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Abstract

:

Background: Effects of anti-citrullinated polypeptide antibodies (ACPA) on the bone mineral density (BMD) reduction and incidence of major osteoporotic fractures (MOF) in patients with rheumatoid arthritis (RA) were evaluated using a retrospective longitudinal case-control study. Methods: Patients with RA who were examined using dual-energy X-ray absorptiometry and simultaneously treated for more than 5 years were recruited. BMD absolute value and Z-scores at initial measurements (baseline) and changes of these values from baseline were assessed, and associations between BMD and candidate risk factors including ACPA positivity and serum titer levels were statistically evaluated. Additional statistical evaluations of ACPA positivity in regard to the incidence of MOF were tested. Results: A total of 222 patients were included. Higher ACPA titers correlated significantly with lower BMD and Z-scores at baseline using a multivariate model (p < 0.05). ACPA positivity correlated significantly with lower values and an annual decrease in the Z-score in total hip at follow-up using a univariate model (p < 0.05), whereas no significant correlation was found using a multivariate model. Z-scores in the ACPA-positive group were significantly lower than those of the ACPA-negative group (p < 0.05). However, ACPA-positivity demonstrated no higher risk for incident MOF. Conclusions: The presence of ACPA is a potential risk of BMD loss however weak.
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1. Introduction


It is widely accepted that rheumatoid arthritis (RA) is a determinant risk factor of osteoporosis [1,2,3,4,5,6,7,8,9]. In the past 10 years, FRAX® (fracture risk assessment tool; a diagnostic tool used to evaluate the 10-year probability of bone fracture risk) has been globally used as an investigative tool for determining the risk of osteoporotic fractures. It includes a questionnaire with items such as glucocorticoid administration, current smoking habits, and bone fragility fracture history of both the patients and their parents [10]. In the questionnaire of FRAX, suffering with RA is included as a risk factor.



RA is associated with a high risk of osteoporotic fracture, and many risk factors of osteoporosis, besides the nature of RA itself, were identified. These are glucocorticoid (GCS) administration [11,12,13], chronic inflammation [14], impaired mobility due to joint deformity [3,15], sarcopenia (likely to be caused by decreased mobility), polypharmacy, and malnutrition cachexia [16].



As with these risks in RA, the presence of anti-citrullinated polypeptide antibodies (ACPA) is also a critical risk factor for bone loss [17,18,19]. Loss of the bone matrix was reported in previous animal studies [20]. ACPA differentiates osteoclast precursors, activates osteoclasts, and induces bone resorption. Thus, the presence of ACPA is a potential risk factor for bone loss [21,22]. ACPA may manifest an additional risk for incident fragility fractures [23]. The ACPA titer has also been extracted as one of the risk factors in longitudinal studies of human subjects [24]. However, the risk weight or significance of the proposed ACPA for bone fragility remains unclear. We evaluated these issues using a single-center retrospective case control study.




2. Materials and Methods


We have been treating RA under the treat-to-target strategy (T2T) since August 2010. Diagnoses of RA were undertaken in accordance with the 2010 American College of Rheumatology/European League Against Rheumatism classification criteria of RA [25]. The initial target of therapy was the attainment of remission with a simplified disease activity index (SDAI) within 6 months of initiation [26]. When RA patients were 50 years of age or older or received GCS during treatment, bone mineral density (BMD) in the lumbar spine (LS) and the total hip (TH) in the proximal femur were measured using dual-energy X-ray absorptiometry (DXA) at first consultation or at least within one year since initiation. DXA measurements were made using the DPX® Bravo ME9309 Bone Densitometer (GE Health Care, Chicago, IL, USA: Coefficients of variation; CV: 1.1% (lumbar spine), 0.9% (femoral neck)). These Japanese RA patients were recruited for the study. The baseline was set when the first DXA was measured, and follow-up continued from baseline to 60 months, including the occurrence of the first fragility fracture. Patients who were censored at the time of death or could not be followed were excluded from the study. All patients were followed up in accordance with SDAI and Health Assessment Questionnaire Disability Index (HAQ) monitoring every 1 ~ 3 months. These data were used for analysis. Sharp/van der Heijde Score (SHS) was measured at baseline and annually thereafter, however, we adopted only the data at baseline.



Our primary endpoint was the BMD and Z-score, which mean the number of standard deviations of the BMD for the same gender and generation of the patients in both LS and TH at the closest observation after 5 years of follow-up, and the secondary endpoint was the occurrence of an incident major osteoporotic fracture (MOF) during follow-up.



2.1. Baseline Background Study


We have evaluated a correlation between the BMD in each LS and TH and the background characteristics at baseline. Candidate risk factors were set as independent factors at baseline, such as sex, age, disease duration of RA, positivity (cut off index = 4.5), and serum titer level of ACPA, which were measured using a Clinical Laboratory Improvement Amendments method, rheumatoid factor (RF), SDAI score, HAQ score, PS-VAS, and SHS. In addition to these, the presence of prevalent MOF (pr-MOF), the presence of lifestyle-related diseases (LSD), and cognitive impairment (C-I) were selected as independent factors. Moreover, clearly evident risk factors such as an increased ability to fall or a disorder (fall-ability) was included. MOF included vertebral body fractures, hip fractures, distal radial fractures, proximal humeral fracturess, and other fractures caused by bone fragility. These fractures were identified using both interviews and X-ray pictures. LSD included type 2 diabetes mellitus, chronic obstructive pulmonary disease, hypertension, hyperlipidemia, chronic heart failure, chronic kidney disfunction ≥ Stage 3a, and insomnia. Fall-ability included a musculoskeletal ambulation disability complex, osteoarthritis of the lower extremities, joint contractures of the trunk or lower extremities, disuse syndrome, parkinsonism, and neuromuscular disorders. The diagnoses of these comorbidities were made by the authors, who are specialists certified by the Japanese Society of Internal Medicine, the Japanese Orthopaedic Association, and the Japanese College of Rheumatology. We have evaluated a correlation between the Z-score in LS and TH and candidate risk factors in the same manner as that used to evaluate the BMD at baseline study.




2.2. Follow-Up Study


Correlations between BMD values in each LS and TH at last measure and the candidate risk factors used in BMD at baseline, substituting for the mean values of SDAI and HAQ score during follow-up for these factors at baseline, were also examined. Correlations between the Z-score at the last measure as for BMD and the candidate risk factors were also examined in the same manner.



Correlations between the mean annual change of BMD and Z-score in each LS and TH were also evaluated in the same manner.




2.3. Comparison between ACPA Positive/Negative Groups Study


Furthermore, patients were classified in accordance with ACPA positivity: ACPA-positive (ACPA ≥ 4.5U/mL) and ACPA-negative (ACPA < 4.5) groups. Background factors of the two groups were compared at both baseline and follow-up, and the change in the Z-score between the groups was compared for each site of LS and TH.




2.4. Incident MOF Study


We examined the relationship between the occurrence of incident MOF and candidate risk factors during follow-up in the same population using a Cox regression analysis.



We used a linear regression analysis for the baseline background evaluation and for the follow-up evaluations, besides a change of the Z-score analysis, whereas an ANOVA t-test was used for the comparative analysis. For the incident MOF study, we used a binary regression analysis. We identified significant correlated factors within 5% in univariate models and evaluated a multivariate model of these factors for linear regression and binary regression analyses. All statistical analyses were performed using StatPlus:mac Pro® (AnalystSoft, Inc., Walnut, CA, USA).





3. Results


A total of 222 patients were recruited including 17 males (7.7%) and 205 females (92.3%). The mean age of the patients was 69.2 years old. Mean disease duration at baseline and follow-up length after baseline were 6.4 and 63.3 months, respectively. Mean SDAI score, HAQ score, and SHS at baseline were 22.2, 0.516, and 6.6, respectively. The mean ACPA level and positive rate were 202.1 and 77.5%, respectively. Number of patients who already presented MOF at baseline was 115 (51.8%), and incident MOF in the follow-up period was 39 (17.6%) (Table 1).



3.1. Baseline Background Study


Female gender, older age, and the presence of pr-MOF significantly correlated negatively with BMD in LS using univariate models, whereas only female gender and the presence of pr-MOF remained in the multivariate model. Female gender, older age, longer disease duration, higher ACPA titer, higher SDAI score, higher HAQ score, higher SHS, and the presence of pr-MOF significantly correlated negatively with BMD in TH using univariate models, and female gender, older age, longer disease duration, higher ACPA titer, and the presence of pr-MOF also correlated using a multivariate model (Table 2).



Female gender, ACPA positivity, and the presence of fall-ability significantly correlated with the Z-score in LS using univariate models, and the presence of fall-ability was the only factor that correlated with the Z-score in LS positively at baseline using a multivariate model. Longer disease duration, ACPA positivity, higher ACPA titer, higher HAQ score, higher SHS, the presence of pr-MOF, and the presence of fall-ability significantly correlated with the Z-score in TH using univariate models, and longer disease duration, higher ACPA titer, and the presence of fall-ability correlated using a multivariate model (Table 2).




3.2. Follow-Up Study


The BMD in LS at last observation significantly correlated negatively with female gender and the presence of pr-MOF using univariate models. Both variables also correlated using a multivariate model. The BMD in TH significantly correlated negatively with female gender, older age, longer disease duration, higher mean SDAI score, higher mean HAQ score, higher SHS at baseline, and the presence of pr-MOF using univariate models. Female gender, older age, and the presence of pr-MOF significantly correlated using a multivariate model (Table 3).



A higher Z-score in LS significantly correlated with female gender, ACPA positivity, and the presence of fall-ability using univariate models, and female gender was the only factor that correlated with the Z-score using a multivariate model. A higher Z-score in TH significantly correlated negatively with longer disease duration, ACPA positivity, higher mean SDAI score, and higher mean SHS, and the presence of fall-ability significantly correlated positively with Z-score using univariate models. However, using a multivariate model, longer disease duration was the only significant factor (Table 3).



The annual Increase in BMD in LS significantly corelated with female gender and the presence of pr-MOF, positively, and with GCS administration, negatively, using univariate models. Among these, no candidate factors correlated significantly using a multivariate model. The annual increase in BMD in TH significantly correlated only with higher SHS using univariate models, and it also correlated with the annual increase in BMD in TH using a multivariate model (Table 4).



The annual increase in Z-score in LS significantly correlated with female gender, ACPA positivity, and the presence of fall-ability using univariate models, and only the ACPA positivity significantly correlated with the annual increase in Z-score using a multivariate model. The annual increase in Z-score in TH significantly correlated with longer disease duration, the ACPA positivity, higher mean SDAI score, higher SHS, and the presence of fall-ability during follow-up using univariate models. Among these, higher mean SDAI score was the only factor that correlated significantly with the annual increase in Z-score in TH using a multivariate model (Table 4).




3.3. Comparison for ACPA Positivity Study


The mean SDAI score, RF, and SHS at baseline in the ACPA-positive group were significantly higher than those in the ACPA-negative group, whereas the mean age and Z-score in LS in the ACPA-positive group was significantly lower than those in the ACPA-negative group. During follow-up, SHS in the ACPA-positive group was significantly higher than that in the ACPA-negative group, whereas Z-score in LS and the mean annual increase in Z-score in both LS and TH were significantly lower in the ACPA-positive group than those in the ACPA-negative group (Table 5). The other parameters showed no significant difference between the two groups.




3.4. Incident MOF Study


Older age, higher HAQ score, higher SHS, higher BMD in LS and TH, the presence of LSD, fall-ability, and CI had significantly higher risk ratios for pr-MOF at baseline using univariate models, whereas older age, higher SHS, the presence of fall-ability, and CI showed significant higher risk ratios even using a multivariate model.



Higher HAQ score at baseline, higher mean HAQ score at follow-up, the presence of pr-MOF at baseline, the presence of LSD, and fall-ability had significantly higher risk ratios for incident MOF, whereas the presence of pr-MOF was the only factor that showed a significantly higher risk ratio for incident MOF using a multivariate model, and neither ACPA positivity nor higher ACPA titer showed significantly higher risk ratios (Table 6).





4. Discussion


It may be clear from previous reports that the production of ACPA triggers the development of RA and joint and bone destruction mechanisms [27,28,29]. It also predictably causes bone fragility. ACPA stimulates osteoclast differentiation and activation in animal or in vitro studies [17,18]. ACPA has been reported to be involved in bone resorption through the induction of osteoclasts from the synovial membrane before the onset of RA [17]. Since the main locus of ACPA involvement in bone resorption is the synovium, the cortical bone at the joint periphery is considered to be the main site of bone resorption. Its involvement in systemic bone resorption in clinical practice has only been reported in cross-sectional studies [20,21], and there are few reports that describe the role of ACPA based on a longitudinal cohort study, to the best of our knowledge [24,27]. This cohort study assessed the extent to which ACPA contributes to bone fragility using retrospective longitudinal case-control data from a single center in clinical practice.



In selecting candidate risk factors, commonly established risk factors such as female gender, older age, and BMD were included. Recently focused risk factors for osteoporotic fracture, namely, presenting diabetes mellitus, chronic obstructive pulmonary diseases, chronic kidney disfunction, and insomnia were included together in the presence of LSD. In addition to these, hyper fall-ability was included because we expected fracture risk to increase proportionally with an increase in fall-ability.



Disease-activity level was represented with the SDAI score, daily-life activity level was represented with the HAQ score, the duration of suffering RA was represented with disease duration, and joint deformity level was represented with SHS, which were also included as RA-specific factors. Drug factors such as anti-osteoporotic drug and glucocorticoid were also included. However, the family history of MOF could not be included because the patients’ memories were vague and unreliable as all subjects were elderly. Preferential habits, such as smoking and drinking alcohol, were also excluded because there were very few subjects exhibiting these in the study.



The reason for adopting the Z score over the T score is that the T score represents the relative deviation from the mean BMD within the 30 s of each gender, but not in the same generation as the participants. Previous reports indicated that ACPA was not a determinant of BMD, such as as gender and age [20,21,22]. Due to the need to exclude effects of gender and age, Z scores were adopted, but T scores were not included in the study. The reasons for not selecting subjects younger than 50 years were the same.



The results showed that commonly established risk factors, such as female gender, older age, and the presence of pr-MOF, had a greater impact on BMD at both LS and TH, particularly on BMD at TH, which was affected by more factors than BMD at LS.



We conclude that ACPA has an effect, but not a strong effect, on bone mineral density. In the baseline study, higher ACPA titers were significantly associated with a lower BMD and Z-score in TH, but ACPA titers were the weakest of five significant risk factors followed by older age, longer disease duration, presence of pr-MOF, and female gender. There was no significant correlation in the univariate model of LS. However, ACPA positivity was significantly associated with lower Z-scores in both LS and TH, and higher ACPA titer levels were significantly associated with lower Z-scores in TH. In the follow-up study, ACPA was not a significant risk factor for the absolute BMD value, but ACPA positivity was associated with lower Z-scores in TH using a univariate model; however, no significant correlation showed using a multivariate model. The effect of ACPA on BMD was evidently shown in its annual changes. There showed no significant correlation between the annual change in BMD and both ACPA positivity and titer, however, ACPA positivity showed a significant correlation with the annual change in Z-score for both LS and TH using a univariate model, while no significant correlation was shown using a multivariate model.



From these results, ACPA may contribute to total body BMD loss, and its effect is probably independent. In particular, one significant marker of this was ACPA positivity and not higher ACPA titers. This suggests that the relative decrease in bone mineral density is independent of the antibody titer of ACPA and, more importantly, depends on the presence of ACPA itself. The ACPA is tested by measuring serum levels and is likely to differ from bone level or synovial fluid level. Therefore, the positive ACPA level reflects the accelerated bone resorption in the bone. However, it is weak among various risk factors, and its effects are offset by multivariate models. Furthermore, the absence of any correlation between ACPA positivity and changes in absolute BMD may indicate that ACPA has a weak effect on systemic bone resorption. Thus, ACPA positivity affected baseline BMD and Z-score, but not follow-up BMD. In other words, other factors such as control of disease activity, GCS administration, and changes in patient motility may be confounding.



There are substantial non-ACPA-positive confounders, including age, sex, body mass index, the duration of disease, disease activity, activities of daily living, joint deformity level, joint contracture, etc. However, the results of the controlled trial indicate that the distribution of women in the ACPA-positive group is significantly lower than those in the ACPA-negative group, and the mean age of the ACPA-positive group is significantly younger, which suppresses BMD reduction at baseline. Among other factors, the SDAI score and SHS at baseline were significantly higher in the ACPA-positive group than in the ACPA-negative group, but the SDAI score at follow-up showed no significant difference between the two groups. Nor did the HAQ score at both baseline and follow-up show a significant difference. These results indicate that ACPA positivity is an independent factor in decreasing relative BMD in the clinic; in other words, ACPA-positive patients are at risk for decreasing BMD compared with ACPA-negative patients.



However, ACPA positivity does not contribute to the development of MOF. In the incident MOF study, results showed that the presence of prevalent MOF was the only factor among the candidate factors, which included ACPA positivity and higher titer of ACPA. A lower BMD was not a significant factor. This suggests that lower BMD does not always mean a higher risk for incident MOF, but past fracture history is a more important factor for the occurrence of incident MOF.



Anti-osteoporotic drugs had no effect on BMD or Z-score, and GCS was similarly ineffective. Although the bias of the subject pool, which is the dataset of the present study, may be a problem, the effect of these drugs may not be strong enough to offset the individual difference of the subjects. Also, the possibility that the sample size of 222 was too small for proving a significant effect cannot be denied.



Biological and targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs) had no effect on BMD or Z-score, although they may affect ACPA titers. Rituximab, which is thought to have the greatest effect on ACPA titers, was not covered by insurance for RA in Japan and was not administered to study subjects. Therefore, b/tsDMARD is unlikely to affect BMD or Z-score through ACPA titer in this study population.



There were several limitations in the study. First, this was a single-center retrospective study, therefore, the number of subjects was rather small, and there is a risk of patient selection and ethnicity bias. Another is that biological disease-modifying anti-rheumatic drug administration during follow-up was not considered. Furthermore, this was a longitudinal study, but ACPA itself included only baseline values as its source of information, despite the fact that the ACPA titer may change during follow-up. However, ACPA antibody titers were unlikely to change with treatment, and it is difficult to treat changes during treatment as independent risk factors. Our conclusion is that serum ACPA-positive individuals have a relative risk of bone fragility, but not a strong risk, which remains unchanged in the presence of limitation.
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Table 1. Patients’ demographic characteristics at baseline and follow-up.






Table 1. Patients’ demographic characteristics at baseline and follow-up.





	Cases (Male:Female)
	222 (17:205)





	age at baseline (year-old)
	69.2 ± 11.8



	disease duration at baseline (months)
	6.4 ± 6.8



	ACPA positivity (%)
	77.5



	ACPA titer (U/mL)
	202.1 ± 496.4



	RF titer at baseline (IU/mL)
	95.6 ± 199.8



	SDAI at baseline
	22.2 ± 8.9



	HAQ at baseline
	0.516 ± 0.617



	SHS at baseline
	6.6 ± 7.3



	presence of prevalent MOF at baseline
	115 (51.8%)



	BMD in the LS at baseline and follow-up (g/cm2)
	0.838 ± 0.185/0.845 ± 0.185



	BMD in the TH at baseline and follow-up (g/cm2)
	0.706 ± 0.143/0.709 ± 0.126



	Z-score in the LS at baseline and follow-up
	−0.047 ± 1.467/0.148 ± 1.491



	Z-score in the TH at baseline and follow-up
	0.106 ± 1.061/0.314 ± 0.949



	presence of lifestyle-related diseases at baseline (%)
	85.5



	presence of fall-ability at baseline (%)
	66.8



	presence of cognitive impairment at baseline (%)
	10.7



	presence of incident MOF at follow-up
	39 (17.6%)



	anti-osteoporotic drug administered at baseline and follow-up (%)
	45.8 and 66.7



	GCS administered at baseline and follow-up (%)
	33.8 and 24.6







The values are presented as mean ± SD unless indicated otherwise. In BMD and Z-scores, values at baseline and at follow-up are separated by a slash. Abbreviations: ACPA, anti-citrullinated polypeptide antibodies; RF, rheumatoid factor; SHS, Sharp/van der Heijde Score; SDAI, simplified disease activity index; HAQ, Health Assessment Questionnaire Disability Index; BMD, bone mineral density; LS, lumbar spine; TH, total hip; GCS, glucocorticoid steroid.
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Table 2. Correlation of candidate variables with BMD and Z-scores at baseline.






Table 2. Correlation of candidate variables with BMD and Z-scores at baseline.





	
Candidate

Risk Factors

	
BMD in LS

	
BMD in TH

	
Z-Score in LS

	
Z-Score in TH




	
Univariate Models

	
Multivariate Model

(R: 0.413)

	
Univariate Models

	
Multivariate Model

(R: 0.572)

	
Univariate Models

	
Multivariate Model

(R: 0.211)

	
Univariate Models

	
Multivariate Model

(R: 0.440)




	
p-Value

	
Coefficient (95%CI)

(Beta-Value)

	
p-Value

	
Coefficient (95%CI)

(Beta-Value)

	
p-Value

	
Coefficient (95%CI)

(Beta-Value)

	
p-Value

	
Coefficient (95%CI)

(Beta-Value)






	
female

	
<0.001

	
−0.248

(−0.332–−0.164)

(−0.358) ###

	
<0.001

	
−0.078

(−0.145–−0.010)

(−0.143) #

	
<0.01

	
−0.319

(−1.086–0.448)

(−0.059)

	
0.19

	




	
older age

	
<0.05

	
−0.001

(−0.003–−0.001)

(−0.080)

	
<0.001

	
−0.004

(−0.005–−0.010)

(−0.299) ###

	
0.1

	

	
0.13

	




	
longer

disease duration

	
0.86

	

	
<0.05

	
−0.005

(−0.008–−0.017)

(−0.234) ##

	
0.8

	

	
<0.001

	
−0.035

(−0.063–−0.008)

(−0.220) #




	
ACPA positivity

	
0.31

	

	
0.61

	

	
<0.05

	
−0.343

(−0.7632–0.047)

(−0.125)

	
<0.05

	
−0.026

(−0.344–0.293)

(−0.012)




	
higher ACPA titer

	
0.54

	

	
<0.05

	
−0.000

(−0.000–−0.000)

(−0.140) #

	
0.41

	

	
<0.01

	
−0.000

(−0.001–−0.000)

(−0.153) #




	
higher SDAI score

	
0.16

	

	
<0.05

	
0.000

(−0.002–0.162)

(0.011)

	
0.36

	

	
0.11

	




	
higher HAQ score

	
0.89

	

	
<0.01

	
−0.001

(−0.033–0.030)

(−0.006)

	
0.37

	

	
<0.05

	
−0.069

(−0.305–0.167)

(−0.042)




	
higher SHS

	
0.22

	

	
<0.001

	
−0.000

(−0.001–0.000)

(0.118)

	
0.29

	

	
<0.001

	
−0.002

(−0.004–0.001)

(−0.123)




	
pr−MOF

	
<0.001

	
−0.071

(−0.120–−0.023)

(−0.193) ##

	
<0.001

	
−0.055

(−0.094–−0.017)

(−0.202) ##

	
0.1

	

	
<0.05

	
−0.254

(−0.551–0.043)

(−0.122)




	
LSDs

	
0.42

	

	
0.16

	

	
0.51

	

	
0.15

	




	
Fall

	
0.20

	

	
0.95

	

	
<0.01

	
0.432

(0.027–0.838)

(0.153) #

	
<0.05

	
0.352

(0.044–0.660)

(0.162) #




	
CI

	
0.44

	

	
0.07

	

	
0.67

	

	
0.78

	




	
OPD administration

	
0.83

	

	
0.89

	

	
0.4

	

	
0.41

	




	
GCS administration

	
0.27

	

	
0.43

	

	
0.44

	

	
0.9

	








Statistical procedure: linear regression analysis. Bold font represents significance within 5%. #, <0.05; ##,<0.01; ###, <0.001. Abbreviations: BMD, bone mineral density; MOF, major osteoporotic fracture; LS, lumbar spine; TH, total hip; ACPA, anti-citrullinated polypeptide antibodies; SDAI, simplified disease activity index; HAQ, Health Assessment Questionnaire Disability Index; SHS, Sharp/van der Heijde Score; pr-MOF, presence of prevalent major osteoporotic fractures; LSDs, presence of lifestyle-related diseases; Fall, presence of hyper fall-ability; CI, presence of cognitive impairment; OPD, anti-osteoporotic drugs; GCS, glucocorticoid steroid.
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Table 3. Correlation of candidate risk factors with BMD and Z-scores during follow-up.
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	Being Female
	<0.001
	−0.217

(−0.305–−0.131)

(−0.314) ###
	<0.001
	−0.100

(−0.154–−0.045)

(−0.216) ###
	<0.001
	−0.831

(−1.556–−0.106)

(−0.152) #
	0.16
	





	older age

at last contact
	0.11
	
	<0.001
	−0.003

(−0.004–−0.001)

−0.261 ###
	0.3
	
	0.19
	



	longer

disease duration

at last contact
	0.91
	
	<0.001
	−0.002

(−0.005–0.000)

−0.129
	0.99
	
	<0.01
	−0.029

(−0.056–0.003)

(−0.188) #



	ACPA positivity at baseline
	0.2
	
	0.82
	
	<0.05
	−0.377

(−0.774–0.020)

(−0.134)
	<0.05
	−0.121

(−0.391–0.149)

(−0.066)



	higher

ACPA titer

at baseline
	0.34
	
	0.47
	
	0.71
	
	0.14
	



	higher mean SDAI score

at follow-up
	0.14
	
	<0.01
	−0.003

(−0.007–0.001)

(−0.110)
	0.07
	
	<0.001
	−0.028

(−0.062–0.005)

(−0.127)



	higher mean HAQ score

at follow-up
	0.98
	
	<0.001
	−0.016

(−0.047–0.014)

(−0.076)
	0.46
	
	0.08
	



	higher mean SHS at follow-up
	0.45
	
	<0.001
	−0.000

(−0.000–0.000)

(−0.099)
	0.20
	
	<0.001
	−0.001 (−0.003–0.001)

(−0.071)



	pr-MOF

at baseline
	<0.01
	−0.055

(−0.101–−0.008)

(−0.148) #
	<0.001
	−0.048

(−0.081–−0.016)

(−0.197) ###
	0.28
	
	0.1
	



	LSDs, ever
	0.65
	
	0.32
	
	0.35
	
	0.51
	



	Fall, ever
	0.31
	
	0.94
	
	<0.05
	0.089

(−0.479–0.302)

(0.031)
	<0.05
	0.110

(−0.366–0.146)

(−0.006)



	CI, ever
	0.52
	
	0.29
	
	0.95
	
	0.75
	



	OPD

administration, ever
	0.86
	
	0.92
	
	0.45
	
	0.63
	



	GCS

administration, ever
	0.39
	
	0.64
	
	0.59
	
	0.67
	







Statistical procedure: linear regression analysis. Bold font represents significance within 5%. #, <0.05; ###, <0.001. Abbreviations: BMD, bone mineral density; MOF, major osteoporotic fracture; LS, lumbar spine; TH, total hip; ACPA, anti-citrullinated polypeptide antibodies; SDAI, simplified disease activity index; HAQ, Health Assessment Questionnaire Disability Index; SHS, Sharp/van der Heijde Score; pr-MOF, presence of prevalent major osteoporotic fractures; LSDs, presence of lifestyle-related diseases; Fall, presence of hyper fall-ability; CI, presence of cognitive impairment; OPD, anti-osteoporotic drug; GCS, glucocorticoid steroid.
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Table 4. Correlation of candidate risk factors with the annual increase in BMD and Z-score.
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Candidate Risk Factors

	
BMD in LS (120/102)

	
BMD in TH (121/101)

	
Z-Score in LS

	
Z-Score in TH




	
Univariate Models

	
Multivariate Model

(R: 0.227)

	
Univariate Models

	
Multivariate Model

(R: 0.332)

	
Univariate Models

	
Multivariate Model

(R: 0.188)

	
Univariate Models

	
Multivariate Model

(R: 0.418)




	
p-Value

	
Coefficient (95%CI)

(Beta−Value)

	
p-Value

	
Coefficient (95%CI)

(Beta-Value)

	
p-Value

	
Coefficient (95%CI)

(Beta-Value)

	
p-Value

	
Coefficient (95%CI)

(Beta-Value)






	
being female

	
<0.001

	
0.128

(−0.372–0.628)

(0.035)

	
0.32

	

	
<0.001

	
0.111

(−0.451–0.675)

(−0.028)

	
0.16

	




	
older age

at last contact

	
0.27

	

	
0.92

	

	
0.3

	

	
0.19

	




	
longer

disease duration

at last contact

	
0.60

	

	
0.08

	

	
0.99

	

	
<0.01

	
−0.008

(−0.037–0.022)

(−0.047)




	
ACPA positivity at baseline

	
0.76

	

	
0.91

	

	
<0.05

	
−0.384

(−0.668–0.099)

(0.075) ##

	
<0.05

	
−0.032

(−0.333–0.268)

(−0.016)




	
higher

ACPA titer

at baseline

	
0.51

	

	
0.53

	

	
0.71

	

	
0.14

	




	
higher mean SDAI score

at follow-up

	
0.96

	

	
0.57

	

	
0.06

	

	
<0.001

	
−0.044

(−0.081–−0.007)

(−0.186) #




	
higher mean HAQ score

at follow-up

	
0.62

	

	
0.42

	

	
0.46

	

	
0.07

	




	
higher mean SHS at follow-up

	
0.61

	

	
<0.05

	
0.003

(0001–0.005)

(0.177) #

	
20

	

	
<0.001

	
−0.001

(−0.003–0.002)

(−0.052)




	
pr-MOF

at baseline

	
<0.05

	
0.136

(−0.135–0.47)

(0.068)

	
0.14

	

	
0.28

	

	
0.1

	




	
LSDs, ever

	
0.22

	

	
0.99

	

	
0.35

	

	
0.51

	




	
Fall, ever

	
0.29

	

	
0.69

	

	
<0.05

	
0.156

(−0.141–0.453)

(0.075)

	
<0.05

	
0.092

(−0.207–0.391)

(0.045)




	
CI, ever

	
0.98

	

	
0.61

	

	
0.95

	

	
0.75

	




	
OPD

administration, ever

	
0.85

	

	
0.29

	

	
0.45

	

	
0.63

	




	
GCS

administration, ever

	
<0.05

	
−0.221

(−0.509–0.067)

(−0.105)

	
0.2

	

	
0.59

	

	
0.67

	








Statistical procedure: linear regression analysis. Bold font represents significance within 5%. #, <0.05; ##, <0.01; Abbreviations: BMD, bone mineral density; MOF, major osteoporotic fracture; LS, lumbar spine; TH, total hip; ACPA, anti-citrullinated polypeptide antibodies; SDAI, simplified disease activity index; HAQ, Health Assessment Questionnaire Disability Index; SHS, Sharp/van der Heijde Score; pr-MOF, presence of prevalent major osteoporotic fractures; LSDs, presence of lifestyle-related diseases; Fall, presence of hyper fall-ability; CI, presence of cognitive impairment; OPD, anti-osteoporotic drug; GCS, glucocorticoid steroid.
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Table 5. Comparison between the two groups.
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Parameters

	
ACPA-Positive (n = 172)

	
ACPA-Negative (n = 50)

	
p-Value






	

	
female (%)

	
91.3

	
96.5

	
0.10




	
at baseline

	
age (year-old)

	
65.4

	
71.3

	
<0.001




	
disease duration (months)

	
7.7

	
4.6

	
<0.001




	
RF (IU/L)

	
138.3 ± 197.1

	
21.5 ± 49.3

	
<0.001




	
SDAI

	
26.3 ± 24.0

	
21.0 ± 17.8

	
<0.05




	
HAQ

	
0.496 ± 0.618

	
0.553 ± 0.639

	
0.48




	
SHS

	
8.4 ± 8.2

	
3.5 ± 5.0

	
<0.001




	
BMD in LS (g/cm2)

	
0.825 ± 0.167

	
0.849 ± 0.156

	
0.23




	
BMD in H (g/cm2)

	
0.700 ± 0.140

	
0.710 ± 0.132

	
0.75




	
Z-score in LS

	
−0.246 ± 1.300

	
0.123 ± 1.392

	
<0.05




	
Z-score in TH

	
−0.062 ± 1.034

	
0.261 ± 1.020

	
<0.05




	
presence of lifestyle-related disease (%)

	
87.5

	
85.5

	
0.69




	
presence of fall-ability (%)

	
69.8

	
64.2

	
0.49




	
presence of cognitive impairment (%)

	
9.8

	
10.8

	
0.82




	
at follow-up

	
follow-up length (months)

	
64.8

	
65.4

	
0.65




	
SDAI

	
4.5 ± 3.1

	
5.1±4.4

	
0.22




	
HAQ

	
0.495 ± 0.616

	
0.516 ± 0.544

	
0.32




	
SHS

	
8.1 ± 8.2

	
3.4 ± 4.8

	
<0.001




	
BMD in LS (g/cm2)

	
0.839 ± 0.171

	
0.870 ± 0.165

	
0.16




	
BMD in TH (g/cm2)

	
0.710 ± 0.118

	
0.713 ± 0.115

	
0.99




	
Z-score in LS

	
−0.008 ± 1.361

	
0.368 ± 1.426

	
<0.05




	
Z-score in TH

	
0.129 ± 0.902

	
0.396 ± 0.891

	
0.11




	
anti-osteoporotic drug administered, ever (%)

	
73.4

	
69.8

	
0.72




	
GCS administered, ever (%)

	
35.8

	
32.9

	
0.68








The values are presented as mean ± SD unless indicated otherwise. Abbreviations: RF, rheumatoid factor; SHS, Sharp/van der Heijde Score; SDAI, simplified disease activity index; HAQ, Health Assessment Questionnaire Disability Index; BMD, bone mineral density; LS, lumbar spine; TH, total hip; GCS, glucocorticoid steroid. Statistically significant within 0.05 is shown in bold font.
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Table 6. Correlation of candidate risk factors for BMD and prevalent MOF occurrence at baseline.
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Prevalent MOF

	
Incident MOF




	

	
Univariate Model

	
Multivariate Model

	
Univariate Model

	
Multivariate Model




	
Odds Ratio

	
Odds Ratio

(95%CI)

	
Odds Ratio

	
Odds Ratio

(95%CI)




	
(95%CI)

	
(Beta-Value)

	
(95%CI)

	
(Beta-Value)






	
female gender

	
1.59

(0.58–4.34)

	

	
3.64

(0.47–28.30)

	




	
older age at baseline

	
1.08

(1.05–1.11) ###

	
1.08

(1.04–1.12)

(0.08) ###

	
1.00

(0.97–1.03)

	




	
longer disease duration at baseline

	
1.03

(0.99–1.08)

	

	
1.01

(0.96–1.06)

	




	
ACPA positivity

at baseline

	
1.6

(0.66–2.03)

	

	
0.84

(0.41–1.73)

	




	
higher ACPA titer

at baseline

	
1.00

(1.00–1.00)

	

	
1.00

(1.00–1.00)

	




	
higher SDAI score

at baseline

	
1.02

(0.99–1.06)

	

	
1.03

(1.00–1.08)

	




	
Higher

mean SDAI score

at follow-up

	

	

	
1.04

(0.97–1.11)

	




	
Higher

HAQ score

at baseline

	
2.24

(1.35–3.70) ##

	
1.05

(0.56–1.98)

(0.05)

	
1.72

(1.02–2.91) #

	
1.21

(0.38–3.82)

(0.19)




	
Higher

mean HAQ score

at follow-up

	

	

	
1.75

(1.03–2.96) #

	
2.7

(0.32–3.66)

(0.07)




	
higher SHS at baseline

	
1.00

(1.00–1.01) #

	
1.01

(1.00–1.01)

(0.01) #

	
1.00

(1.00–1.01)

	




	
presence of prevalent MOF at baseline

	

	

	
6.77

(2.71–16.95) ###

	
4.85

(1.84–12.79)

(1.58) ##




	
higher BMD in the LS at baseline

	
0.05

(0.01–0.27) ###

	
0.16

(0.01–2.41)

(−1.82)

	
0.50

(0.07–3.48)

	




	
higher BMD in the LS at last observation

	

	

	
1.08

(0.17–6.95)

	




	
higher BMD in the TH at baseline

	
0.01

(0.00–0.02) ###

	
0.04

(0.00–1.73)

(−3.35)

	
0.13

(0.01–1.61)

	




	
higher BMD in the TH at last observation

	

	

	
0.18

(0.01–3.13)

	




	
presence of LSDs, ever

	
2.83

(1.28–6.29) #

	
2.22

(0.78–6.32)

(0.80)

	
8.39

(1.11–63.36) #

	
5.01

(0.62–40.37)

(1.61)




	
presence of fall-ability, ever

	
3.48

(1.91–6.32) ###

	
2.88

(1.34–6.19)

(1.06) ##

	
3.35

(1.33–8.42) #

	
1.84

(0.67–5.05)

(0.61)




	
presence of cognitive impairment, ever

	
12.02

(2.74–52.67) ###

	
6.63

(1.19–37.05)

(1.89) #

	
1.71

(0.63–4.67)

	




	
anti-osteoporotic drug administration, ever

	
0.73

(0.41–1.30)

	

	
0.63

(0.31–1.29)

	




	
GCS administration, ever

	
0.86

(0.49–1.51)

	

	
0.65

(0.30–1.43)

	








Statistical procedure: BMD, linear regression analysis; prevalent MOF, binary logistic regression analysis. Bold font represents significance within 5% (#, <0.05; ##,<0.01; ###, <0.001). Abbreviations: BMD, bone mineral density; MOF, major osteoporotic fracture; LS, lumbar spine; TH, total hip; ACPA, anti-citrullinated polypeptide antibodies; SDAI, simplified disease activity index; HAQ, Health Assessment Questionnaire Disability Index; SHS, Sharp/van der Heijde Score; LSDs, lifestyle-related diseases; GCS, glucocorticoid steroid.
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