe periodontitis as the outcome
Variables
Model 1

Model 2

Adjusted
Odds Ratio

95% CI

Age

0.99

0.92-1.07

Menopausal age

1.00

0.90-1.10

Smoking (+)

1.50

0.40-5.67

HbA1c ≥ 6.5 %

1.56

0.17-13.77

Low BMD

0.88

0.37-2.13

BMI ≥ 25

0.69

0.27-1.76

G allele carriage

3.73

1.36-10.19

Age

0.99

0.91-1.07

Menopausal age

1.01

0.91-1.11

Smoking (+)

1.50

0.39-5.83

HbA1c ≥ 6.5 %

1.56

0.17-14.56

Low BMD

0.86

0.35-2.12

BMI ≥ 25

0.66

0.25-1.71

BMD, bone mineral density; HbA1c, haemoglobin A1c, BMI, body mass index.
BMD was measured at the lumbar spine (L2 to L4).
Low BMD was defined as BMD <80%YAM (%).
Severe periodontitis was defined as having at least two sites with CAL ≥6 mm (not on the same tooth) and having at least one site with
PPD ≥5 mm. * P Value <,  = 0.05.
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Table 5. General linear regression models between BMD or HbA1c and mean CAL in different MAEA genotypes
G allele-carriers (n=199)
Outcome
BMD

G allele non-carriers (n=145)

B

95%95% CI

P Value

B

95% CI

P Value

-0.302

-0.01-0.00

0.000*

-0.284

-0.01-0.00

0.005*

0.209

0.03-0.18

0.007*

-0.019

-0.10-0.09

0.843

HbA1c

0.014

-0.03-0.04

0.857

-0.033

-0.06-0.04

0.723

Mean CAL

0.091

-0.01-0.05

0.233

-0.019

-0.04-0.04

0.848

Age

-0.029

-0.02-0.02

0.718

-0.059

-0.02-0.11

0.562

0.030

-0.28-0.41

0.718

0.037

-0.28-0.42

0.703

BMI

0.183

0.00-0.06

0.025*

0.197

0.00-0.05

0.046*

Mean CAL

-0.083

-0.19-0.06

0.306

0.093

-0.08-0.21

0.351

Age
Smoking

(versus

never smoker)

HbA1c

Smoking

(versus

never smoker)

BMD, bone mineral density; BMI, body mass index; CAL, Clinical attachment loss; HbA1c, haemoglobin A1c.
BMD was measured at the lumbar spine (L2 to L4).
* P Value<,  = 0.05.
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