Handling editor Josef S
Smolen

» Additional supplemental
material is published online
only. To view, please visit the
journal online (http://dx.doi.
org/10.1136/annrheumdis-
2022-222339).

For numbered affiliations see
end of article.

Correspondence to
Professor Frank Buttgereit,
Department of Rheumatology
and Clinical Immunology,
Charité — Universitatsmedizin
Berlin, corporate member of
Freie Universitat Berlin,

Humboldt-Universitat zu Berlin,

and Berlin Institute of Health,
Berlin, Germany;
frank.buttgereit@charite.de

Received 11 February 2022
Accepted 8 May 2022
Published Online First

9 June 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. No
commercial re-use. See rights
and permissions. Published
by BM.

To cite: Wiebe E,
Huscher D, Schaumburg D,
et al. Ann Rheum Dis
2022;81:1313-1322.

EPIDEMIOLOGICAL SCIENCE

Optimising both disease control and glucocorticoid
dosing is essential for bone protection in patients

with rheumatic disease

Edgar Wiebe,' Dorte Huscher,” Désireé Schaumburg,' Andriko Palmowski,'

Sandra Hermann,' Thomas Buttgereit,** Robert Biesen @,
"' Yannick Palmowski,® Maarten Boers © |,
%9 Frank Buttgereit

Gerd-Rudiger Burmester
John H Stone © ,’ Christian Dejaco

ABSTRACT

Objectives Inflammatory rheumatic and
musculoskeletal diseases (iIRMDs) are associated with
increased systemic bone loss that is mediated by chronic
inflammation, treatment with glucocorticoids (GCs) and
other factors. Our objective was to analyse the impact
of variables that influence osteoporosis (OP) in patients
with iRMD treated with GC.

Methods Rh-GIOP (acronyme) is a prospective
observational cohort study investigating bone health

in consecutive patients with iRMD and current or prior
GC treatment. We present an analysis of the patients’
baseline data here. Bone mineral density (BMD)
measured by dual X-ray absorptiometry was the primary
outcome. Multivariable linear regression models were
performed to identify variables associated with BMD.
Results Data from 1066 patients with iRMD were
analysed. GC doses of <5 mg prednisone equivalent per
day, cumulative dose and duration of GC therapy were
not associated with negative effects on BMD. Dosages
of =5 mg/day lost their negative association with BMD
after adjustment for confounders. When subanalysing
patients with exactly 5 mg/day, no negative effect was
seen. For patients with rheumatoid arthritis (RA), GC
doses of >7.5 mg/day showed a negative association
with BMD overall, but this effect seemed to be specific
only to patients with moderate or high disease activity
(Disease Activity Score 28—C reactive protein >3.2).
Conclusions GCs of <5 mg/day did not seem to be
associated with a reduction of BMD in patients with
iRMD and current or prior exposure to GC. This is most
likely due to the dampening of inflammation by GC,
which exerts a mitigating effect on the risk of OP. In

RA, current GC doses of >7.5 mg/day were negatively
associated with BMD, but only in patients with moderate
to high disease activity.

Trial registration number NCT02719314.

INTRODUCTION

Glucocorticoids  (GCs) exert powerful anti-
inflammatory and immunosuppressive effects' 2 and
are widely used to treat inflammatory rheumatic
diseases (eg, rheumatoid arthritis (RA), vascu-
litis, lupus and inflammatory myopathies). In
addition to their beneficial effects on reducing
inflammation, GCs are also associated with many
well-known adverse effects. Their use often elicits
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with inflammatory rheumatic and
musculoskeletal diseases (IRMD) have an
increased risk of osteoporosis and fragility
fractures. The influence of glucocorticoid (GC)
therapy on this risk has been controversial for
years.

WHAT THIS STUDY ADDS

= In this large cross-sectional study of patients
previously or currently exposed to GCs, doses of
<5 mg/day prednisone equivalent did not seem
to be associated with negative effects on bone
mineral density (BMD).

= Higher daily GC dosages lost their negative
association with BMD after adjustment for
confounding factors.

= In patients with rheumatoid arthritis, GC doses
of >7.5 mg/day seemed to be negatively
associated with BMD only in combination with
moderate or high disease activity.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY

= GCs should be used in an optimum dose,
titrated with both benefit and harm in mind, in
order to achieve remission and to support bone

health in patients with iRMD.

fierce debates on the benefit—risk profile.> Among
the most worrisome and unwanted effects of GC
therapy is osteoporosis (OP).* Despite the common
use of these drugs, now employed for the treatment
of inflammatory diseases for more than 70 years,
there remain many unanswered questions about
their use, such as the following: is there a safe (long-
term) dose for bone? what is the dose-dependent
effect size of GC therapy on bone health compared
with other influencing factors?

This study focuses on ‘glucocorticoid-induced’
osteoporosis (GIOP), the most common form of
secondary OP’ This condition affects up to one-
third of GC-treated patients suffering from inflam-
matory rheumatic and musculoskeletal diseases
(iIRMDs).° The deleterious bone effects of GC at
dosages above 10 mg/day of prednisone equivalent

BM)
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Figure 1

Protective and risk factors for osteoporosis-related bone health. This figure illustrates selected factors influencing bone health according

to current evidence but is not meant to be exhaustive. + indicates that the factors exert a protective effect on bone; — indicates a negative impact on
bone health. Font size reflects presumed importance. ACPA, anticitrullinated protein antibody; PP, proton pump inhibitor; RA, rheumatoid arthritis.

for prolonged periods are undisputed.” In recent years, however,
it has been recognised that overall bone health on GC treat-
ment is actually a result not only of the dose and duration of
GC treatment, but also of several highly interactive factors that
impact the potential for OP both positively and negatively (see
also online supplemental box $1).*? For instance, inflammation
also has deleterious effects and, in turn, is dampened by GC. In
patients with iRMD, the net effect of GC treatment is modified
by other factors such as inflammatory activity, age, regular exer-
cise (which, in turn, is also determined by disease activity and
pain), menopausal status, vitamin D levels and current therapy
of both the underlying disease and OP (figure 1).

This background was the driving force to initiate the
Inflammatory Rheumatic and Musculoskeletal Diseases and
Glucocorticoid-Induced Osteoorosis (Rh-GIOP) open cohort
study in 2015. Its aim is to examine the effects of protective and
risk factors contributing to bone health in iRMD in a compre-
hensive manner, including ‘old” as well as ‘new’ antirheumatic
and antiosteoporotic therapies. We present the results of the first
analysis of baseline data including more than 1000 patients.

METHODS

Study design and patient involvement

Rh-GIOP is an ongoing single-centre open cohort study designed
to collect and analyse disease-related and bone-related data from
patients with iRMD with prior or current exposure to GC.
We partnered with a patient representative from the Deutsche
Rheuma-Liga to centre our research outcomes and questionnaire
on patients’ preferences. Patients receiving longitudinal care at
the inpatient or outpatient clinic of the Department of Rheu-
matology and Clinical Immunology of Charité University Medi-
cine are eligible. Data collection started in July 2015, and data
are entered into an access database (programmed by Medikadat,
Leverkusen, Germany). Five years of data extending through
July 2020 are included.

Eligibility criteria

Inclusion criteria include (1) age at least 18 years, (2) clinical
diagnosis of an iRMD, (3) current or previous treatment with
GC, and (4) eligibility for OP diagnostics as recommended

by the Dachverband Osteologie (http://dv-osteologie.org; see
online supplemental box S2).

Key exclusion criteria: (1) pregnancy or lactation and (2)
inability to provide informed consent for any reason (for full
description, see online supplemental table S1).

Data collection
Data collected on each patient are summarised in table 1.

Bone densitometry

Bone mineral density (BMD) was measured at the lumbar
spine and bilateral proximal femur by dual X-ray absorptiom-
etry (DXA). All participants were scanned on Lunar Prodigy
bone densitometers (GE Medical Systems Lunar Corporation,
Madison, Wisconsin, USA) per manufacturer recommendations
and analysed with enCORE Software. The results are presented
as T-scores. Scores <—1.0 to >—2.5 were classified as osteo-
penic (‘low bone mass’) and <—2.5 osteoporotic.

Statistical analysis

The primary outcome was BMD expressed by the T-score, more
specifically, the lowest (minimum) T-score measured at either the
lumbar spine (L1-L4), the left and right femoral neck or total
hip. Secondary outcomes were the lowest T-score of the indi-
vidual lumbar vertebrae (L1-L4) and the lower T-score obtained
at the left and right femoral neck. To identify variables associated
with the T-score, multivariable linear regression models were
formed that included a full set of factors preselected according
to published evidence, medical and clinical expertise and subcat-
egorised into factors known to have an impact on bone health
(online supplemental table S2). Our aim was data mining but not
a specific regression model, to identify variables strongly associ-
ated with the respective T-scores out of a large pool of potential
factors competing in one model. The full model, including non-
significant variables, is reported. In addition, we performed a
sensitivity analysis that excluded patients treated with anti-OP
drugs (bisphosphonates, denosumab and teriparatide). Collin-
earity between explanatory variables was ignored. Multiple
imputation with 10 replications were used to address missing
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Table 1

Demographics and

general information and socioeconomic status

Data collected in each patient (by questionnaire and measurements)

Age, sex, BMI, smoking status, alcohol consumption, type and frequency of physical exercise, exposure to direct sunlight, daily calcium intake, use of care services

Description of GC therapy Current GC dose, mean daily GC dose, cumulative (lifetime) GC dose* and duration of GC therapy
Description of underlying  Onset of disease, current disease activity (DAS28—ESR, DAS28—CRP, CDAI, SDAI, SLEDAI, BASDAI, BASMI, BVAS, concomitant diseases and organ manifestation of

disease

iRMD (such as diabetes, hypertension, stroke, cancer, pericarditis in SLE, lung fibrosis in systemic sclerosis, etc), selected patient-reported outcomes (pain according

to numerical rating scale, health assessment questionnaire, bath ankylosing spondylitis functional index), and past and current antirheumatic drugs

General bone-relevant
parameters pump inhibitors)
Clinical bone-relevant
parameters

Vitamin D and calcium supplementation, treatment with antiosteoporotic drugs, treatment with drugs having a known or potential impact on bone (eg, proton

Family history of osteoporosis/osteoporotic fractures, frailty assessment (timed-up-and-go test, chair-rising test and tandem stand), back pain, prior low-trauma
vertebral and non-vertebral fractures,t date of fracture, management of fractures, fracture sequalae, weight loss, loss of height, past falls, risk assessment of falls,

back pain, menarche/menopause/pregnancies/lactation/past use of hormone-based contraceptives

Technical bone-relevant

parameters measured by DXA and TBS

Routine laboratory parameters such as calcium, phosphate, vitamin D levels (1, 25 and 25), iPTH, bone alkaline phosphatase, crosslinks and other, BMID/T-score

Parameters in italic were retrieved through measurements. All other parameters were assessed through a questionnaire. When patients were not able to provide full or detailed information, patient

charts were used to complement the investigated parameters.

*Cumulative GC dose was calculated meticulously from patients’ self-reported dose and duration of GC therapy with the help of supplemental data retrieved from patient charts.
tHistory of fractures was self-reported and verified from patient charts, if available. Fractures were adjudicated under osteoporotic fractures when having occurred due to inadequate trauma or fall

from standing height.

BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; BMD, bone mineral density; BMI, body mass index; BVAS, Birmingham Vasculitis
Activity Score; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAS28, Disease Activity Score 28; DXA, dual-energy X-ray absorptiometry; ESR, erythrocyte sedimentation rate; GC,
glucocorticoid; HAQ, Health Assessment Questionnaire; iPTH, intact parathyroid hormone; iRMD, inflammatory rheumatic and musculoskeletal disease; SDAI, Simplified Disease Activity Index;

SLEDAI, Systemic Lupus Erythematodes Disease Activity Index; TBS, trabecular bone score.

data. Variables categorised a priori as having weak effects on
BMD were excluded if values were missing in more than 30%
of the patients. Exceptions were made for alanine transaminase
(31% missing), alkaline phosphatase (32%) and urinary deoxy-
pyridinoline (34%) due to their known relevance as laboratory
markers for the assessment of bone health.

To explore the impact of current GC dose on the T-score, three
commonly discussed GC threshold doses were tested as binary
variables in separate multivariable models: <5, <5 and <7.5
mg/day prednisone equivalent. Subdivisions at doses below 5
mg/day were not feasible due to low case numbers. The models
with the lowest cut-off with significant impact for any of the
considered T-scores are reported. The following categorical vari-
ables were analysed in three models: (1) in crude models without
any adjustment; (2) in models adjusted for age, sex, menopause,
body mass index (BMI), disease duration, alkaline phosphatase,
and the use of denosumab and bisphosphonates; and (3) in
models specifically adjusted for those variables retained from the
data mining processes after backward selection. The results are
displayed in forest plots for comparison. Because the majority of
patients received 5 mg/day, another categorisation of current GC
dose was analysed in the process described previously with ‘no
GC’, >0 mg/day to <5 mg/day’, ‘5 mg/day’ and ‘>5 mg/day’,
with a specific focus on 5 mg/day.

Currently, no generic clinical composite score of iRMDs is
available to assess the influence of disease activity on BMD. For
patients with RA—the largest patient subgroup—the DAS28-
CRP as a specific composite score of disease activity was avail-
able in 93% of individuals. The interplay of GC dose and disease
activity on the lowest T-score was explored with a combination
variable of dose and activity in a separate model including all
variables that were significant in the prior model selection for
patients with RA. Apart from RA, the number of scored patients
in individual disease groups was too small to perform a subgroup
analysis for associations between composite score and BMD.

In order to investigate the impact of anticitrullinated protein
antibodies (ACPAs)/rheumatoid factor (RF), four variants of
possible singlets/combinations were considered in separate
multivariable linear regression models as described previously
(online supplemental table S3): (1) positive ACPA status, (2)
positive RF status, defined as either IgA or IgM positivity; (3)

double positive, defined as both positive ACPA and RF status;
and (4) double negative.

Values are reported as mean/SD for normally distributed
data and median/inner quartiles for non-normally distributed
continuous variables. Subgroup comparisons were performed by
non-parametric tests for continuous variables and x> tests for
categorical variables. P values lower than 0.05 were considered
significant. Given the explorative nature of this study, no adjust-
ment for multiple testing was done. IBM SPSS Statistics V.27.0
was used for analysis.

RESULTS

A total of 1246 patients were enrolled, comprising >95% of
eligible patients (ie, those who met inclusion/exclusion criteria
after screening). Approximately 60% of the patients enrolled
were from the outpatient clinic, and the remainder were from
day or in-hospital care. Patients with the following iRMD were
included in the current analysis: RA (n=434), connective tissue
diseases (CTDs) (n=281), vasculitides (n=173) and spondy-
loarthritides, including psoriatic arthritis (n=178). Patients in
other disease groups, totaling 174, were excluded because of
low numbers in any individual disease group. Six patients were
excluded because of clinically manifest hyperparathyroidism,
leaving 1066 patients for the final analysis. The patients’ age
was 62 (=13) years, and 76% were women, of whom 89% were
postmenopausal (table 2). Further baseline characteristics are
summarised in tables 2—4, and details on disease, treatment and
bone health are listed.

Two-thirds were taking GC at baseline; the median daily dose
was 5 mg. OP, as indicated by the lowest measured T-score, was
present in 229% of patients and osteopenia in 49%; 31% had
fragility fractures. Of note, 24% of the latter group had normal
T-scores; 44% were osteopenic; and 32% osteoporotic. Overall,
43% had OP (12% OP by DXA, 21% by fragility fracture and
10% by both).

Prevalence of OP risk modifiers

Most patients had low CRP levels (median 2.3 mg/L, normal <5),
suggesting low systemic inflammatory activity. In patients with
RA, mean DAS28-CRP score was 2.7 (+1.3). Disease duration
in the entire cohort was 12 (£10) years, with mild to moderate
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Table 2 Demographics, GC therapy and bone status*t

All RA% CTD§ Vasculitides Spondyloarthritides**
N=1066 N=434 N=281 N=173 N=178
Demographics

Age (years) 62.2 (+13) 64.2 (+12) 57.5 (15) 67.6 (+12) 59.4 (+12)

Female patients 806 (76) 348 (80) 240 (85) 115 (67) 103 (58)

Menopause 706 (89) 314 (91) 193 (81) 111 (97) 88 (87)

BMI (kg/m?) 27.1 (£5.4) 27.7 (£5.6) 253 (£5.2) 26.6 (x4.4) 28.7 (£5.7)

GC therapy

Patients with current GCt1 therapy 705 (66) 311 (72) 201 (72) 150 (87) 43 (24)

Current GC dose (mg/day), median (IQ) 5.0 (5-10) 5.0 (4-8) 5.0 (5-10) 8.2 (5-30) 10.0 (5-40)
<2.5 (% of total current GC) 85(12) 48 (15) 17 (9) 16 (11) 4(9)
>2.5-4.9 75 (11) 40 (13) 20 (10) 11(7) 4(9)
5.0-7.4 285 (40) 143 (46) 92 (46) 41(27) 9(21)
7.5-10.0 108 (15) 41 (13) 38(19) 20 (13) 9(21)
>10.0 152 (22) 39(13) 34(17) 62 (41) 17 (40)

Cumulative GC dose (g)+# 18.2 (£24.7) 18.0 (+23.8) 23.4 (£26.3) 13.9 (+22.6) 12.9 (+26.0)

Duration of GC therapy (years) .2 (£8.8) 8.7 (£9.1) 10.5 (£9.1) .0 (£6.2) 6.1 (+8.2)

Bone status (T-score§§)

Spine —0.7 (£1.5) —0.8 (+1.5) -1.0 (x1.3) —0.6 (+1.5) —0.6 (+1.5)
Normal 512 (51) 205 (51) 116 (44) 91 (56) 100 (61)
Osteopenia 374 (38) 157 (39) 109 (41) 60 (37) 48 (29)

OopP 107 (11) 40 (10) 39(15) 1) 17 (10)

Left femoral neck =1.1(£1.1) -1.1 (£1.0) -1.2 (£1.2) -1.2 (£1.0) -0.9 (1.1)
Normal 395 (41) 155 (39 97 (38) 53 (34) 90 (54)
Osteopenia 486 (50) 196 (50) 135 (52) 89 (57) 66 (39)
opP 94 (9) 42 (11) 26 (10) 14 (9) 12 (7)

Right femoral neck -1.1 (x1.1) -1.1 (x1.1) -1.2 (x1.1) -1.2 (£1.0) -0.9 (x1.2)
Normal 395 (41) 156 (40) 96 (37) 58 (37) 85 (51)
Osteopenia 475 (49) 193 (40) 133 (51) 5 (54) 64 (38)

OopP 101 (11) 38 (10) 31(12) 4(9) 18(11)

Osteoporotic fractures{q
Vertebral 67 (6) 34 (8) 12 (4) 14.(8) 7(4)
Non-vertebral 290 (27) 124 (29) 70 (25) 41 (24) 55 (31)

*Categorical variables are presented as number and per cent of valid observations (%) unless otherwise noted.

tContinuous variables are presented as mean values with SD unless otherwise noted.
$RA comprises patients with seropositive and seronegative RA as well as late-onset RA.

§CTDs include patients with systemic lupus erythematosus, progressive systemic sclerosis, limited cutaneous systemic sclerosis, mixed CTD, polymyositis, undifferentiated CTD, antisynthetase
syndrome, eosinophilic fasciitis, inclusion body myositis, dermatomyositis, scleroderma with overlap RA and Sjogren'’s syndrome.

IVasculitides include polymyalgia rheumatica, giant cell arteritis, panarteritis nodosa, microscopic polyangiitis, granulomatosis with polyangiitis, eosinophilic granulomatosis with polyangiitis,
Cogan’s syndrome, anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis and undifferentiated vasculitis.

**Spondyloarthritides include psoriatic arthritis and ankylosing spondylitis.

t1GCs include both oral and intravenous application forms of prednis(ol)one, methylprednisolone and modified-release prednisone. All doses are given in prednisone equivalent.
$+Cumulative GC dose is an estimate calculated from information provided by the patient with the help of patient charts for the entire duration of GC therapy.

§§BMD and T-score are measured with GE Healthcare Lunar Prodigy DF+15629 dual X-ray absorptiometry scanner. Normal, >—

1.0; osteopenia, <—1.0; and >-2.5; OP, =-2.5.

9 History of fractures was self-reported and/or verified from patient charts, if available. In case of clinical suspicion of a vertebral fracture, a conventional X-ray examination was performed.
Fractures were adjudicated under osteoporotic fractures when having occurred due to inadequate trauma or fall from standing height.
BMD, bone mineral density; BMI, body mass index; CTD, connective tissue disease; GC, glucocorticoid; IQ, inner quartile; OP, osteoporosis; RA, rheumatoid arthritis.

disability (mean HAQ score 0.8, table 3). Fifty-one per cent
required (mostly low-level) support from care services. Some
patients were on antirheumatic or antiosteoporotic drugs at
baseline; others were not (table 4).

Factors associated with BMD
Age, male sex, menopause and HAQ were negatively associated
with T-scores. For laboratory parameters, only alkaline phos-
phatase (negative) and gamma-GT levels (positive) were associ-
ated with T-scores (all patients, online supplemental table S4A;
patients with RA, online supplemental table S4B; sensitivity
analysis excluding patients on anti-OP drugs, online supple-
mental table S4C).

Treatment with antiosteoporotic medication was strongly asso-
ciated with low T-scores at any site, with regression coefficients

of —0.42 for denosumab and —0.45 for bisphosphonates. Prior
vertebral (—0.39) and non-vertebral fractures were associated
with low BMD, with the latter, however, only at the femoral
neck (—0.53). Non-steroidal anti-inflammatory drugs were
positively associated with T-scores (+0.10) at the femoral neck,
while proton pump inhibitors (PPIs) were negatively associated
with the lowest T-score (—0.19) at all sites measured (online
supplemental table S4A).

All variables emerging in the three models were confirmed in
regression analyses with backward selection except for diabetes
and calcium supplementation for lumbar T-score (online supple-
mental table S5).

Of note, disease-modifying antirheumatic drug (DMARD)
use, including biological, conventional synthetic and targeted
synthetic agents, was not associated with an impact on BMD.
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Table 3 Risk factors for OP*t

All RA CTD Vasculitides Spondyloarthritides
N=1066 N=434 N=281 N=173 N=178
Disease activity
HAQ score 0.8 (+0.8) 0.9 (+0.8) 0.9 (+0.9) 0.6 (+0.8) 0.8 (+0.7)
S-CRP mgl/L (<5), median (IQR) 2.3(0.8-6.6) 2.4(0.8-6.7) 1.6 (0.7-4.9) 4.8(1.3-10.9) 2.0 (0.8-4.9)
RA-DAS28—-CRP score 2.7 (+1.3)
Disease duration (years) 11.9 (£10) 11.9 (£10) 12.8 (+9) 5.4 (+6) 17.2 (£13)
Use of care servicest 473 (51) 189 (49) 147 (59) 53 (36) 84 (57)
Age (years)
Age group
<50 164 (15) 43 (10) 80 (9) 12(7) 29 (16)
50-64 427 (40) 180 (42) 103 (27) 50 (29) 94 (53)
65-84 458 (43) 203 (47) 97 (25) 107 (62) 51 (29)
>85 17(2) 8(2) 1(<1) 4(2) 4(2)
Underweight (BMI <18.5 kg/m?) 28 (3) 8(2) 18 (6) 2(1) 0
Family history
opP 212 (27) 100 (30) 54 (25) 22 (19) 36 (33)
Osteoporotic fractures 101 (13) 44 (14) 28 (14) 13 (11) 16 (14)
Comedication
Proton pump inhibitors 468 (44) 175 (40) 138 (49) 98 (57) 57 (32)
NSAIDs 249 (23) 117 (27) 45 (16) 14 (8) 73 (41)
Antidepressants 75 (7) 18 (4) 38 (14) 6 (4) 13 (7)
Oral antidiabetics 61 (6) 26 (6) 4(1) 11 (6) 20 (11)
Insulin 49 (4) 19 (4) 9(3) 9(5) 12(7)
Antihyperuricaemic drugs 42 (4) 18 (4) 9(3) 8(5) 7(4)
Oestrogens (female patients only) 17 (2) 6(1) 7() 0 5(5)
Concomitant diseases§
Osteoarthritis 153 (14) 79 (18) 38 (14) 10 (6) 26 (15)
Diabetes 130(12) 56 (13) 16 (6) 26 (15) 32(18)
Dyslipidaemia 119 (11) 43 (10) 32 (11) 25(15) 19 (11)
Depression 94 (9) 39(9) 27 (10) 11 (6) 17 (10)
Renal insufficiency 76 (7) 21 (5) 22 (8) 25 (15) 8 (5)
Hyperuricaemia/gout 53 (5) 23 (5) 12 (4) 8(5) 10 (6)

*Categorical variables are presented as number and per cent of valid observations (%) unless otherwise noted.

tContinuous variables are presented as mean values with SD unless otherwise noted.

$Use of care services comprises any level of care received, including low-level support. The latter applied for most patients.
§Concomitant diseases: shown are diseases or medications that are either particularly common and/or variables considered to have a ‘weakly expected’ impact on the T-score. To avoid overfitting,
diseases or medications were not considered in our model when case numbers were low (such as history of transplantation, chronic obstructive pulmonary disease, antiepileptic therapy, heart

failure, aromatase inhibitors and hypogonadism).

BMI, body mass index; CTD, connective tissue diseases; HAQ, Health Assessment Questionnaire; NSAID, non-steroidal anti-inflammatory drug; OP, osteoporosis; RA, rheumatoid arthritis; S-CRP,

serum C reactive protein.

Impact of GCs on BMD

In the crude analysis of the effect of the current GC dose cate-
gorised as no GC, >0 mg/day to <5 mg/day, ‘5.0-7.5 mg/day’
and ‘>7.5 mg/day’, we found no differential effects on T-scores
between patients on current GC at doses below five and patients
not on GC. There were negative effects, however, in patients on
dosages >7.5 mg/day (figure 2). At the femoral neck, this effect
was already noticeable at dosages of 5.0-7.5 mg/day. However,
after adjustment for age, sex, menopause, BMI, disease duration,
alkaline phosphatase, and the use of denosumab and bisphos-
phonates, this effect was seen only for dosages of 5.0-7.5 mg/
day (for min- and min-/T-score femoral neck). When further
optimising adjustment to include only significant variables for
the respective score (online supplemental table S5), the effect
estimates shifted even closer to 0, suggesting no meaningful
impact of any GC dose (figure 2).

Similar results were obtained with the GC dose categorisation
no GC, >0 mg/day to <5 mg/day, 5 mg/day and >5 mg/day.
In the crude model the difference in T-score between 5 mg/day
compared with no GC use was significant only at the femoral

neck, persisting after predefined adjustment but disappearing
after specified adjustment.

As described in table 1, we also quantified the GC therapy
by estimating the cumulative dose and duration of GC therapy.
These did not show strong associations with T-scores.

Since approximately 15% of patients in our cohort received
anti-OP drugs at baseline (mostly bisphosphonates), we
performed a sensitivity analysis that excluded patients with
anti-OP drugs. This did not change our findings and conclusions
(online supplemental table S4C).

Impact of GCs, ACPA or RF, and the use of DMARDs on BMD in
patients with RA

In patients with RA, current GC doses of >5 mg per day had a
significant negative association with the lowest overall (—0.49)
and lumbar spine T-score (—0.77), together with age, meno-
pause, BMI, alkaline phosphatase, bisphosphonates, disease
duration, denosumab and male sex (compare online supple-
mental table $S4B). These results were confirmed at the higher
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Table 4 Factors with a confirmed or potential anti-OP effect and bone turnover markers*t

All RA CcTD Vasculitides Spondyloarthritides
N=1066 N=434 N=281 N=173 N=178
Treatment of underlying disease
csDMARDs# 637 (60) 288 (66) 210 (75) 81 (47) 58 (33)
Biologics 313 (29) 154 (36) 38 (14) 24 (14) 97 (55)
TNF-alpha antagonists§ (n, % of total biologics) 134 (43) 76 (49) 1(3) 0 57 (59)
IL-6R antagonists"] 47 (15) 33(21) 4(11) 10 (42) 0
Rituximab 57 (18) 25 (16) 18 (47) 14 (58) 0
Abatacept 23(7) 20 (13) 1(3) 0 2(2)
IL-17 and IL-12/23 antagonists** 38(12) 0 0 0 38 (39)
Belimumab 15 (5) 0 15 (40) 0 0
tsDMARDstt 26 (2) 18 (4) 1(<1) 0 7(4)
Antiosteoporotic therapy
Vitamin D supplementation 865 (81) 365 (84) 250 (89) 144 (83) 87 (49)
Calcium supplementation 51 (5) 24 (6) 18 (6) 6 (4) 3(2)
Bisphosphonatest# 124 (12) 60 (14) 31 (11) 29(17) 4(2)
Denosumab 32(3) 13 (3) 10 (4) 6 (4) 3(2)
Teriparatide 2(<1) 2(1) 0 0 0
Strontium ranelate 1(<1) 0 1(<1) 0 0
Behavioural
Sun exposure (>30 min/day) 490 (47) 218 (51) 111 (40) 82 (49) 79 (44)
Non-smoker (never) 540 (51) 214 (50) 171 (61) 85 (50) 70 (39)
Former smoker 347 (33) 138 (32) 71 (25) 72 (42) 66 (37)
Active smoker§§ 171 (16) 78 (18) 38 (14) 13(7) 42 (24)
No Alcohol consumption 487 (46) 216 (51) 141 (50) 72 (43) 58 (33)
Regular physical exercise 658 (63) 257 (61) 173 (63) 113 (67) 115 (67)
Laboratory tests
S-25-hydroxy vitamin D (nmol/L) (50-150), median (IQR) 80.0 (61-97) 78.2 (62-96) 85.8 (67.7-103) 86.4 (71.0-97.6) 67.7 (49.8-6.8)
Vitamin D deficiency{1 123 (14) 50 (11) 29 (13) 11(8) 43 (25)
S-osteocalcin (ng/mL) (11.0-46.0) 12.3 (8-18) 12.6 (9-17) 11.8 (8-17) 9.9 (7-16) 14.6 (11-21)
S-BAP (ug/L) (5.5-38.0) 16.9 (13-21) 17.2 (14-22) 15.3 (12-20) 15.0 (11-19) 19.3 (16-25)
S-AP (U/L) (35-130) 66 (66-81) 67 (56-82) 61 (50-75) 64 (54-84) 70 (60-86)
Gamma-GT (U/L) (5-61) 24 (17-39) 23 (16-36) 23 (15-35) 29 (19-48) 24 (17-44)
Urinary deoxypyridinoline (nmol/L) (<64) 43 (23-76) 48 (25-81) 35 (17-76) 39 (18-59) 47 (27-82)

* Continuous variables are presented as mean values with SD unless otherwise noted.

t Categorical variables are presented as number and per cent of valid observations (%) unless otherwise noted.
$csDMARDs include azathioprine, chloroquine, ciclosporin, cyclophosphamide, hydroxychloroquine, leflunomide, methotrexate, mycophenolate mofetil and sulfasalazine.
§TNF-alpha antagonists include adalimumab, certolizumab, etanercept, infliximab and golimumab, both originator products as well as biosimilars.

9IL-6R antagonists include tocilizumab and sarilumab.

**|L-17 and IL-12/23 antagonists include secukinumab, ixekizumab, guselkumab, brodalumab and ustekinumab.

++tsDMARDs include tofacitinib, baricitinib and apremilast.

+1Bisphosphonates include alendronate, ibandronate, risedronate, pamidronic acid and zoledronate.

§§Active smoking is a known risk factor for OP and is only listed in this table for completeness of information.

919Vitamin D deficiency is defined as serum 25-hydroxy vitamin D level below the lower range of normal <50 nmol/L.

csDMARD, conventional synthetic disease-modifying antirheumatic drug; CTD, connective tissue disease; Gamma-GT, gamma-glutamyltransferase; IL, interleukin; OP, osteoporosis; RA, rheumatoid
arthritis; S-AP, serum alkaline phosphatase; S-BAP, serum bone alkaline phosphatase; S-CRP, serum C reactive protein; TNF, tumour necrosis factor; tsDMARD, targeted synthetic disease-modifying

antirheumatic drug.

cut-off of >7.5 mg/day (—0.60 for the lowest T-score and —0.90
at the lumbar spine). However, in the interaction analysis of
GC with disease activity, T-scores seemed to be only negatively
affected in patients with moderate to high disease activity and
current GC doses of >7.5 mg/day (figure 3). In other words,
doses of 5 mg/day or above did not seem to be associated with
lower T-scores in patients either in remission or with low disease
activity. In a specific examination of the 5 mg/day group—the
largest subgroup—no negative effects were seen at any disease
activity level (remission/low —0.12, p=0.38, n=93; moderate/
high —0.35, p=0.051, n=45).

No impact of seropositivity for ACPA or RF on BMD was
found for any of the combinations explored in patients with RA
(online supplemental table S2).

DISCUSSION

In this study of patients with rheumatic disease with prior GC
exposure, current GC doses of <5 mg/day prednisone equiv-
alent did not seem to be associated with deleterious effects on
BMD. For higher GC doses, crude models showed negative asso-
ciations with lower BMD measured as lowest (minimum) T-score
either at the lumbar spine and/or femoral neck and/or total hip.
However, after adjusting for age, sex, menopause, BMI, disease
duration, alkaline phosphatase, and the use of denosumab and
bisphosphonates, these associations disappeared.

GC usage is seen as the main culprit for OP in iRMD."
Indeed, a multitude of observational studies have found correla-
tions between current GC use and both low BMD and fracture
incidence.'™ One report, however, suggested that prednisone
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Figure 2

impact on min T-score impact on min T-score

Impact of the current GC dose on the lowest (min) T-score in all patients in linear regression using (1) a crude model only including GC

categories; (2) a multivariable model adjusted for age, sex, menopause, body mass index, alkaline phosphatase, disease duration, bisphosphonates
and denosumab; and (3) a multivariable model specifically adjusted for the variables that emerged in the data mining process and were confirmed
with backward selection for the respective T score (compare online supplemental table S5). The regression coefficient 3 and respective 95% Cls are
shown. Significant coefficients are highlighted in red. The size of the boxes indicates the case numbers, also shown in brackets, of the respective
groups; these are the rounded pooled case numbers of the 10 imputed data sets. For 'no GC' as the reference group, no coefficient was estimated. GC,

glucocorticoid.

was beneficial for femoral neck BMD in patients with RA with
concomitant adalimumab therapy.!* However, observational
research in GC, including our research here, is highly susceptible
to confounding/bias by indication." '® In other words, we know
that active inflammation itself deteriorates bone health, and
patients with the most active disease are precisely the patients
most likely to be treated with high doses of GCs.” V™" Thus,
a patient’s inherent inflammatory state may confound an accu-
rate determination of the specific effects of GC. Even if disease
activity is recorded and adjusted for, confounding may persist
because one patient may need a higher dose of GC to remain
at a certain disease activity level than another, and the motiva-
tion for a certain dose is usually not recorded. In our study, we
attempted to address this problem by broad and accurate data

remission/low / no GC (102) B
remission/low / <=5 mg/d (162) '
remission/low / >5-7.5 mg/d (14) ——
remission/low / >7.5 mg/d (37) ==
moderate/high / no GC (21) B
moderate/high / <=5 mg/d (64) —i—
moderate/high / >5-7.5 mg/d (5)
moderate/high / >7.5 mg/d (29) —

| | 1

-1 -05 0 05 1
impact on min T-score

Figure 3  Impact of the interaction of disease activity and current GC
dose on the lowest (min) T-Score in patients with rheumatoid arthritis
in multivariable linear regression. Adjusted for age, menopause, body
mass index, alkaline phosphatase, bisphosphonates, disease duratio,
denosumab and male sex (compare online supplemental table S4B).
Shown are regression coefficients 3 and respective 95% Cls. Significant
coefficients are highlighted in red. Yhe size of the boxes indicates the
case numbers, also shown in brackets, of the respective groups; these
are the rounded pooled case numbers of the 10 imputed data sets.

For ‘remission/low/no GC’ as the reference group, no coefficient was
estimated. GC, glucocorticoid; min, minimum.

collection and by adjusting for as many relevant influencing
factors as possible.

In RA, bone loss occurs even before clinical onset,?’ and the
risk of hip and vertebral fracture is doubled merely by the pres-
ence of RA (without GC).?! Previous work demonstrated that
small elevations of C reactive protein significantly increased the
risk of non-traumatic fractures.”? Therefore, in observational
research, disentanglement of the effects of disease activity and
GC (dose) is challenging if not impossible, despite adjustment
for these variables in statistical models. Pragmatic trials can solve
the confounding problem but cannot be continued long enough
to provide full information on long-term effects. Observational
studies complement clinical trials and may approach the truth if
they feature prospective, high-quality data collection and anal-
yses. Ideally, such observational studies include detailed informa-
tion on dosing over time and documentation of the motivation
for a certain dose and dose changes. The hurdles to achieving
such standards in observational studies are substantial.

In our patients with RA, daily intake of higher GC doses
seemed to be associated with lower T-scores only in the pres-
ence of moderate or high disease activity. Furthermore, our data
suggest that in the presence of remission or low disease activity,
there is no association between GC dose and low T-scores.
These results are consistent with findings from previous studies
that also failed to identify links between current or cumulative
GC dose and bone loss, vertebral fractures or trabecular bone
scores in chronic inflammatory disease.”>™ In contrast, Tong et
al recently reported the cumulative GC dose to be associated
with vertebral osteoporotic fractures in patients with RA*” but
did not properly adjust for factors with (potential) influence on
bone health. Other studies confirmed the association between
BMD loss and disease activity.”® *° Trials offer unconfounded
observations. In these, low-dose prednisone has clearly been
shown to provide a safe and more sustainable disease control in
conjunction with biological DMARDs compared with biological
DMARD regimens that do not include simultaneous, contin-
uous GC treatment.’’ Low-dose prednisone also prevents or
slows radiographic progression in patients with RA.*™% In
the recent Glucocorticoid Low-dose Outcome in Rheumatoid
Arthritis Study (GLORIA), in which patients with RA aged
65+ were treated with prednisolone § mg/day or placebo for 2
years, these beneficial effects were confirmed without relevant
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effects on bone health (Boers et al, Ann Rheum Dis, in press).
Current recommendations in rheumatology agree that the treat-
ment goal in iRMD should be remission. GCs continue to play
an important role, but their dosing must be optimised, that is,
titrated with a view toward both benefit and harm. In other
words, the dose of GCs should be as high as necessary but as low
as possible, and the dose must be re-evaluated frequently with an
eye toward optimisation. This approach achieves the dual goals
of tempering inflammation towards remission while supporting
bone health. Thus, at these low dosages, the anti-inflammatory
effects of GC can potentially counter their negative effects on
BMD.”

There is no optimal parameter for homogeneous measure-
ment of systemic inflammatory activity across all iRMDs, but
measurement of CRP allows a generic and feasible estimate.
It is, however, not perfect because (1) disease activity is not
always reflected as CRP elevation; and (2) CRP elevation may
have other causes. Nevertheless, associations between elevated
CRP levels with inflammation-related complications such as
cardiovascular disease and OP are well documented. Gulyas et
al recently reported in RA and ankylosing spondylitis an inverse
correlation of baseline CRP levels with BMD values both at base-
line measurement and after 12 months of treatment, suggesting
that baseline high-grade inflammation was associated with lower
BMD.**

Although RA is included as an independent risk factor in frac-
ture risk calculators such as the FRAX, the complexity of inter-
relating factors is often not adequately appreciated or addressed
analytically. For instance, bone loss is also a feature of many
other iRMDs.*> Moreover, analyses that focus on binary repre-
sentations of exposure to GC (eg, =5 mg/day, yes or no?) over-
simplify the question because the dosage categorisation is too
rough, and the impact of disease activity is excluded.>® Recent
efforts, however, have addressed this situation more defini-
tively. For example, the updated Japanese Society for Bone and
Mineral Research guidelines on GC-induced OP evaluate and
indeed weight fracture risk and treatment indication according
to GC dose categories of <5 mg/day, =5 mg/day to <7.5 mg/day
and >7.5 mg/day.’” The current German Osteoporosis Guide-
lines also specifically adjust fracture risk assessment in GC users
when RA is present (http://dv-osteologie.org).

As another result, we observed in our patients with RA with
long-standing disease that seropositivity for ACPA or RF was
not associated with negative effects on BMD, confirming recent
evidence®® *° and suggesting that ACPA positivity is associated
with low BMD in early RA only.*

Our study offers a more thorough understanding of non-GC
factors determining bone fragility in patients with iRMD. We
found a relatively high prevalence of reduced bone mass and
fragility fractures in our cohort, confirming previous epidemio-
logical studies.® Our study also confirms that older age, meno-
pause, prior vertebral and non-vertebral fractures, high AP levels,
and intake of PPIs are important risk factors for OP. Moreover,
our targeted data mining approach revealed some new findings.
First, in contrast to the well-known risks in postmenopausal
women,* *! we found that men with iRMD in particular had
low BMD. As male OP in general remains underdiagnosed and
undertreated, our findings suggest we should pay more attention
to the bone health of men with iRMD.* Second, we found that
in patients with iRMD, a higher BMI is associated with higher
T-scores.

In our cohort, 819% received vitamin D supplementation. Only
14% had vitamin D deficiency, which is lower than would be
expected in a random adult German population (about 3096).*

This might have been a relevant factor pertaining to the results
of our analysis about risk factors for OP in our cohort.

We did not find an association of DMARD use with an impact
on BMD. It should be noted, however, that we included in our
multivariable model several protective and potential harmful
factors whose strength of influence may be greater than that of
DMARD therapy. Second, our data are still limited with regard
to subanalyses of patients treated with, for example, anti-TNF or
IL-6R blocking agents.

Strengths of this study include a large sample size of patients
with a variety of iRMD and prospective state-of-the art collec-
tion of a very broad spectrum of data, increasing the level of
detail in the analysis. Our study also has some limitations. First,
we cannot derive causal relationships from our cross-sectional
study. The level of evidence will be improved by longitudinal
observations. Second, BMD alone may not fully account for the
elevated fracture risk in patients treated with GC as suggested by
Van Staa e al.** BMD is at best a surrogate for fragility fractures.
In our study, history of fractures was either self-reported and/or
verified from patient charts, if available. In case of clinical suspi-
cion of a vertebral fracture, a conventional X-ray examination
was performed. This approach holds the possibility that radio-
graphic morphometric vertebral fractures were missed, which is
why we did not consider fractures as a primary outcome param-
eter in this cross-sectional analysis. Concerning Trabecular Bone
Score (TBS), a meta-analysis demonstrated the combination of
BMD and TBS to provide a better estimation of fracture risk
than BMD (or BMD +FRAX) alone.* We started TBS measure-
ment in our cohort in July 2019. Consequently, the amount of
available data is still too small to allow for meaningful analysis.
Third, we conducted a pooled analysis of a variety of iRMDs.
While this increased statistical power, the actual benefits and
risks of certain factors may vary between diseases. A subgroup
analysis of patients with RA was performed and yielded similar
results compared with the overall cohort. Subgroup analyses
of other diseases were not yet performed due to the rather low
numbers of patients.

We conclude that in patients with iRMD, (1) both optimal
disease control, optimum GC doses and sufficient OP treatment
measures (such as normal vitamin D levels and appropriate use
of anti-OP drugs) are essential for bone protection, and (2) low
GC dosages (=5 mg/day), aimed at achieving sustained remis-
sion or low disease activity, are likely to be safe in terms of bone
health. A final conclusion is that a better term for GIOP might
be ‘GC-associated’ OP.
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