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Abstract

Objective—To profile osteoporosis (OP) care in patients with rheumatoid arthritis (RA) over the
past decade.

Methods—~Patients with RA or osteoarthritis (OA) were followed from 2003 through 2014. OP
care was defined as receipt of OP treatment (with exception of calcium/vitamin D) or screening
(OPTS). Adjusted trends over follow-up, and the factors associated with OP care were examined
using the multivariable Cox proportional hazards.

Results—OPTS was reported in 67.4% of 11,669 RA and 64.6% of 2,829 OA patients during a
median (IQR) 5.5 (2-9) years follow-up. In patients for whom treatment was recommended by the
2010 ACR glucocorticoid-induced OP (GIOP) guidelines (48.4% of RA and 17.6% of OA
patients), ~55% overall reported OP medication use. RA patients were not more likely to undergo
OPTS compared to OA patients, HR (95%CIl) 1.04 (0.94-1.15). Adjusted models showed a stable
trend for OPTS between 2004 and 2008 compared to 2003 with a significant downward trend after
2008 both in RA and OA patients. Factors associated with receipt of OP care in RA patients were
older age, postmenopausal state, prior fragility fracture or diagnosis of OP, any duration of
glucocorticoid treatment, and biologic use.

Conclusion—About half of RA patients for whom treatment was indicated never received a OP
medication. OP care in RA patients was not better than OA patients, and the relative risk of
application of this care has been decreasing in RA and OA patients since 2008 without
improvement after the release of the 2010 ACR GIOP guideline.
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Rheumatoid arthritis (RA) is associated with a two-fold increased risk of osteoporosis (OP),
even at younger ages (1-4). The underlying reasons include accelerated aging and hormonal
changes, physical disability, and most importantly inflammation-associated osteoclast
activation (5-7). Glucocorticoid (GC) use, a well-established cause of secondary OP, is also
common in RA (8). The adverse consequences of GC on bone health are particularly
problematic in RA patients due to the heightened risk of OP with an increased hip and
vertebral fracture risk even in the absence of GC use (9). Osteoporotic fractures significantly
contribute to the functional loss, morbidity, mortality, and health-related costs of RA (10—
12). Furthermore, fracture-related morbidity and mortality are substantially higher in RA
patients than the general population (13). Therefore, it is of great importance to
appropriately assess the OP/fracture risk and apply preventive and therapeutic care to RA
patients.

Despite not being RA-specific, the American College of Rheumatology (ACR) published in
2010 glucocorticoid-induced osteoporosis (GIOP) prevention and treatment guidelines to
increase awareness and treatment for GIOP (14). It recommends calcium/vitamin D
supplementation and using the World Health Organization (WHO) Fracture Risk
Assessment Tool (FRAX) (15) for all patients initiating GC (14). Bisphosphonates
(teriparatide on some occasions) are recommended for patients with high fracture risk
regardless of GC dose and duration; patients with medium-fracture risk taking <7.5 mg/day
prednisone for =3 months, and, regardless of FRAX scores, patients taking =7.5 mg/day of
prednisone for =3 months (14). These recommendations were only for postmenopausal
women, men age =50 years, and younger age groups with a previous fragility fracture (14).

Based on the 2010 ACR GIOP guideline recommendations, it was estimated that among
GC-receiving US adults, 65% of postmenopausal women and 52% of men age =50 years
were at sufficient risk for GIOP-related fracture to warrant OP treatment (16). However, the
proportion of at-risk patients receiving bisphosphonate treatment rates was below 30% (16).
Although adherence to this guideline was not separately reported for RA patients, the overall
OP treatment requirement and therapeutic gap may be even larger in RA patients since many
who are not on GC may still be at sufficient fracture risk to warrant OP treatment based on
the National Osteoporosis Foundation (NOF) or other OP guidelines (17, 18).

Despite the well-known burden of OP-related fractures and incorporation of more aggressive
RA treatment strategies including biologic disease-modifying antirheumatic drugs

(b DMARD:S), the prevalence of OP in RA leading to fracture remains high (19). Therefore,
the need for OP screening and treatment interventions for RA patients remains higher than
the general population. However, it is unknown whether the therapeutic advancements in RA
and release of the 2010 ACR GIOP guidelines improved OP care of RA patients compared
to the patients who were at relatively lower risk for OP such as patients with non-
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inflammatory rheumatic diseases. By using a US-wide observational cohort we assessed the
frequency, trends, and predictors of OP treatment and screening in patients with RA
compared to patients with osteoarthritis (OA) from 2003 through 2014.

PATIENTS and METHODS

Patients were participants in the National Data Bank for Rheumatic Diseases (NDB)
longitudinal prospective observational study. Participants were primarily recruited from
rheumatologists and were followed with self-report semi-annual questionnaires (20). Adult
patients with RA or OA who completed =2 semiannual questionnaires from January 2003
through December 2014 were included. OA patients with coexistent RA or other
inflammatory diseases excluded. Follow-up continued until the participant was censored at
death, loss to follow-up, or end of study period.

The primary outcome was “OP treatment or screening (OPTS)” defined as undergoing bone
mineral density (BMD) measurement or the receipt of any OP treatment reported by the
patients. OP treatments included oral/parenteral bisphosphonates, raloxifene, teriparatide,
and hormone replacement therapy (HRT). As denosumab was received by only one patient,
it was not included in OPTS. Since the 2010 ACR GIOP guideline recommended some of
the bisphosphonates (alendronate, risedronate and zoledronic acid) or teriparatide for the
GIOP prevention and treatment, we determined a secondary outcome called OPTS-ACR,
which included only these four medications in addition to BMD testing. Examined
separately, calcium/vitamin D supplementation was not included as an OP medication.

Treatment exposure was measured at NDB enrollment and every six months. GC treatment
was examined categorically in 4 groups, not-using (reference), <3 months, 3—-12 months, and
>12 months. To examine the association of DMARDs with the outcomes, we created four
mutually exclusive hierarchical DMARD groups: 1. Methotrexate (MTX) monotherapy
(reference), 2. Any TNF-a inhibitor (TNFi), 3. Any non-TNFi bDMARD, and 4. Others.

Fracture risk determination

Ten-year fracture probabilities of patients were assessed with the US version of FRAX® tool
(version 4.0) (http://www.shef.ac.uk/FRAX) without BMD results (15, 21). This approach
uses clinical risk factors (gender, race, age, body mass index [BMI], prior fragility fracture,
parental history of hip fracture, current tobacco smoking, ever long-term GC use [=5mg/day
prednisone >3months], RA, other causes of secondary OP and daily alcohol consumption of
>3units/day) to estimate the 10-year probability of a major osteoporotic fracture (MOF) (hip,
clinical spine, forearm or humerus) or hip fracture alone. As the parental history of hip
fracture was not available for the NDB, the missing data was generated by simulations based
on the conditional probability of the association of a risk factor with age, BMI, and other
dichotomous clinical variables by logistic regression (22) (see online supplement). Using
this method, parental history of hip fracture was estimated as 6% of the entire cohort.

A FRAX score of <10% for a 10-year MOF was regarded as low-risk, 10-20% medium-risk
and =20% high-risk. OP treatment candidates according to the 2010 ACR GIOP and the
2014 NOF guidelines were determined. Both guidelines were developed similarly using the
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RAND/UCLA appropriateness method which combines systematic literature review and
expert opinion with a rating for appropriateness. Treatment indications by the ACR GIOP
guideline were: postmenopausal women and men age =50 years who had high fracture risk
by FRAX or history of fragility fracture (fragility fracture recommendation was also applied
to GC-receiving younger age groups) regardless of GC dose and duration; had medium-risk
and taking <7.5mg/day prednisone for >3 months; taking >7.5 mg/day of prednisone for =3
months regardless of their FRAX score. Treatment indications by the NOF guideline which
allows assessing all patients, including GC non-users, were applied without BMD results:
postmenopausal women and men age =50 years who had a previous hip or vertebral fracture
or 10-year hip fracture probability of 23% or MOF probability of 220% by FRAX (17).

Statistical analysis

Baseline characteristics of RA and OA patients were compared using chi-square, Student’s t,
Wilcoxon signed-rank, or Mann-Whitney U tests, as appropriate. The percentages of patients
tested with BMD, treated with an OP treatment, or calcium/vitamin D were determined
according to fracture risk category. Crude incidence rates for outcomes were calculated by
dividing the number of events by the corresponding person-time at risk.

The Andersen-Gill multiple failure Cox proportional hazards models were used to determine
adjusted trends of and factors associated with OPTS (23). Several models with different
covariates were examined, and the model with the best goodness-of-fit, the lowest Akaike
information criterion (AIC) (24) was chosen as the final model. This model included the
following variables: age groups (<40 years-reference, 40-49 years, 50-64 years, =65 years),
gender (premenopausal-reference, postmenopausal women and men), location of residence
(rural vs. urban), education level (years), insurance type (any vs. none), rheumatic disease
comorbidity index (25) excluding fracture, prior fragility fracture or diagnosis of OP, FRAX
10-year MOF risk categories, disease duration, Health Assessment Questionnaire (HAQ),
hierarchical DMARD group, GC exposure, calendar year (2003-reference), BMI in WHO
categories (26), and annual influenza vaccination as a proxy measure of healthcare
utilization (27). The final model was stratified by the primary physician for arthritis
(rheumatologist vs. other). Since ethnicity and smoking history were included in the FRAX
risk and had no influence on the outcomes and model fit, the final model did not include
these variables.

In sensitivity analyses, BMD testing or receipt of any OP treatments were examined as
separate outcomes to explore whether predictors of screening and treatment differed.
Frequencies and predictors of OP treatment were also assessed after excluding HRT which
might have been prescribed for indications other than OP. As a subgroup analysis, the final
model was reexamined in RA patients after excluding premenopausal women and men age
<50 years who never used GC. The model for this analysis included age and age-squared
instead of the age group to deal with the non-linear relationship of age with the outcomes in
this elderly subgroup.

All assessed treatment exposures and disease severity measures were treated as time-
dependent covariates. To prevent bias from removing observations due to missing data, all
missing covariates (variables had <1% missing) were replaced by using multiple imputations
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by chained equations to create multiple imputed datasets for analyses (28). All tests were
two-sided and considered statistically significant when £<0.05. All statistical analyses were
performed using Stata version 14.0 (StataCorp, College Station, TX, USA).

The study cohort consisted of 11,669 RA and 2,829 OA patients. Baseline characteristics of
RA and OA patients are shown in Table 1.

During a median (IQR) follow-up of 5.5 (2.3-9.0) years in RA and 5.5 (2.1-9.1) years in
OA, OPTS and OPTS-ACR were reported in 67.4% and 61.8% of RA patients and 64.6%
and 56.7% of OA patients, respectively. The incidence rates for both outcomes were similar
in RA OA patients (Table 2). Less than half of RA and OA patients (43% overall) reported
either receipt of BMD testing or OP medication during their first observations. In patients
without prevalent OPTS (N=6,611 for RA, N=1,617 for OA, Table S1), the total event
numbers and incidence rates of both outcomes were much lower compared to the entire
cohort but were again similar in RA and OA patients (Table 2).

Overall, in RA patients the frequency of calcium/vitamin D supplementation was 64%,
BMD testing 58%, receipt of any OP treatment 44%, ACR-recommended medications 26%,
and OP treatment excluding HRT 30%. In OA patients, except for calcium/vitamin D
supplementation, OP screening and treatment frequencies were slightly lower than RA
patients (Table 3). OP treatment and screening frequencies were much higher in high
fracture risk patients by FRAX, although ~35% of high-risk RA and OA patients never
received any OP treatment (Table 3, Table 2S). Applying the 2010 ACR GIOP guidelines,
48.4% of RA (53.8% of postmenopausal women and 44.5% of men age =50years) and
17.6% of OA patients (19.3% of postmenopausal women and 11.4% of men age =50years)
were identified as potential candidates to receive OP treatment. However, treatment with any
OP medication and ACR-recommended OP medication were 55% and 37%, respectively,
both in RA and OA patients (Table 3). When the NOF guideline recommendations were
applied, 49.3% of RA (54.3% of postmenopausal women and 47.6% of men age =50years)
and 51.4% of OA patients (54.8 % of postmenopausal women and 41.2% of men age
>50years) were considered as OP treatment candidates. In this group, OP treatment was
reported in 54.5% of RA and 49.8% of OA patients. Additionally, 21% of RA patients who
would be recommended an OP treatment by the 2014 NOF guideline were considered as
ineligible by the 2010 ACR GIOP guideline due to GC nonuse while 19% of RA patients
who met the criteria for OP treatment by the 2010 ACR GIOP guideline were considered
low risk by the 2014 NOF guideline due to higher dose and longer duration GC exposure
regardless of the FRAX category.

In fully adjusted models, RA patients compared to OA patients were not more likely to
undergo OPTS, HR (95%CI) 1.04 (0.94-1.15), or OPTS-ACR, HR 1.05 (0.96-1.15).
Adjusted models also showed a stable trend for OPTS and OPTS-ACR in both RA and OA
patients between 2004 and 2008 compared to 2003 (Figure 1). However, following 2008, a
significant downward trend was observed for both outcomes without any meaningful
improvement after the release of the 2010 ACR GIOP guideline (Figure 1). The same
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downward trend after 2008 was also observed for BMD testing and OP treatment receipt as
separate outcomes and in RA subgroups including postmenopausal women and men age =50
years, GC-exposed, and bisphosphonate non-exposed patients (data not shown).

In the examination of predictors for OP care in RA, older age, postmenopausal state, having
insurance, higher education level, urban residency, immunization for influenza, prior
fragility fracture or diagnosis of OP, and any duration of GC treatment (more prominent with
longer durations) were associated with undergoing OPTS and OPTS-ACR (Table 4). Male
and overweight/obese RA patients were less likely to undergo either OPTS or OPTS-ACR.
Regarding DMARDS, receiving any TNFi or non-TNFi bDMARDs compared to MTX
monotherapy was also associated with better OPTS and OPTS-ACR. FRAX 10-year MOF
medium or high-risk categories compared to low-risk were not significantly associated with
the outcomes both in RA and OA patients. Factors associated with OPTS and OPTS-ACR in
OA patients are shown in Table 4.

In sensitivity analysis, predictors for BMD testing and OP treatment were similar but being
male, having no insurance, residing in a rural area, and receiving any bDMARD (vs. MTX)
were more significantly associated with BMD testing than receipt of OP medications (Table
5). The predictors for OPTS and OPTS-ACR in GC-exposed RA patients of postmenopausal
women and men age =50 years were similar that older age, longer GC duration (particularly
>12 months), bDMARDs, prior fragility fracture or diagnosis of OP were associated with
better OP care (Table S3).

DISCUSSION

In this large US-wide observational study, we showed that about half of the RA patients
were potential candidates for OP treatment by the 2010 ACR GIOP or 2014 NOF guidelines.
However, only about half of these patients ever received an OP medication. Despite being at
higher risk for OP and fracture, RA patients were not more likely to be treated or screened
for OP compared to OA patients after accounting for differences in sociodemographic
features, BMI, GC treatment, functional disability, and FRAX 10-year MOF risk categories.
Besides this suboptimal OP care, we also showed that the relative risk of undergoing OP
treatment or BMD screening has been decreasing since 2008 in RA and OA patients.

Low rates of screening and preventive/therapeutic care for OP in RA patients have been
reported previously (29, 30). However, OP treatment and screening trends and frequencies in
accordance with the 2010 ACR GIOP and the 2014 NOF guidelines in RA patients
compared to OA patients have not been examined before. Despite the importance of
implementing GIOP guideline recommendations, our findings suggest that focusing only on
GC-receiving RA patients would overlook nearly 1 of every 5 patients not treated with GC
also deemed high-risk and for whom OP treatment would be indicated based on the 2014
NOF guideline.

Although RA patients were not examined separately, the only study estimating the
proportion of GC-users who would meet the 2010 ACR GIOP guideline criteria for OP
treatment showed that treatment would be recommended in over 50% of this population
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(16). However, less than 30% of these patients reported treatment with bisphosphonates
(alendronate and risedronate only) (16). Earlier studies including either GC-using or all RA
patients also reported frequencies of 13-43% for OP treatment receipt and 23-56% for
BMD testing (29-32). A few studies assessing FRAX scores showed OP treatment
frequencies of 58-63% in high-risk RA patients (32, 33), which were similar to that of our
high-risk RA cohort (65%). The reported treatment rates in the US general population with
high fracture risk or prior fragility fracture were relatively lower (~30%) (34, 35). However,
receipt of ACR-recommended OP medications and non-HRT OP medications which include
the majority of the 2017 ACR GIOP guideline recommended medications (oral/parenteral
bisphosphonates, teriparatide, denosumab, and raloxifene) (36) were less than 50% in RA
patients. Notably, regardless of OP medication type, we could not show a better OP
treatment or screening pattern in RA patients compared to patients with a non-inflammatory
rheumatic disease from the same observational cohort.

Interestingly, we also observed that OP treatment and screening trends have been decreasing
significantly since 2008 compared to 2003 both in RA and OA patients without meaningful
changes following the release of the 2010 ACR GIOP guideline. Previous studies examining
temporal trends of OP treatment or screening patterns as % changes in prevalent or incident
long-term (defined as either =3 months or =6 months) GC-users reported an improvement in
GIOP care rates over time compared to rates in late 1990s or early 2000s (37—-40). Although
these studies included RA patients, they differed from our study in terms of population type
(administrative/pharmacy databases), outcomes (medication types), periods-examined
(1996-2001, 2001-2003, 2001-2005 and 1998-2008), included covariates, and lastly lack of
a control group (non-inflammatory patients or corresponding GC-nonusers). Nevertheless,
even the improved rates for BMD testing (19%) or treatment with any OP medication (54%)
were low (37-40). This suboptimal and decreasing trend for OP treatment and screening in
RA patients is important as the prevalence of OP leading to fractures in RA, regardless of
GC use, is still high despite aggressive management strategies and the use of bDMARDs
(19). The reasons for the suboptimal and downward trend are not fully known, but data from
the GIOP care improvement trials suggested both patient (lack of knowledge, unwillingness
to take additional drugs, cost) and clinician (lack of experience and time, focusing more on
disease activity and other comorbid conditions) barriers play a role (41).

Considering the time point of decline in OP care, certain emerged changes might have
influenced both patients’ and physicians’ willingness to pursue OP care: Medicare
reimbursement cuts for dual-energy X-ray absorptiometry (DXA) (2007), warning for jaw
osteonecrosis (2006) with bisphosphonates by the US Food and Drug Administration,
publications about atrial fibrillation (2007) and atypical femoral fractures associated with
long-term bisphosphonate treatment (2010), and negative critical media reports about these
issues (42, 43). Despite the absence of direct evidence for the effects of these factors on OP
care, an increase in the internet search for alendronate and a decline in OP screening and
treatment from 2008 through 2012 were reported in the US adult population (42, 44).
Additionally, a survey study conducted among US physicians reported that DXA
reimbursement cuts adversely influenced their DXA testing, training, and upgrading the
software and consequently the prescription of OP medications (45). Atypical femoral
fractures associated with long-term bisphosphonate use also might have led physicians or
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patients to apply drug holidays (46). The consequences of this decline in OP care is
worrying considering the plateau observed in hip fracture reduction rates for the last 3 years
(47). These barriers need to be resolved more vigilantly since neither the published results
from previous randomized interventional trials (41) nor the 2010 ACR GIOP guideline
appear to have improved OP care in RA patients.

Several factors including older age, female gender and postmenopausal state, prior OP
diagnosis or fragility fracture, and GC-use irrespective of the duration and dose were
identified as strong predictors of OP care in RA patients in this study as shown previously
(29, 31, 32). The factors indicating accessibility to and utilization of health care like higher
education level, having insurance, urban residency, and vaccination for influenza were also
associated with better OP care. Although it has been shown that higher BMI or weight was
associated with a lower likelihood of developing osteoporotic fractures in RA patients (9,
19), the limited data indicates no association between BMI and BMD testing (48). We found
that overweight/obese RA patients compared to normal-weight were less likely to be treated
or screened for OP. This may suggest physicians’ awareness of the protective effect of
higher BMI for OP/fracture, but OP care in higher-risk underweight RA patients still needs
to be improved.

Another factor that to our knowledge has not been examined as a potential determinant of
OP care is the use of biologic treatments for RA. We found that RA patients treated with any
bDMARDs were more likely to be tested with BMD, but not treated for OP. These patients
might have higher disease activities and more GC-exposure prior to bDMARDs, which may
explain the better screening. However, it is unknown whether the observed OP treatment
patterns were due to better bone densities with better disease control or other provider
concerns about bDMARD:s in the clinical practice such as infections or malignancies.

There are limitations to our study. First, as the NDB mainly recruits volunteer patients or
physicians, the study population is subject to participation bias, and may not be
generalizable to all RA patients. However, despite the participation of more educated and
disease-concerned patients, the results were suggestive of suboptimal OP care in RA
patients, especially when compared to OA patients from the same cohort. Fractures and the
level of trauma for those were self-reported, thus there may be some misclassification in
fractures. BMD is not mandatory for the FRAX calculation, and it has been shown that
FRAX without BMD is able to stratify fracture risk and may be sufficient for clinical
decision making particularly in low or high-risk patients (49). Therefore, estimates referent
to the frequency of OP treatment candidates might be even higher since BMD results are
more likely to change fracture risk category from medium to high-risk and would allow us to
use T-score of <-2.5 as a treatment indication. It should also be noted that the 2010 ACR
GIOP guideline did not cover certain GC-using risk and age groups. Although the new 2017
ACR GIOP guideline has extended the risk groups, it should be remembered that the NOF
guideline is applicable to all fracture risk groups other than GIOP and can be used in RA
patients particularly in GC-nonusers. In addition to WHO FRAX, ACR GIOP or T-score-
based fracture risk assessments, history of femoral neck or intertrochanteric and vertebral
compression fractures (highest risk group), and expanded clinical definition of OP (50) (low-
trauma clinical vertebral, proximal humerus fracture, or pelvis fracture in postmenopausal
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women or men age =50 years with low bone density [T-score —=1.0 to -2.5], or
postmenopausal women with low-trauma distal forearm fracture and low bone density)
should be evaluated when assessing for fracture risk.

In conclusion, ~50% of RA patients were at sufficient risk for fracture to warrant OP
treatment either by ACR GIOP or NOF guidelines, but half of these patients were never
treated appropriately. In addition to having suboptimal and non-superior OP care compared
to OA patients, the relative risk of being treated or screened for OP in RA patients has been
decreasing since 2008 compared to early 2000s. Clarification of patient and provider-related
factors for suboptimal management are needed to develop effective interventions and reduce
the burden of osteoporotic fractures. Considering the increased OP and fracture risk in RA
patients regardless of GC use, development of an RA-specific OP prevention and
management guideline might be helpful in covering all high-risk groups, optimizing the OP
care and decreasing the health impact of OP complications in RA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank Drs. John Kanis and Helena Johansson for their help in FRAX risk calculations; and Sofia Pedro and
Harlan Sayles for their help in statistical analysis.

Grant support: Dr. Michaud was supported by the Rheumatology Research Foundation Investigator Award; Dr.
Mikuls receives support from a VA Merit and the NIH (NIAAA, NIGMS).

References

1. Alenfeld FE, Diessel E, Brezger M, Sieper J, Felsenberg D, Braun J. Detailed analyses of
periarticular osteoporosis in rheumatoid arthritis. Osteoporos Int. 2000; 11:400-7. [PubMed:
10912841]

2. Amin S, Gabriel SE, Achenbach SJ, Atkinson EJ, Melton LJ 3rd. Are young women and men with
rheumatoid arthritis at risk for fragility fractures? A population-based study. J Rheumatol. 2013;
40:1669-76. [PubMed: 23950189]

3. Haugeberg G, Uhlig T, Falch JA, Halse JI, Kvien TK. Bone mineral density and frequency of
osteoporosis in female patients with rheumatoid arthritis: results from 394 patients in the Oslo
County Rheumatoid Arthritis register. Arthritis Rheum. 2000; 43:522-30. [PubMed: 10728744]

4. Sambrook PN, Spector TD, Seeman E, Bellamy N, Buchanan RR, Duffy DL, et al. Osteoporosis in
rheumatoid arthritis. A monozygotic co-twin control study. Arthritis Rheum. 1995; 38:806-9.
[PubMed: 7779124]

5. Gough A, Sambrook P, Devlin J, Huissoon A, Njeh C, Robbins S, et al. Osteoclastic activation is the
principal mechanism leading to secondary osteoporosis in rheumatoid arthritis. J Rheumatol. 1998;
25:1282-9. [PubMed: 9676757]

6. Gough AK, Lilley J, Eyre S, Holder RL, Emery P. Generalised bone loss in patients with early
rheumatoid arthritis. Lancet. 1994; 344:23-7. [PubMed: 7912297]

7. Henes M, Froeschlin J, Taran FA, Brucker S, Rall KK, Xenitidis T, et al. Ovarian reserve alterations
in premenopausal women with chronic inflammatory rheumatic diseases: impact of rheumatoid
arthritis, Behcet’s disease and spondyloarthritis on anti-Mullerian hormone levels. Rheumatology
(Oxford). 2015; 54:1709-12. [PubMed: 25957439]

8. Lane NE. An update on glucocorticoid-induced osteoporosis. Rheum Dis Clin North Am. 2001;
27:235-53. [PubMed: 11285998]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ozen et al.

Page 10

9. van Staa TP, Geusens P, Bijlsma JW, Leufkens HG, Cooper C. Clinical assessment of the long-term

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.
29.

30.

risk of fracture in patients with rheumatoid arthritis. Arthritis Rheum. 2006; 54:3104-12. [PubMed:
17009229]

10.

Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA. Mortality after all major types of
osteoporotic fracture in men and women: an observational study. Lancet. 1999; 353:878-82.
[PubMed: 10093980]

Chrischilles E, Shireman T, Wallace R. Costs and health effects of osteoporotic fractures. Bone.
1994; 15:377-86. [PubMed: 7917575]

Cummings SR, Melton LJ. Epidemiology and outcomes of osteoporotic fractures. Lancet. 2002;
359:1761-7. [PubMed: 12049882]

Lin YC, Li YH, Chang CH, Hu CC, Chen DW, Hsieh PH, et al. Rheumatoid arthritis patients with
hip fracture: a nationwide study. Osteoporos Int. 2015; 26:811-7. [PubMed: 25410437]

Grossman JM, Gordon R, Ranganath VK, Deal C, Caplan L, Chen W, et al. American College of
Rheumatology 2010 recommendations for the prevention and treatment of glucocorticoid-induced
osteoporosis. Arthritis Care Res (Hoboken). 2010; 62:1515-26. [PubMed: 20662044]

Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E. FRAX and the assessment of fracture
probability in men and women from the UK. Osteoporos Int. 2008; 19:385-97. [PubMed:
18292978]

Overman RA, Toliver JC, Yeh JY, Gourlay ML, Deal CL. United States adults meeting 2010
American College of Rheumatology criteria for treatment and prevention of glucocorticoid-
induced osteoporosis. Arthritis Care Res (Hoboken). 2014; 66:1644-52. [PubMed: 24719294]
Cosman F, de Beur SJ, LeBoff MS, Lewiecki EM, Tanner B, Randall S, et al. Clinician’s Guide to
Prevention and Treatment of Osteoporosis. Osteoporos Int. 2014; 25:2359-81. [PubMed:
25182228]

Ghazi M, Kolta S, Briot K, Fechtenbaum J, Paternotte S, Roux C. Prevalence of vertebral fractures
in patients with rheumatoid arthritis: revisiting the role of glucocorticoids. Osteoporos Int. 2012;
23:581-7. [PubMed: 21350894]

Hauser B, Riches PL, Wilson JF, Horne AE, Ralston SH. Prevalence and clinical prediction of
osteoporosis in a contemporary cohort of patients with rheumatoid arthritis. Rheumatology
(Oxford). 2014; 53:1759-66. [PubMed: 24764264]

Michaud K. The National Data Bank for Rheumatic Diseases (NDB). Clin Exp Rheumatol. 2016;
34(Suppl 101):100-1.

FRAX. WHO Fracture Risk Assessment Tool. http://www.shef.ac.uk/FRAX

Dawson-Hughes B, Looker AC, Tosteson AN, Johansson H, Kanis JA, Melton LJ 3rd. The
potential impact of new National Osteoporosis Foundation guidance on treatment patterns.
Osteoporos Int. 2010; 21:41-52. [PubMed: 19705046]

Andersen PK, Gill RD. Cox's regression models for counting processes: A large sample study. The
Annals of Statistics. 1982; 10:1100-20.

Akaike H. A new look at the statistical model identification. Automatic Control, IEEE Transactions
on. 1974; 19:716-23.

Michaud K, Wolfe F. Comorbidities in rheumatoid arthritis. Best Pract Res Clin Rheumatol. 2007;
21:885-906. [PubMed: 17870034]

Obesity: preventing and managing the global epidemic. Report of a WHO consultation. World
Health Organization technical report series. 2000; 894:1-253.

Brookhart MA, Patrick AR, Dormuth C, Avorn J, Shrank W, Cadarette SM, et al. Adherence to
lipid-lowering therapy and the use of preventive health services: an investigation of the healthy
user effect. Am J Epidemiol. 2007; 166:348-54. [PubMed: 17504779]

Rubin, DB. Multiple imputation for nonresponse in surveys. New York: Wiley; 1987.

Solomon DH, Katz JN, Cabral D, Patrick AR, Bukowski JF, Coblyn JS. Osteoporosis management
in patients with rheumatoid arthritis: Evidence for improvement. Arthritis Rheum. 2006; 55:873-7.
[PubMed: 17139663]

Solomon DH, Katz JN, Jacobs JP, La Tourette AM, Coblyn J. Management of glucocorticoid-
induced osteoporosis in patients with rheumatoid arthritis: rates and predictors of care in an
academic rheumatology practice. Arthritis Rheum. 2002; 46:3136-42. [PubMed: 12483716]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 May 01.


http://www.shef.ac.uk/FRAX

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ozen et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 11

Gamez-Nava JI, Zavaleta-Muniz SA, Vazquez-Villegas ML, Vega-Lopez A, Rodriguez-Jimenez
NA, Olivas-Flores EM, et al. Prescription for antiresorptive therapy in Mexican patients with
rheumatoid arthritis: is it time to reevaluate the strategies for osteoporosis prevention? Rheumatol
Int. 2013; 33:145-50. [PubMed: 22238026]

Watt J, Thompson A, Le Riche N, Pope J. There is still a care gap in osteoporosis management for
patients with rheumatoid arthritis. Joint Bone Spine. 2014; 81:347-51. [PubMed: 24703625]

Furuya T, Hosoi T, Saito S, Inoue E, Taniguchi A, Momohara S, et al. Fracture risk assessment and
osteoporosis treatment disparities in 3,970 Japanese patients with rheumatoid arthritis. Clin
Rheumatol. 2011; 30:1105-11. [PubMed: 21484222]

Balasubramanian A, Tosi LL, Lane JM, Dirschl DR, Ho PR, O’Malley CD. Declining rates of
osteoporosis management following fragility fractures in the U.S., 2000 through 2009. J Bone
Joint Surg Am. 2014; 96:e52. [PubMed: 24695929]

Curtis JR, McClure LA, Delzell E, Howard VJ, Orwoll E, Saag KG, et al. Population-based
fracture risk assessment and osteoporosis treatment disparities by race and gender. J Gen Intern
Med. 2009; 24:956-62. [PubMed: 19551449]

Buckley L, Guyatt G, Fink HA, Cannon M, Grossman J, Hansen KE, et al. 2017 American College
of Rheumatology Guideline for the Prevention and Treatment of Glucocorticoid-Induced
Osteoporosis. Arthritis Rheumatol. 2017 Jun 6. [Epub ahead of print]. doi: 10.1002/art.40137

Curtis JR, Westfall AO, Allison JJ, Becker A, Casebeer L, Freeman A, et al. Longitudinal patterns
in the prevention of osteoporosis in glucocorticoid-treated patients. Arthritis Rheum. 2005;
52:2485-94. [PubMed: 16052570]

Duyvendak M, Naunton M, Atthobari J, van den Berg PB, Brouwers JR. Corticosteroid-induced
osteoporosis prevention: longitudinal practice patterns in The Netherlands 2001-2005. Osteoporos
Int. 2007; 18:1429-33. [PubMed: 17323108]

Majumdar SR, Lix LM, Yogendran M, Morin SN, Metge CJ, Leslie WD. Population-based trends
in osteoporosis management after new initiations of long-term systemic glucocorticoids (1998-
2008). J Clin Endocrinol Metab. 2012; 97:1236-42. [PubMed: 22298803]

Saag KG, Gehlbach SH, Curtis JR, Youket TE, Worley K, Lange JL. Trends in prevention of
glucocorticoid-induced osteoporosis. J Rheumatol. 2006; 33:1651-7. [PubMed: 16845707]

Curtis JR, Westfall AO, Allison J, Becker A, Melton ME, Freeman A, et al. Challenges in
improving the quality of osteoporosis care for long-term glucocorticoid users: a prospective
randomized trial. Arch Intern Med. 2007; 167:591-6. [PubMed: 17389291]

Jha S, Wang Z, Laucis N, Bhattacharyya T. Trends in Media Reports, Oral Bisphosphonate
Prescriptions, and Hip Fractures 1996-2012: An Ecological Analysis. J Bone Miner Res. 2015;
30:2179-87. [PubMed: 26018247]

Khosla S, Shane E. A Crisis in the Treatment of Osteoporosis. J Bone Miner Res. 2016; 31:1485-
7. [PubMed: 27335158]

Gillespie CW, Morin PE. Trends and disparities in osteoporosis screening among women in the
United States, 2008-2014: Declines in utilization among women 50 to 64 years old and persistent
underutilization among women 65 and older. Am J Med. 2017; 130:306-316. [PubMed:
27884649]

Hayes BL, Curtis JR, Laster A, Saag K, Tanner SB, Liu C, et al. Osteoporosis care in the United
States after declines in reimbursements for DXA. J Clin Densitom. 2010; 13:352-60. [PubMed:
21029972]

McClung M, Harris ST, Miller PD, Bauer DC, Davison KS, Dian L, et al. Bisphosphonate therapy
for osteoporosis: benefits, risks, and drug holiday. Am J Med. 2013; 126:13-20. [PubMed:
23177553]

Lewiecki, EM., Curtis, JR., Gagel, R., Saag, K., Singer, A., Siris, ES., et al. Hip Fractures and
Declining DXA Testing: At a Breaking Point?; American Society for Bone and Mineral Research
(ASBMR) 2016 Annual Meeting [Abstract];

Aizer J, Reed G, Onofrei A, Harrison MJ. Predictors of bone density testing in patients with
rheumatoid arthritis. Rheumatol Int. 2009; 29:897-905. [PubMed: 19104820]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ozenetal. Page 12

49. Leslie WD, Morin S, Lix LM, Johansson H, Oden A, McCloskey E, et al. Fracture risk assessment
without bone density measurement in routine clinical practice. Osteoporos Int. 2012; 23:75-85.
[PubMed: 21850546]

50. Siris ES, Adler R, Bilezikian J, Bolognese M, Dawson-Hughes B, Favus MJ, et al. The clinical
diagnosis of osteoporosis: a position statement from the National Bone Health Alliance Working
Group. Osteoporos Int. 2014; 25:1439-43. [PubMed: 24577348]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ozen et al.

Page 13

SIGNIFICANCE and INNOVATIONS

. This large US-wide observational study is the first to examine the proportion
of rheumatoid arthritis (RA) patients who require osteoporosis (OP) treatment
according to the 2010 ACR glucocorticoid-induced osteoporosis and 2014
National Osteoporosis Foundation management guidelines.

. About half of the RA patients were estimated to be at risk for fracture to
warrant OP by both of the guidelines, but less than half ever received any OP
treatment.

. OP practices in RA patients were not better compared to OA patients after

accounting for differences in baseline fracture risk factors and the relative risk
of undergoing OP treatment or screening has been decreasing since 2008 both
in RA and OA patients.
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Figure 1.
Trends over time in patients with rheumatoid arthritis and osteoarthritis

a) Osteoporosis treatment and screening (any osteoporosis treatment or BMD testing)
b) ACR-recommended osteoporosis treatment and screening
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Table 1

Baseline characteristics of patients with rheumatoid arthritis and osteoarthritis™

el
Age, years 59.3+13.1 65.8+11.2 <0.001
Age distribution, % <0.001
<40 years 8.1 15
40-50 years 14.8 6.4
51-64 years 42.2 38.5
265 years 349 53.6
Women, % 80.4 82.6 0.007
Postmenopausal, % 66.6 77.9 <0.001
Men age=>50 years, % 17.1 16.4 <0.001
Non-Hispanic Caucasians, % 92.9 95.2 <0.001
Education level, years 13923 142423 <0.001
Disease duration, years 15.1+124 16.7 +13.1 <0.001
HAQ (0-3) 1.1+07 1.0+0.7 0.219
BMI, kg/m? 28.4+6.8 29.7+71 <0.001
Rheumatic Disease Comorbidity Index (0-9) 1.7+16 19+15 <0.001
Ever-smoked, % 44.8 38.6 <0.001
MTX-ever, % 72.5 - -
Any TNFi-ever, % 41.2 - -
Any non-TNFi bDMARDs-ever, % 7.4 - -
Glucocorticoid-ever used 66.3 25.7 <0.001
Patterns of prednisone use, %
Duration, median (IQR) months | 21.0 (6.0-72.0) | 3.0 (1.0-16.0) <0.001
Dosage, median (IQR) mg/day | 5.0 (5.0-10.0) 5.0 (5.0-10.0) 0.921
Cumulative dose, median (IQR) g | 4.5(1.2-12.4) 0.9 (0.3-7.5) <0.001
10-year MOF risk by FRAX, median (IQR) % 10,5 (5.5-18.7) | 10.5(6.2-17.8) | 0.364
10-year MOF risk categories by FRAX, % <0.001
Low (<10%) 47.8 47.4
Medium (10-20%) 29.7 32.9
High (>20%) 224 19.7
10-year hip fracture risk by FRAX (%), median (IQR) % 1.6 (0.5-5.1) 1.9 (0.6-5.2) 0.002
Hip fracture risk categories by FRAX, % 0.006
Low-Medium (<3%) 63.8 61.9
High (=3%) 36.2 38.1
Prior fragility fracture, % 29.7 28.9 0.397
Prior diagnosis of osteoporosis, % 25.4 27.4 0.026
Age at osteoporosis diagnosis, years 619+11.7 66.4 +10.9 <0.001
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BMD testing, % 21.2 21.3 0.958
Calcium and/or Vitamin D supplementation, % 43.6 455 0.055
OP specific medications, % 31.4 31.0 0.665
Bisphosphonates 16.9 13.2 <0.001

Hormone replacement therapy 15.8 174 0.006

Raloxifene 23 35 <0.001

Teriparatide 0.01 0.01 0.826

*
The values are presented as mean+ SD unless indicated otherwise.

RA= Rheumatoid arthritis; OA= Osteoarthritis; HAQ= Health assessment questionnaire; BMI= Body mass index; MTX= Methotrexate; TNFi=
Tumor necrosis factor-a inhibitors; bDMARDs= Biologic disease modifying antirheumatic drugs; IQR=Interquartile range; FRAX= Fracture risk

assessment tool; OP= Osteoporosis; BMD=Bone mineral densitometry.
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Crude incidence rates for osteoporosis treatment and screening in patients with rheumatoid arthritis and

osteoarthritis

Table 2

Entire cohort

Patients without BMD testing or
any OP treatment at baseline

RA patients, OA patients, RA patients, OA patients,
N=11,669 N=2,829 N=6,611 N=1,617

Follow-up, median (IQR) years 5.5(2.3-9.0) 5.5(2.1-9.1) 5.1 (2.0-8.7) 5.3(1.8-8.9)
OP treatment and/or screening (OPTS)
Total events, % 67.4 64.6 42.5 38.0
Person-years 22,116 5,225 19,577 4,619
Incidence rate (95% CI) per 100 person-years | 35.6 (34.8-36.4) | 34.9 (33.4-36.6) | 14.3(13.8-14.9) | 13.3 (12.3-14.4)
ACR-recommended OP-treatment and/or screening (OPTS-ACR)
Total events, % 61.8 56.7 39.6 34.6
Person-years 25,601 6,362 12,563 2,891
Incidence rate (95% CI) per 100 person-years | 28.2 (27.5-28.8) | 25.2 (24.0-26.5) | 12.9 (12.5-13.5) | 11.7 (10.7-12.7)

*
Anti-OP treatment does not include calcium and/or vitamin D supplementation.

Page 17

OP=0steoporosis; RA= Rheumatoid arthritis; OA= Osteoarthritis; IQR=Interquartile range; OPTS=0Osteoporosis treatment and screening; ACR=
American College of Rheumatology; OPTS-ACR=ACR-recommended OP treatment and screening
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Table 3

Calcium/vitamin D supplementation, BMD testing, and osteoporosis treatment frequencies in patients with

rheumatoid arthritis and osteoarthritis in the entire follow-up

RA patients | OA patients | P value
All patients, N 11,669 2,829
Calcium and/or vitamin D supplementation, % 63.9 66.4 <0.001
BMD testing, % 57.8 54.1 <0.001
Any OP treatment, % 44.0 421 0.063
Any ACR recommended OP treatment 26.4 21.2 <0.001
Any OP treatment excluding HRT 30.1 253 <0.001
Postmenopausal women and men age=50 years who ever exposed to GC, N (%) | 7,434 (63.7) 894 (31.6)
Calcium and/or vitamin D supplementation, % 69.8 73.1 0.038
BMD testing, % 65.4 62.2 0.058
Any OP treatment, % 50.5 475 0.093
Any ACR recommended OP treatment, % 32.3 24.5 <0.001
Any OP treatment excluding HRT 36.4 29.2 <0.001
High-risk patients by 10-year MOF FRAX score, N (%) 2,619 (22.4) 557 (19.7)
Calcium and/or vitamin D supplementation, % 80.4 82.2 0.324
BMD testing, % 73.7 68.2 0.008
Any OP treatment, % 65.6 62.8 0.221
Any ACR recommended OP treatment 49.6 42.6 0.002
Any OP treatment excluding HRT 54.9 49.6 0.020
OP treatment candidates by the 2010 ACR GIOP guideline, N (%0) 5,646 (48.4) 497 (17.6)
Calcium/vitamin D supplementation, % 718 77.4 0.013
BMD testing, % 69.3 70.4 0.106
Any OP treatment, % 54.9 55.5 0.845
Any ACR-recommended OP treatment, % 374 38.4 0.006
Any OP treatment excluding HRT 41.8 39.6 0.021
OP treatment candidates by the 2014 NOF guideline, N (%) 5,748 (49.3) | 1,455 (51.4)
Calcium and/or vitamin D supplementation, % 71.9 725 0.646
BMD testing, % 66.7 62.1 <0.001
Any OP treatment, % 54.5 49.8 <0.001
Any ACR recommended OP treatment, % 37.7 29.9 <0.001
Any OP treatment excluding HRT 425 35.7 <0.001

RA= Rheumatoid arthritis; OA= Osteoarthritis; BMD=Bone mineral densitometry; OP=Osteoporosis; ACR= American College of Rheumatology;
HRT= Hormone replacement therapy; GC=Glucocorticoid; MOF= Major osteoporotic fracture; FRAX= Fracture risk assessment tool;

GIOP=Glucocorticoid induced osteoporosis; NOF= National Osteoporosis Foundation.
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