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Purpose: Osteoporosis is a degenerative disease that affects women and men of all races. We studied the association between body
mass index (BMI), rs2908004 polymorphism of the WNT16 gene, and osteoporosis using data from Taiwan Biobank (TWB).
Patients and Methods: We analyzed data from 10,942 subjects aged 30 to 70. We defined osteoporosis based on a mean T-score of —2.5
and below in the hip. Body mass index was classified following the guidelines of the Health Promotion Administration. Imputation was
carried out using the IMPUTE2 (v2.3.1) program. Multiple logistic regression was used for analysis. The odds ratios (ORs) and 95%
confidence interval (CI) for osteoporosis were determined.

Results: In the multivariate regression model, variant rs2908004 had a significant association with osteoporosis. That is, the
1s2908004-GA+AA genotype was associated with lower osteoporosis risk than the GG genotype (OR, 0.651; 95% CI = 0.544 to
0.780). Compared to normal-weight, underweight was significantly associated with a higher risk of osteoporosis (OR, 6.517; 95% CI =
4.624 to 9.186) while overweight and obesity were protective (OR, 0.176; 95% CI = 0.140 to 0.221 and 0.057; 95% CI = 0.039 to
0.083, respectively). There was an interaction between rs2908004 and BMI (p = 0.0148). Subgroup analyses (using rs2908004-GG
/normal-weight as the reference group) indicated ORs of 7.66 (95% CI = 5.153 to 11.394) in the rs2908004-GG/underweight group
and 3.002 (95% CI = 1.509 to 5.974) in the rs2908004-GA+AA/underweight group (95% CI = 1.509 to 5.974). Odds ratios were
substantially lower in rs2908004-GG/obese, rs2908004-GG/overweight, GA+AA/normal-weight, rs2908004-GA+AA/overweight, and
1s2908004-GA+AA/obese groups, respectively.

Conclusion: According to our study, underweight was associated with an increased risk of osteoporosis irrespective of WNT16
rs2908004 genotypes, while overweight and obesity were associated with a lower risk.
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Introduction
Osteoporosis is a degenerative bone disease that affects men and women of all races. It is more prevalent among older
individuals, especially post-menopausal women. The disease may also be classified as primary (postmenopausal or senile
osteoporosis) or secondary (a result of other disorders, including chronic exposure to glucocorticoids).'* Taiwan, as well as
other parts of Asia, has seen a rapid increase in osteoporosis due to aging populations.> By 2011, 25.0% of Taiwanese had
osteoporosis, an increase from 17.4% in 2001.* In 2050, there may be 212 million people with the disease,” and Asia is
expected to account for approximately 51.1% of all hip fractures worldwide.® Lifestyle choices (diet, inactivity, heavy
alcohol intake, cigarette smoking, etc.) and genetic factors are among the factors linked to the development of the disease.’
Genetic loci have been reported for bone traits, especially bone mineral density (BMD), which serves as a useful
indicator of bone fragility or osteoporosis.®® Ethnicity is well-known as a factor affecting bone mass. According to the
findings of Hwang and his team, BMD values are lower in Asians than in other ethnicities despite adjustments for BMI.?
Unlike other ethnicities, Asians have a lower BMI.'® Low BMI is associated with osteoporotic fractures, while high BMI
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is believed to enhance BMD.'' BMD and BMI have strong genetic influences, with heritability ranging from 0.5 to 0.9
and 0.4 to 0.7, respectively.'* !¢

Several loci have been examined for their effect on BMD and osteoporosis, as noted above. Numerous osteoporosis-
related phenotypes and fracture risk are influenced by the Wnt Family Member 16 (WNT16), a protein-coding gene that
mediates signaling via canonical (known to regulate bone mass) or non-canonical Wat pathways.’ This gene is located on
chromosome 7q31.31 and is considered to play an important role in determining peak bone mass acquisition.'’
Researchers have found that WNT16 has a strong influence on BMD, cortical bone thickness (CBT), fracture risk, and
bone strength in humans and mice.” Moreover, it has been suggested as a potential therapeutic target for osteoarthritis in
a preclinical study.'® Rs2908004 is one of the variants within the WNTI6 gene that has shown strong associations with

1920 and osteoporotic fractures.”?! Researchers previously examined the influence of the WNT16 gene

BMD phenotypes
on bone strength measured with ultrasonography and found that the variant rs2908004 was associated with broadband
ultrasound attenuation (BUA) measurements in young Spanish individuals.'” Another study in postmenopausal women
has shown that rs2908004 may play a crucial role in osteoporosis pathogenesis, making it an ideal target for future
investigations into the genetic basis of fracture risk.”> However, this SNP was associated with decreased risk of
osteoarthritis in women below 60 whose BMI were greater than or equal to 25.%

According to other findings,** the relationship between WNT16 polymorphisms and osteoporosis risk was determined
to be dependent on BMI. Until now, the loci involved in osteoporosis have rarely been evaluated in Taiwan. Thus, we
used data from TWB to investigate the association between variant rs2908004, BMI, and osteoporosis risk among

Taiwanese adults.

Materials and Methods

Data Resource and Study Population

Taiwan Biobank provided phenotypic and genetic data for this study. The data collection period was between 2016 and
2020. Subjects were between the ages of 30 and 70 and had no history of cancer. During enrollment, all subjects
provided written consent. Data from 19,627 subjects were assessed in the current study. Those with osteopenia (ie, total
hip T-scores between —1 and —2.5; n = 8680) and those with missing values (n = 5) were excluded from the analysis.
Finally, a total of 10,942 subjects were included in the study. This research has been approved by the Institutional
Review Board (IRB) of Chung Shan Medical University (CS1-20009). Taiwan Biobank participants had provided
written informed consent during enrollment. All methods were performed in accordance with the relevant guidelines and
regulations.

SNP Selection, Imputation, and Quality Control

Through literature searches, we identified the variant rs2908004 of the WNT16 gene, which has been associated with
osteoporosis in other populations. We used imputed data available in TWB. Two separate customized chips (TWBv1
custom array and TWBV2 custom array) were used for genotyping at Academia Sinica; details about these chips have
been described elsewhere.?>?° IMPUTE2 (v2.3.1) was used to impute data from a subset of individuals genotyped on
TWBvl and TWBv2. The WNT16 152908004 variant had an imputation INFO >0.3, minor allele frequency (MAF)
greater than 0.01%, Hardy-Weinberg equilibrium (HWE) p-value of >1.0 x 10>, and a missing rate <5%.

Definition of Osteoporosis and Covariates
Mackay Memorial Hospital performed BMD measurements using the DiscoveryTM QDRTM Bone Densitometry
Systems (HOLOGIC) machine. In this study, we defined osteoporosis based on a mean T-score of —2.5 and below in
the hip. Body mass index was classified following the guidelines of the Health Promotion Administration. Participants
were grouped as follows: normal weight (18.5 kg/m* < BMI < 24 kg/m?), underweight (BMI<18.5 kg/m?), overweight
(24 kg/m* < BMI < 27 kg/m?), and obese (BMI >27 kg/m?).
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Statistical Analyses

The analyses were conducted using SAS 9.4 software (SAS Institute, Cary, NC, USA) and Plink 1.9. Continuous variables
were presented as mean =+ standard error (SE) whereas categorical variables were presented as numbers and percentages.
Student’s ¢-test and Chi-square were used to determine the differences between continuous and categorical variables. The
contribution of each variable in the association of BMI and rs2908004 genotypes (GG and GA+AA) with osteoporosis was
determined using multiple logistic regression. The odds ratios and 95% CI were determined. Lifestyle habits, such as
smoking and drinking alcohol, tea consumption, and exercising, were included in the logistic regression model.

Results

Of the 10,942 participants, 862 had osteoporosis. The average age of those with osteoporosis was 61.606 (SE = 0.268)
years and 53.281 (SE = 0.102) years for those without osteoporosis (Table 1). The variant rs2908004 was significantly
protective against osteoporosis (GA+AA vs GG genotype: OR, 0.651; 95% CI = 0.543-0.778) as shown in Table 2.

Table | Participants’ Characteristics

Variables No Osteoporosis Osteoporosis p-value
(n =10,080) (n = 862)

rs2908004 n, % <0.0001
GG 6571 (65.19) 636 (73.78)
GA+AA 3509 (34.81) 226 (26.22)

BMI categories n, %
Normal-weight (218.5 kg/m? to <24 kg/m?) 3573 (35.45) 617 (71.58) <0.0001
Underweight (<18.5 kg/m?) 111 (1.10) 109 (12.65)
Overweight (224 kg/m? to <27 kg/m?) 3345 (33.18) 105 (12.18)
Obese (227 kg/m?) 3051 (30.27) 31 (3.60)

Sex n, % <0.0001
Female 5782 (57.36) 780 (90.49)
Male 4298 (42.64) 82 (9.51)

Age (mean+SE), years 53.281 (0.102) 61.618 (0.268) <0.0001

Smoking n, % <0.0001
No 7781 (77.19) 806 (93.50)
Yes 2299 (22.81) 56 (6.50)

Alcohol intake n, % <0.0001
No 8764 (86.94) 829 (96.17)
Yes 1316 (13.06) 33 (3.83)

Exercise n, % <0.0001
No 5518 (54.74) 400 (46.40)
Yes 4562 (45.26) 462 (53.60)

Tea consumption n, % <0.0001
No 7541 (74.81) 729 (84.57)
Yes 2539 (25.19) 133 (15.43)

Coffee consumption n, % <0.0001
No 5439 (53.96) 577 (66.94)
Yes 4641 (46.04) 285 (33.06)

Vegetarian diet n, % <0.0001
No 9287 (92.13) 732 (84.92)
Yes 793 (7.87) 130 (15.08)

Menopausal status n, % (n = 6562) <0.0001
No 2775 (47.99) 50 (6.41)
Yes 3007 (52.01) 730 (93.59)

Note: GG, GA+AA are the genotypes of rs2908004.
Abbreviations: BMI, body mass index; SE, standard error.
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Table 2 Odds Ratios for Osteoporosis Among Study Subjects

Variables Model |

OR 95% CI p-value

rs2908004
GG |
GA+AA 0.651 0.544-0.780 <0.0001
BMI categories
Normal-weight |
Underweight 6.517 4.624-9.186 <0.0001
Overweight 0.176 0.140-0.221 <0.0001
Obese 0.057 0.039-0.083 <0.0001
Sex
Women |
Men 0.124 0.092-0.167 <0.0001
Age (years) 1.141 1.128-1.154 <0.0001
Smoking
No |
Yes 1.179 0.824-1.686 0.3683
Alcohol intake
No |
Yes 0.732 0.484-1.105 0.1374
Exercise
No |
Yes 0.643 0.541-0.764 <0.0001
Tea consumption
No |
Yes 0.991 0.796-1.234 0.9367
Coffee drinking
No |
Yes 0.728 0.613-0.864 0.0003
Vegetarian diet
No |
Yes 1.665 1.303-2.128 <0.0001
Model 2 (n = 6562)
Menopausal status
No |
Yes 3.852 2.631-5.640 <0.0001

Notes: Model | is the general model; Model 2 shows results based on menopausal status.
Abbreviations: OR, odds ratio; Cl, 95% confidence interval.

Compared to normal-weight, underweight was significantly associated with a higher risk of osteoporosis (OR, 6.517;
95% CI = 4.624-9.186) while overweight and obesity were protective (OR, 0.176; 95% CI = 0.140-0.221 and 0.057,;
95% CI = 0.039-0.083, respectively). Also associated with a lower risk of osteoporosis were male sex, exercise, and
coffee consumption. Menopause was strongly associated with osteoporosis (OR, 3.852; 95% CI = 2.631-5.640). There
was an interaction between rs2908004 and BMI (p for interaction=0.0148) in the general model that included all
individuals. This prompted us to perform subgroup analyses. The ORs for the subgroups defined by the BMI and
rs2908004 genotypes are shown in Table 3. Compared to the GG genotype, the OR for osteoporosis in GA+AA
individuals was 0.747 (95% CI = 0.608-0.918) for those in the normal-weight group, 0.435 (95% CI = 0.196-0.963)
for those in the underweight group, 0.471 (95% CI = 0.285-0.780) for those in the overweight group and 0.307 (95% CI
= 0.115-0.818) for obese individuals, respectively. Compared to women, the adjusted OR for osteoporosis was 0.108
(95% CI = 0.075-0.156) in normal-weight, 1.630 (95% CI = 0.559—4.753) in underweight, 0.048 (95% CI = 0.020-
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Table 3 ORs for Osteoporosis Among the Different Categories of BMI

Variables Normal-Weight (n = 4190) Underweight (n = 220) Overweight (n = 3450) Obese (n = 3082)
OR 95% ClI p-value OR 95% CI p-value OR 95% ClI p-value OR 95% CI p-value

rs2908004

GG (n = 7207) | | | |

GA+AA (n = 3735) 0.747 0.608-0.918 0.0056 0.435 0.196-0.963 0.400 0.471 0.285-0.780 0.0034 0.307 0.115-0.818 0.0182
Sex

Female (n = 6562) | | | |

Male (n = 4380) 0.108 0.075-0.156 <0.0001 1.630 0.559-4.753 0.3708 0.048 0.020-0.119 <0.0001 0.194 0.063-0.598 0.0043
Age (years) 1.138 1.123-1.153 <0.0001 1.137 1.094—1.182 <0.0001 1.155 1.120-1.192 <0.0001 1.165 1.103-1.231 <0.0001

Note: Adjusted for smoking, age, alcohol intake, exercise, tea consumption, coffee consumption, and vegetarian diet.
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Table 4 Estimates of Osteoporosis Odds Ratios Based on rs2908004 Genotype Combinations
and BMI Categories

Variables OR 95% ClI p-value
rs2908004-GG/ normal-weight (n = 2752) |
rs2908004-GG/ underweight (n = 166) 7.662 5.158-11.410 <0.0001
rs2908004-GG/ overweight (n = 2249) 0.197 0.152-0.256 <0.0001
rs2908004-GG/ obese (n = 2040) 0.071 0.047-0.107 <0.0001
rs2908004-GA+AA/ normal-weight (n = 1438) 0.747 0.608-0.919 0.0057
rs2908004-GA+AA/ underweight (n = 54) 3.007 1.511-5.984 0.0017
rs2908004-GA+AA/overweight (n = 1201) 0.095 0.060-0.150 <0.0001
rs2908004-GA+AA/ obese (n =1042) 0.022 0.009-0.053 <0.0001
Sex
Female |
Male 0.123 0.092-0.166 <0.0001
Age (years) 1.141 1.128-1.153 <0.0001

Note: Adjusted for smoking, age, alcohol intake, exercise, tea consumption, coffee consumption, and vegetarian diet.

0.119) in overweight, and 0.194 (95% CI = 0.063-0.598) in obese men, respectively. Subgroup analyses (using
1s2908004-GG/normal-weight as the reference group) indicated ORs of 7.672 (95% CI = 5.158-11.410) in the
1rs2908004-GG/underweight group and 3.007 (95% CI = 1.511-5.984) in the rs2908004-GA+AA/underweight group
as shown in Table 4. The corresponding ORs (95% CI) were 0.197 (0.152-0.256) in the rs2908004-GG/overweight
group, 0.071 (0.047-0.107) in the rs2908004-GG/obese group, 0.747 (0.608-0.919) in the rs2908004-GA+AA/normal-
weight group, 0.095 (0.60-0.150) in the rs2908004-GA+AA/overweight group, and 0.022 (0.009-0.053) in the
rs2908004-GA+AA/obese group, respectively.

Discussion

In our population-based study, we examined data from 10,942 subjects in TWB and observed that variant rs2908004 had
a significant association with osteoporosis. In other words, the rs2908004-GA+AA genotype was associated with lower
osteoporosis risk than the GG genotype. Additionally, we found that being underweight was significantly associated with
an increased risk of osteoporosis, while overweight and obesity were protective (when compared with normal weight).
Once the interaction terms were included in the regression model, our analyses showed a significant interaction between
1s2908004 and BMI. When we stratified our model by BMI categories, we found that the GA+AA genotype (compared
to the GG) appeared to be protective against osteoporosis regardless of the category. To better understand the association
between rs2908004 genotypes, BMI, and osteoporosis, we included a separate model with “rs2908004-GG/normal
weight” as the reference group. We found that underweight was associated with an increased risk of osteoporosis both
for the GG and GA+AA genotypes, while overweight and obesity were associated with a lower risk.

As far as we know, this is the first study to investigate osteoporosis risk associated with BMI and rs2908004 using
TWB. In recent years, underweight has been well-recognized as a risk factor for osteoporosis.>’ >’ In a prospective study,
the odds ratio associated with osteoporosis in underweight individuals was 7.4 (95% CI 1.3 to 42.5).°° In the current
study, we observed that the OR for osteoporosis was substantially lower among obese individuals. This is an indication
that obesity is protective against the disease, even though previous studies have suggested otherwise.’' Previous data
have shown that osteoporosis and obesity are related based on how obesity is defined (ie, based on body mass index or
body weight, which makes it protective, or according to the percentage of body fat, which makes it a risk factor).** It
should be noted that we used BMI to define obesity following the Health Promotion Administration guidelines.

Osteoporosis is also known to be more prevalent in menopausal than in non-menopausal women.?’ In the current
study, we found that the odds ratio associated with osteoporosis was 3.852 (95% CI, 2.631 to 5.640) in menopausal
women compared to premenopausal women. The increased risk in menopausal women is linked to low estrogen levels,
which are associated with bone loss. In contrast, when osteoporosis risk was compared between premenopausal and
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postmenopausal women (Supplementary Table 1), we found that the risk was considerably lower for those with GA+AA

than for those with GG genotypes.

Our study has some limitations, which need to be acknowledged. To begin with, osteoporosis can either be primary or
secondary. This classification was not taken into consideration when analyzing the data. We did not have statistics for
patients exposed to glucocorticoids (exogenous or endogenous). Next, our definition of obesity is not based on the
percentage of body fat. Finally, the statistical power may not be adequate in light of the imbalanced distribution of the
rs2908004 genotypes and BMI. Nevertheless, these findings are preliminary and we hope that future studies with larger
sample sizes will provide further clarification.

Our study strength lies in the fact that this is the first study to examine osteoporosis risk associated with BMI and rs2908004
using TWB. We also used an imputed dataset to improve the power of the study or the prediction accuracy of the SNP.

Conclusions

In summary, we found that underweight was associated with increased osteoporosis risk regardless of genotypes
associated with WNT16 rs2908004 polymorphism, whereas overweight and obesity were associated with lower risk.
In light of the increasing prevalence of osteoporosis, additional studies are necessary to confirm these findings.

Funding

This project was supported by the Ministry of Science and Technology (MOST 109-2121-M-040-002, MOST 110-2121-
M-040-002, MOST 109-2811-M-040-500, MOST 111-2121-M-040-002, MOST 111-2811-M-040-001, and MOST 110-
2811-M-040-001). The funders had no role in study design, data collection, and analysis, decision to publish, or
preparation of the manuscript.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Fassio A, Idolazzi L, Rossini M, et al. The obesity paradox and osteoporosis. Eat Weight Disord. 2018;23(3):293-302. doi:10.1007/s40519-018-
0505-2
2. Rossini M, Adami S, Bertoldo F, et al. Guidelines for the diagnosis, prevention and management of osteoporosis. Reumatismo. 2016;68(1):1-39.
doi:10.4081/reumatismo.2016.870
3. Hwang J-S, Chen J-F, Tsai K-S. Epidemiology of Osteoporosis in Taiwan. Osteoporos Spine. 2021;1:96-98.
. Chen F-P, Huang T-S, Fu T-S, Sun -C-C, Chao A-S, Tsai T-L. Secular trends in incidence of osteoporosis in Taiwan: a nationwide population-based
study. Biomed J. 2018;41(5):314-320. doi:10.1016/j.bj.2018.08.001
5. Liu Z, Zhao Y, Ding G, Zhou Y. Epidemiology of primary osteoporosis in China. Osteoporos Int. 1997;7:S84. doi:10.1007/BF03194349
Cooper C, Campion G, Melton L. Hip fractures in the elderly: a world-wide projection. Osteoporos Int. 1992;2(6):285-289. doi:10.1007/
BF01623184
7. Zhu X, Bai W, Zheng H. Twelve years of GWAS discoveries for osteoporosis and related traits: advances, challenges and applications. Bone Res.
2021;9(1):1-19. doi:10.1038/s41413-021-00143-3
Pearson TA, Manolio TA. How to interpret a genome-wide association study. JAMA. 2008;299(11):1335-1344. doi:10.1001/jama.299.11.1335
Zheng H-F, Tobias JH, Duncan E, et al. WNT16 influences bone mineral density, cortical bone thickness, bone strength, and osteoporotic fracture
risk. PLoS Genet. 2012;8(7):1002745. doi:10.1371/journal.pgen.1002745
10. Albrecht SS, Gordon-Larsen P, Votruba SB. Ethnic differences in body mass index trajectories from adolescence to adulthood: a focus on Hispanic
and Asian subgroups in the United States. PLoS One. 2013;8(9):¢72983. doi:10.1371/journal.pone.0072983
. Cummings SR, Nevitt MC, Browner WS, et al. Risk factors for Hip fracture in white women. N Engl J Med. 1995;332(12):767-773. doi:10.1056/
NEIM199503233321202
12. Deng HW, Chen WM, Conway T, et al. Determination of bone mineral density of the Hip and spine in human pedigrees by genetic and life-style
factors. Genet Epidemiol. 2000;19(2):160—177. doi:10.1002/1098-2272(200009)19:2<160::AID-GEPI4>3.0.CO;2-H
13. Visscher PM, Brown MA, McCarthy MI, Yang J. Five years of GWAS discovery. A4m J Hum Genet. 2012;90(1):7-24. doi:10.1016/].
ajhg.2011.11.029
14. Zaitlen N, Kraft P, Patterson N, et al. Using extended genealogy to estimate components of heritability for 23 quantitative and dichotomous traits.
PLoS Genet. 2013;9(5):1003520. doi:10.1371/journal.pgen.1003520
15. Maes HH, Neale MC, Eaves LJ. Genetic and environmental factors in relative body weight and human adiposity. Behav Genet. 1997;27
(4):325-351. doi:10.1023/A:1025635913927
16. Hu Y, Tan L-J, Chen X-D, et al. Identification of novel potentially pleiotropic variants associated with osteoporosis and obesity using the cFDR
method. J Clin Endocrinol Metab. 2017;103(1):125-138. doi:10.1210/jc.2017-01531

N

o

© >

—_—
—_

Journal of Multidisciplinary Healthcare 2022:15 hetps: 2757

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=391587.docx
https://doi.org/10.1007/s40519-018-0505-2
https://doi.org/10.1007/s40519-018-0505-2
https://doi.org/10.4081/reumatismo.2016.870
https://doi.org/10.1016/j.bj.2018.08.001
https://doi.org/10.1007/BF03194349
https://doi.org/10.1007/BF01623184
https://doi.org/10.1007/BF01623184
https://doi.org/10.1038/s41413-021-00143-3
https://doi.org/10.1001/jama.299.11.1335
https://doi.org/10.1371/journal.pgen.1002745
https://doi.org/10.1371/journal.pone.0072983
https://doi.org/10.1056/NEJM199503233321202
https://doi.org/10.1056/NEJM199503233321202
https://doi.org/10.1002/1098-2272(200009)19:2%3C160::AID-GEPI4%3E3.0.CO;2-H
https://doi.org/10.1016/j.ajhg.2011.11.029
https://doi.org/10.1016/j.ajhg.2011.11.029
https://doi.org/10.1371/journal.pgen.1003520
https://doi.org/10.1023/A:1025635913927
https://doi.org/10.1210/jc.2017-01531
https://www.dovepress.com
https://www.dovepress.com

Wu et al Dove

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Correa-Rodriguez M, Schmidt Rio-Valle J, Rueda-Medina B. Polymorphisms of the WNT16 gene are associated with the heel ultrasound parameter
in young adults. Osteoporos int. 2016;27(3):1057-1061. doi:10.1007/s00198-015-3379-4

Tong W, Zeng Y, Chow DHK, et al. Wntl6 attenuates osteoarthritis progression through a PCP/JINK-mTORC1-PTHrP cascade. Ann Rheum Dis.
2019;78(4):551-561. doi:10.1136/annrheumdis-2018-214200

Medina-Gomez C, Kemp JP, Estrada K, et al. Meta-analysis of genome-wide scans for total body BMD in children and adults reveals allelic
heterogeneity and age-specific effects at the WNT16 locus. PLoS Genet. 2012;8(7):¢1002718. doi:10.1371/journal.pgen.1002718

Niu T, Liu N, Yu X, et al. Identification of IDUA and WNT16 phosphorylation-related non-synonymous polymorphisms for bone mineral density in
meta-analyses of genome-wide association studies. J Bone Miner Res. 2016;31(2):358-368. doi:10.1002/jbmr.2687

Garcia-Ibarbia C, Perez-Nunez M, Olmos J, et al. Missense polymorphisms of the WNT16 gene are associated with bone mass, Hip geometry and
fractures. Osteoporos Int. 2013;24(9):2449-2454. doi:10.1007/s00198-013-2302-0

Mitek T, Nagraba L., Deszczyniski J, Stolarczyk M, Kuchar E, Stolarczyk A. Genetic predisposition for osteoporosis and fractures in postmeno-
pausal women. In: Advancements and Innovations in Health Sciences. Springer; 2019:17-24.

Huang Y, Jiang L, Yang H, et al. Variations of Wnt/B-catenin pathway-related genes in susceptibility to knee osteoarthritis: a three-centre case-
control study. J Cell Mol Med. 2019;23(12):8246—8257. doi:10.1111/jcmm.14696

Yang Z, Liu J, Fu J, Li S, Chai Z, Sun Y. Associations between WNT signaling pathway-related gene polymorphisms and risks of osteoporosis
development in Chinese postmenopausal women: a case—control study. Climacteric. 2022;25(3):257-263. doi:10.1080/13697137.2021.1941848
Chen C-Y, Chen T-T, Feng Y-CA, et al. Analysis across Taiwan Biobank, Biobank Japan and UK Biobank identifies hundreds of novel loci for 36
quantitative traits. medRxiv. 2021. doi:10.1101/2021.04.12.21255236

Chen C-H, Yang J-H, Chiang CW, et al. Population structure of Han Chinese in the modern Taiwanese population based on 10,000 participants in
the Taiwan Biobank project. Hum Mol Genet. 2016;25(24):5321-5331. doi:10.1093/hmg/ddw346

Cavalli L, Guazzini A, Cianferotti L, et al. Prevalence of osteoporosis in the Italian population and main risk factors: results of BoneTour
Campaign. BMC Musculoskelet Disord. 2016;17(1):396. doi:10.1186/s12891-016-1248-8

Coin A, Sergi G, Beninca P, et al. Bone mineral density and body composition in underweight and normal elderly subjects. Osteoporos Int. 2000;11
(12):1043-1050. doi:10.1007/s001980070026

Subramaniam S, Chan C-Y, Soelaiman I-N, et al. Prevalence and predictors of osteoporosis among the Chinese population in Klang Valley,
Malaysia. Appl Sci. 2019;9(9):1820. doi:10.3390/app9091820

Galli G, Lahner E, Conti L, Esposito G, Sacchi MC, Annibale B. Risk factors associated with osteoporosis in a cohort of prospectively diagnosed
adult coeliac patients. United Eur Gastroenterol J. 2018;6(8):1161-1168. doi:10.1177/2050640618784340

Sharma S, Tandon VR, Mahajan S, Mahajan V, Mahajan A. Obesity: friend or foe for osteoporosis. J Midlife Health. 2014;5(1):6-9. doi:10.4103/
0976-7800.127782

Migliaccio S, Greco EA, Fornari R, Donini LM, Lenzi A. Is obesity in women protective against osteoporosis? Diabetes Metab Syndr Obes.
2011;4:273-282. doi:10.2147/DMS0.S11920

Journal of Multidisciplinary Healthcare Dove

Publish your work in this journal

The Journal of Multidisciplinary Healthcare is an international, peer-reviewed open-access journal that aims to represent and publish research in
healthcare areas delivered by practitioners of different disciplines. This includes studies and reviews conducted by multidisciplinary teams as well
as research which evaluates the results or conduct of such teams or healthcare processes in general. The journal covers a very wide range of areas
and welcomes submissions from practitioners at all levels, from all over the world. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

2758 P ¥ in B Dove Journal of Multidisciplinary Healthcare 2022:15


https://doi.org/10.1007/s00198-015-3379-4
https://doi.org/10.1136/annrheumdis-2018-214200
https://doi.org/10.1371/journal.pgen.1002718
https://doi.org/10.1002/jbmr.2687
https://doi.org/10.1007/s00198-013-2302-0
https://doi.org/10.1111/jcmm.14696
https://doi.org/10.1080/13697137.2021.1941848
https://doi.org/10.1101/2021.04.12.21255236
https://doi.org/10.1093/hmg/ddw346
https://doi.org/10.1186/s12891-016-1248-8
https://doi.org/10.1007/s001980070026
https://doi.org/10.3390/app9091820
https://doi.org/10.1177/2050640618784340
https://doi.org/10.4103/0976-7800.127782
https://doi.org/10.4103/0976-7800.127782
https://doi.org/10.2147/DMSO.S11920
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Data Resource and Study Population
	SNP Selection, Imputation, and Quality Control
	Definition of Osteoporosis and Covariates
	Statistical Analyses

	Results
	Discussion
	Conclusions
	Funding
	Disclosure

