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Abstract
Osteoporosis is a frequent comorbidity in rheumatoid arthritis (RA). Due to the improved treatment options for RA, we expect 
a long-term decrease in osteoporosis as an accompanying disease. Data from the German National Database (NDB) were 
used to investigate whether the frequency of osteoporosis has changed in the last 10 years. From 2007 to 2017, approximately 
4000 patients were documented annually with data on therapy and comorbidity. The cross-sectional data were summarised 
descriptively. Age, sex, disease duration, disease activity and glucocorticoids were considered as influencing factors. The 
Cochrane-Armitage test for trend was used to test whether the frequency of osteoporosis at the first visit changed from 2007 
to 2017. Osteoporosis frequency in RA patients (mean age 63 years, 75% female) decreased from 20% in 2007 to 6% in 
2017 (p < 0.001). The decrease affected women (22% to 17%) and men (14% to 8%) in all age groups and both short-term 
(≤ 2-year disease duration: 9% to 3%) and long-term RA patients (> 10-year disease duration: 28% to 20%). Patients with 
high disease activity and patients who took glucocorticoids (GC) were more often affected by osteoporosis than patients 
in remission or without GC. Drug prophylaxis in patients without osteoporosis increased (20% to 41% without GC, 48% to 
55% with GC). Men with GC received less prophylactic treatment than women (48% vs. 57% in 2017). In this cohort, osteo-
porosis in patients with RA is less frequently observed compared to former years. RA-specific risk factors for osteoporosis 
such as disease activity and GC therapy have declined but long-term GC use is still present. Assessment of osteoporosis in 
RA patients should be investigated more consistently by bone density measurement. Male RA patients still need to be given 
greater consideration regarding osteoporosis drug prophylaxis, especially when GC therapy is needed.
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Introduction

Rheumatoid arthritis (RA) is often accompanied by other 
diseases. The prognosis and course of RA can be signifi-
cantly influenced by comorbidities and therapeutic options 
are often limited by comorbidities. Comorbidities in RA 
are associated with inflammatory activity, disease-related 
organ damage or medication [1]. They may be present 
before the onset of RA, develop during the course of the 
disease, associated with RA or iatrogenically induced [2]. 
Osteoporosis is a very common comorbidity in RA [3]. It 
is a strong risk factor for fractures due to the loss of bone 
density. In a population cohort of 47,000 RA patients, the 
risk of osteoporotic fractures was about 1.5 times as high 
as in people without RA [4]. Osteoporosis-related frac-
tures can contribute to loss of function, increased mor-
bidity and mortality and rising health care costs [5–7]. In 
addition to the general risk factors of osteoporosis, RA 
patients face additional risks if inflammatory activity is 
not sufficiently controlled and glucocorticoid therapy is 
needed.

The treatment of RA and the therapeutic options have 
improved significantly in recent years. This is mainly due 
to a better understanding of pathogenic mechanisms and 
the development of new drugs [8, 9]. Therefore, we can 
expect RA-associated osteoporosis to decrease with good 
disease control of RA.

In this context, possible changes in the frequency of 
osteoporosis in RA patients over the last 10 years were 
investigated. The data from the National Database of the 
German Collaborative Arthritis centers (NDB) allow 
investigating trends over a long period of time with a 
comparable patient collective. The research question of 
the study was whether RA-specific risk factors and the 
frequency of osteoporosis have changed in the last decade.

Patients and methods

In the NDB, data are continuously collected from rheu-
matological patient care. Every year, rheumatologist- and 
patient-reported data are collected [10]. The data on which 
this evaluation is based derive from 11 rheumatologist 
practices and 8 rheumatology centres.

For the present analysis, all patients with RA and avail-
able data on treatments and comorbidities were included. 
Cross-sectional data are presented from 2007 to 2017. The 
following patient parameters were considered for each 
year: age, sex, body mass index (BMI in kg/m2). Func-
tional limitation was assessed by the Hannover Functional 
Ability Questionnaire (FFbH), being transformed into 

health assessment questionnaire values (HAQ, 0 to 3 with 
0 representing full capacity) [11]. The disease-specific 
parameters and details of the therapy were documented by 
the rheumatologist. These are onset of symptoms, disease 
activity, measured by the Disease Activity Score (DAS28), 
a set of 20 comorbidities (yes/no) and therapy informa-
tion on glucocorticoids (GC), GC dose in mg prednisone 
equivalent per day, non-steroidal anti-inflammatory drugs 
(NSAIDs), conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs), biologic (b)DMARDs, 
medical osteoporosis prophylaxis (e.g. calcium and vita-
min D) and osteoporosis therapy (e.g. bisphosphonates 
but this is not further specified in the questionnaire). With 
regard to osteoporosis, rheumatologists indicate whether 
osteopenia, osteoporosis or osteoporosis with pathologi-
cal fracture is present (the appropriate one is ticked). No 
definition according to dual-energy X-ray absorptiometry 
(DXA) criteria is required, but the definition of osteopo-
rosis is within the responsibility of the rheumatologist. 
When marking osteopenia, it can be assumed that the DXA 
findings (T < − 1 and > − 2.5) are used as a criterion. Fur-
ther comorbidities of RA are also reported as present or 
not: degenerative joint disease, heart–lung disease, dia-
betes mellitus, thyroid disease, lipid metabolism disorder 
and kidney disease. Furthermore, it is queried whether 
a bone density measurement was carried out in the last 
12 months, respectively, ever.

Statistical analysis

Descriptive statistics (mean, standard deviation (SD) and 
percentages) were used to summarise patients’ characteris-
tics, disease activity, treatments and osteoporosis comorbid-
ity for each calendar year. To test whether the frequency of 
osteoporosis at the first visit changed over time, osteoporo-
sis frequencies from 2007 to 2017 were compared with the 
Cochrane–Armitage test for trend.

Ethics approval

The database received study approval from the ethics 
committee of the Charité—Universitätsmedizin Berlin 
(EA1/196/06) in February 2007.

Results

Patient characteristics

From 2007 to 2017, between 3500 and 5500 RA patients 
per year were included. Over the years, the proportion of 
female patients (75%), smoking (20%), average BMI (26 kg/
m2) and the proportion of underweight patients (BMI < 18.5: 
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2%) remained constant. The mean age (62 to 63 years) and 
disease duration (12 to 14 years) increased by 1.5–2 years 
(Table 1).

RA disease activity and functional status

The mean disease activity of RA, measured by DAS28, 
decreased from 3.1 to 2.8 (Table  2). The propor-
tion of patients with moderate to high disease activity 
(DAS28 > 3.2) decreased from 41 to 29% while the propor-
tion of patients in remission increased from 38 to 53%. The 
proportion of patients with clinically relevant functional 
impairment, measured by the HAQ > 1.5 decreased from 31 
to 25% (Table 2).

Treatments

Treatment with bDMARDs has increased from 18 to 27% 
while csDMARDs were used less often (71% to 58%). There 
was a significant decrease in the use of GCs (60% to 43%) 
but the proportion of patients with GC doses above 7.5 mg/d 
only decreased slightly (16% to 14%) and the mean duration 
of GC use remained 5 years. The proportion of patients who 
received NSAIDs remained stable (~ 40%).

Osteoporosis

From 2007 to 2017, the frequency of osteoporosis including 
patients at first visit decreased from 20% to 6% (p < 0.001). 
The proportion of patients with osteopenia remained at 
5%. Pathological fractures were documented in about 4% 
of patients who had osteoporosis. Other comorbidities (e.g. 
degenerative joint diseases, heart/lung diseases) did not 
decrease (Table 3). Overall, the number of patients with ≥ 3 
comorbidities increased (36% to 44%).

Osteoporosis was documented more frequently in women 
than in men and more often in older age groups (Fig. 1a, 
b). A decrease was observed irrespective of age and sex. 
Osteoporosis was frequent in patients with high disease 
activity (according to DAS28) and rare in patients in remis-
sion (Fig. 1c). Patients in remission had a consistently low 
osteoporosis rate of 12.8% over the years. In the group with 
medium and high disease activity, a declining trend was 
observed.

Osteoporosis was most frequent in patients with RA dis-
ease duration ≥ 10 years and lowest in those with a disease 
duration of 2 years or less. For all groups stratified by dis-
ease duration, the frequency of osteoporosis decreased, most 
markedly in the group with disease duration of more than 
10 years (Fig. 1d).

One in five patients under GC therapy was reported 
to have osteoporosis, and the proportion decreased only 
slightly (22% in 2007 and 19% in 2017). In patients Ta
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without GC therapy, osteoporosis was present in 12%. 
Osteoporosis was more common in patients with 
bDMARDs (18.5%) than in patients who did not receive 
bDMARDs (16.3%).

Osteoporosis prophylaxis and therapy

Drug prophylaxis in patients without osteoporosis 
increased (20% to 41% without GC, 48% to 55% with 
GC). Under GC therapy, women and men received osteo-
porosis prophylaxis more frequently (Fig. 2). Males with 
GC received prophylactic treatment less frequently than 
women (48% vs. 57% in 2017). However, the increase in 
prophylaxis was more pronounced for patients without GC 
(females 24% to 42% and males 10% to 31%).

Bone density measurement

The frequency of bone density measurements in the last 
12 months before recruitment decreased and in 2017, a 
measurement was reported in only 5% of patients. The fre-
quency of DXA ever performed increased, but remained 
below 50% until 2017. Bone density measurements were 
less frequently performed in younger age groups than in 
patients > 60 years (Table 4).

Discussion

In the 10-year trends from the NDB, we observe a decline 
of osteoporosis as a concomitant disease of RA com-
pared to other comorbidities among patients treated in the 

Table 2   Trends in RA-specific characteristics and osteoporosis

csDMARDs conventional synthetic disease-modifying anti-rheumatic drug; DAS28 Disease activity Score; HAQ Health Assessment Question-
naire, 0 representing full functional capacity; GC glucocorticoids, NSAIDS non-steroidal anti-inflammatory drugs; SD standard deviation

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

DAS-28, mean 3,1 3,1 2,9 2,9 2,9 2,9 2,9 2,8 2,7 2,7 2,8
 ≤ 2.6, % 38 40 46 45 45 47 47 50 51 53 53
2.6–3.2, % 21 21 20 20 19 20 20 20 21 19 17
3.2–5.1, % 22 20 18 18 19 19 19 18 16 16 26
 > 5.1 % 19 20 16 17 17 14 15 13 12 11 3
HAQ > 1.5,  % 31 30 30 30 28 27 28 27 26 26 25
Treatment
 csDMARDs,  % 71 69 66 66 64 63 62 61 61 59 58
 bDMARDs,  % 18 20 23 22 24 26 27 27 28 28 27
 NSAIDS,  % 41 37 42 43 39 38 39 41 42 38 35
 GCs,  % 60 58 57 55 52 52 50 48 47 45 43
 Thereof > 7.5 mg/d,  % 16 14 14 14 13 13 12 14 13 13 14
 Duration of intake of 

GCs in months, mean 
(SD)

61 (79) 59 (76) 61 (78) 59 (78) 59 (77) 61 (78) 62 (80) 59 (80) 58 (79) 58 (78) 58
(79)

Table 3   Osteoporosis and other 
comorbidities

All numbers are percentages

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Osteopenia – – 4 3 4 5 5 5 5 4 4
Osteoporosis 20 18 18 17 17 18 17 16 16 15 15
Thereof with fracture – – 3 3 4 4 4 4 4 4 3
Degenerative joint disease 16 18 18 20 19 21 23 22 21 20 20
Heart diseases 13 11 12 12 12 12 11 12 11 11 11
Chronic lung disease 9 9 8 9 10 10 10 11 11 10 11
Diabetes mellitus 11 10 11 12 11 11 11 12 11 11 10
Kidney disease 6 6 7 7 7 7 7 7 7 6 6
Fat metabolism disorder 9 9 11 11 11 11 11 11 10 10 10
≥ 3 comorbidities 36 35 41 44 44 46 47 48 46 45 44
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participating institutions. The distribution of general risk 
factors for the development of osteoporosis recorded in the 
NDB, such as age, sex, smoking and underweight, did not 
change during this period. The more frequent occurrence of 
osteoporosis in women and at an older age is well known, 
not RA specific and not modifiable. On the other hand, the 
connection between osteoporosis and disease activity in 
RA is of great importance. Due to the improved treatment 
options over the last 10 years, we now see more RA patients 
in remission or low disease activity. Compared to patients 
with high disease activity, they are less often reported to 

have osteoporosis. Lower frequency of osteoporosis and 
lower disease activity in later years could be attributed to 
treatment improvements and as a consequence of lower dis-
ability and higher physical activity. More frequent osteo-
porosis with increasing disease duration of RA can also be 
observed. However, statements about a causal relationship 
cannot be made due to the cross-sectional design. Innala 
et al. [12] showed a clear correlation between disease dura-
tion and osteoporosis incidence in their study population. 
They determined the prevalence at inclusion and after 
5 years in the same patients. After 5 years of illness, the 
incidence of osteoporosis had more than doubled (1.4% vs. 
3.7%). It could be assumed that due to the increasing dis-
ease duration of RA in the NDB, osteoporosis is also more 
frequent over the years. In fact, we observe a decrease over 
time suggesting that there are other important causal factors 
for this decrease.

In addition to disease activity, long-term or higher dose 
GC therapy plays an important role. In our data, patients 
with GC have osteoporosis 1.5 times as often as patients 
without GC. If patients can be brought into GC-free remis-
sion, osteoporosis may be reduced to a level comparable 
to that in the general population as it has been shown that 
patients in remission have a similar risk profile for the devel-
opment of osteoporosis as the general population [13]. The 

Fig. 1   Frequency of osteoporosis by a sex, b age, c disease activity and d disease duration

Fig. 2   Drug prophylaxis of osteoporosis (%)
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perception of the high risk of osteoporosis in RA result-
ing from both inflammatory activity and GC therapy has 
increased in recent years. In addition to the decline in GC 
therapies, we also see an increase in osteoporosis drug 
prophylaxis in RA patients without osteoporosis. Various 
studies have shown inadequate osteoporosis medication in 
RA [14]. In a retrospective cohort study [15], 38% of GC 
users were treated with osteoporosis drugs, 57% of women 
and only 9% of men. Especially men and premenopausal 
women remained undersupplied. The situation is similar for 
prophylactic treatment of GC patients. In the NDB, about 
60% of patients with GCs receive osteoporosis prophy-
laxis. For women, the proportion has doubled, for men even 
tripled. This could be an indication that sensitivity to the 
risk of osteoporosis in men has increased in recent years. 
Another reason could be that the patients included in the 
NDB are getting older, thus have a higher risk profile and 
receive appropriate prophylactic treatment in accordance 
with German and international guidelines [16, 17].

However, the long-term GC use and the remaining 
high GC doses in more than 10% of RA patients are risk 
profiles that need to be modified with today’s treatment 
options. It is known that the duration of GC intake can 
cause increased bone density loss. Van Staa et al. [18] 
reported that the risk of fracture decreases immediately 
after discontinuation of GC. In addition to the duration, 
the dose also affects bone density loss. A meta-analysis 
[19] demonstrated the positive correlation between cumu-
lative GC dose and low bone mass. Besides GC reduc-
tion, bone density measurement should be given a higher 
priority in the routine diagnosis of RA. The documented 
examinations in the NDB are insufficient and confirm 
that osteoporosis is not examined consistently enough by 
means of bone density measurement even in rheumatism 
centres [3]. However, we assume that some of the bone 
density measurements performed were not documented. 
Studies that measure the prevalence of osteoporosis using 
DXA measurements show significantly higher frequencies 

[20] than our analysis. Nationwide claims data from the 
PROCLAIR study also show a significantly higher fre-
quency of osteoporosis diagnosis compared to the NDB, 
which is 2.8 times as high as in persons with RA com-
pared to the general population [21]. In the early arthri-
tis cohort CAPEA, the frequency of osteoporosis after a 
2-year observation period was 25% in women and 15% in 
men (mean age women 55 years, men 58 years) [22]. In 
CAPEA, after 2 years of observation, the values of bone 
density measurements were explicitly asked for, so that 
these patients may have been examined more frequently.

Limitations

The presence of osteoporosis is based on information from 
rheumatologists, not on systematic diagnostic examina-
tions. However, our study lacks data on many traditional 
risk factors for osteoporosis, especially information on the 
contribution of menopause to bone loss. On the basis of 
the NDB, it is not possible to evaluate how many patients 
have an indication for bone density measurement. Also, 
low frequencies of BMD measurement especially in 
patients aged > 50 years in 2016 and 2017 may have led 
to an underestimation of osteoporosis in RA patients in 
later groups. The cross-sectional analyses cannot make any 
statements about temporal relationships between exposure 
and outcome. Furthermore, under-recording and undiag-
nosed comorbidities can represent a limitation since no 
further diagnostic criteria were queried. The presence of 
degenerative disease in > 20% of patients in later groups 
vs. less than 18% in 2007–2010 may also be a cause for 
underestimating osteoporosis, particularly lumbar spine 
osteoporosis. Analyses involving the GC dose could not 
be performed due to the cross-sectional design. The reason 
for this is that the available cross-sectional data cannot 
provide any information about the history of therapy, i.e. 
previous or cumulative doses.

Table 4   Osteoporosis treatments and bone density measurement

All numbers are percentages

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Drug prophylaxis (e.g. calcium + Vitamin D) 37 42 46 47 45 46 47 51 53 49 47
Treatment (e.g. bisphosphonates) 18 16 19 20 18 18 18 18 17 14 13
Bone densitometry in the last 12 months 17 13 15 14 14 11 11 11 10 9 5
 ≤ 40 years 6 3 7 6 7 5 2 4 3 2 2
41–50 years 13 9 9 11 9 8 9 5 4 4 2
51–60 years 15 12 13 13 11 10 9 8 8 7 4
61–70 years 18 16 18 15 15 13 13 15 10 11 7
 > 70 years 22 16 16 17 18 13 13 12 14 13 6
Bone densitometry ever 26 19 32 34 36 40 42 43 43 40 41
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Conclusion

In this cohort, osteoporosis in patients with RA is less fre-
quently observed compared to former years. RA-specific 
risk factors for osteoporosis such as disease activity and GC 
therapy have declined but long-term GC use is still present.

Assessment of osteoporosis in RA patients should be 
investigated more consistently by bone density measure-
ment. Male RA patients still need to be given greater consid-
eration regarding osteoporosis drug prophylaxis, especially 
when GC therapy is needed.

Acknowledgements  Open Access funding provided by Projekt DEAL. 
Thank you. We would like to thank all patients who, by agreeing to 
make their data available to the German National Database and by care-
fully documenting the patient questionnaires, have made extensive data 
evaluation possible. Our thanks also go to all participating doctors and 
staff in the participating institutions, representing all employees: Martin 
Aringer (Dresden), Tobias Alexander (Berlin), Frank Behrens (Frank-
furt/Main), Thorsten Eidner (Jena), Jörg Henes (Tübingen), Ulrich von 
Hinüber and Winfried Demary (Hildesheim), Guido Höse (Stadthagen) 
Stefan Kleinert, Florian Schuch and Jörg Wendler (Erlangen), Ina Köt-
ter (Hamburg), Jutta Richter and Matthias Schneider (Düsseldorf), 
Susanna Späthling-Mestekemper (Munich), Siegfried Wassenberg and 
Ralf Weier (Ratingen). We thank Katja Thiele, Sascha Bischoff and 
Gregor Förster for their valuable support in data management.

Author contributions  All authors contributed to the study conception 
and design. Data was contributed by RA, AK and WO. Data analyses 
and interpretation were performed by LL, KA and JC. The first draft 
of the manuscript was written by LL and all authors commented on 
previous versions of the manuscript. All authors read and approved the 
final and revised manuscript.

Funding  The National Database of the German Collaborative Arthritis 
centers has been supported since 2007 by the Association of Regional 
Cooperative Rheumatology Centres and joint contributions to the 
Rheumatological Training Academy and the DRFZ by the following 
members of the Working Group of Corporate Members of the German 
Society for Rheumatology: AbbVie, Actelion, BMS, GSK, Medac, 
MSD, Pfizer, Roche, Sanofi-Aventis and UCB. The director of studies 
has full academic freedom.

Compliance with ethical standards 

Ethical standards  All human studies described have been conducted 
with the approval of the competent Ethics Committee, in accordance 
with national law and in accordance with the Helsinki Declaration 
of 1975 (as amended). A declaration of consent is available from all 
patients involved.

Competing interests  The authors state that there are no conflicts of 
interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 

otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Sokka T, Puolakka K, Turesson C (2013) Comorbidities of rheu-
matic disease. Oxford Textbook of Rheumatology 243

	 2.	 Albrecht K (2014) Comorbidity in rheumatoid arthritis. 
Dtsch Med Wochenschr 139(37):1844–1848. https​://doi.
org/10.1055/s-0034-13702​62

	 3.	 Gaubitz M (2019) Osteoporosis-frequent comorbidity in patients 
with rheumatism. Z Rheumatol 78(3):249–254. https​://doi.
org/10.1007/s0039​3-019-0622-y

	 4.	 Kim SY, Schneeweiss S, Liu J, Daniel GW, Chang CL, Garneau 
K, Solomon DH (2010) Risk of osteoporotic fracture in a large 
population-based cohort of patients with rheumatoid arthritis. 
Arthritis Res Ther 12(4):R154. https​://doi.org/10.1186/ar310​7

	 5.	 Bleibler F, Rapp K, Jaensch A, Becker C, Konig HH (2014) 
Expected lifetime numbers and costs of fractures in postmenopau-
sal women with and without osteoporosis in Germany: a discrete 
event simulation model. BMC Health Serv Res 14:284. https​://
doi.org/10.1186/1472-6963-14-284

	 6.	 Mau W, Thiele K, Lamprecht J (2014) Trends of work force par-
ticipation of patients with rheumatic diseases: results from Ger-
man social insurance data and the national database of the German 
collaborative arthritis centers. Z Rheumatol 73(1):11–19. https​://
doi.org/10.1007/s0039​3-013-1205-y

	 7.	 Widdifield J, Paterson JM, Huang A, Bernatsky S (2018) Causes 
of death in rheumatoid arthritis: how do they compare to the gen-
eral population? Arthritis care & research 70(12):1748–1755

	 8.	 Kalden JR (2016) Emerging therapies for rheumatoid arthri-
tis. Rheumatol Ther 3(1):31–42. https​://doi.org/10.1007/s4074​
4-016-0032-4

	 9.	 Smolen JS, Breedveld FC, Burmester GR, Bykerk V, Dougados 
M, Emery P, Kvien TK, Navarro-Compan MV, Oliver S, Schoels 
M, Scholte-Voshaar M, Stamm T, Stoffer M, Takeuchi T, Aletaha 
D, Andreu JL, Aringer M, Bergman M, Betteridge N, Bijlsma H, 
Burkhardt H, Cardiel M, Combe B, Durez P, Fonseca JE, Gibof-
sky A, Gomez-Reino JJ, Graninger W, Hannonen P, Haraoui B, 
Kouloumas M, Landewe R, Martin-Mola E, Nash P, Ostergaard 
M, Ostor A, Richards P, Sokka-Isler T, Thorne C, Tzioufas AG, 
van Vollenhoven R, de Wit M, van der Heijde D (2016) Treating 
rheumatoid arthritis to target: 2014 update of the recommenda-
tions of an international task force. Ann Rheum Dis 75(1):3–15. 
https​://doi.org/10.1136/annrh​eumdi​s-2015-20752​4

	10.	 Albrecht K, Callhoff J, Zink A (2019) Long-term trends in rheu-
matology care: achievements and deficits in 25 years of the Ger-
man national rheumatology database. Z Rheumatol. https​://doi.
org/10.1007/s0039​3-019-0660-5

	11.	 Lautenschlager J, Mau W, Kohlmann T, Raspe HH, Struve F, 
Bruckle W, Zeidler H (1997) Comparative evaluation of a German 
version of the Health Assessment Questionnaire and the Hannover 
Functional Capacity Questionnaire. Z Rheumatol 56(3):144–155. 
https​://doi.org/10.1007/s0039​30050​030

	12.	 Innala L, Sjoberg C, Moller B, Ljung L, Smedby T, Sodergren 
A, Magnusson S, Rantapaa-Dahlqvist S, Wallberg-Jonsson S 
(2016) Co-morbidity in patients with early rheumatoid arthri-
tis—inflammation matters. Arthritis Res Ther 18(1):33. https​://
doi.org/10.1186/s1307​5-016-0928-y

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1055/s-0034-1370262
https://doi.org/10.1055/s-0034-1370262
https://doi.org/10.1007/s00393-019-0622-y
https://doi.org/10.1007/s00393-019-0622-y
https://doi.org/10.1186/ar3107
https://doi.org/10.1186/1472-6963-14-284
https://doi.org/10.1186/1472-6963-14-284
https://doi.org/10.1007/s00393-013-1205-y
https://doi.org/10.1007/s00393-013-1205-y
https://doi.org/10.1007/s40744-016-0032-4
https://doi.org/10.1007/s40744-016-0032-4
https://doi.org/10.1136/annrheumdis-2015-207524
https://doi.org/10.1007/s00393-019-0660-5
https://doi.org/10.1007/s00393-019-0660-5
https://doi.org/10.1007/s003930050030
https://doi.org/10.1186/s13075-016-0928-y
https://doi.org/10.1186/s13075-016-0928-y


2012	 Rheumatology International (2020) 40:2005–2012

1 3

	13.	 Ajeganova S, Huizinga T (2017) Sustained remission in rheuma-
toid arthritis: latest evidence and clinical considerations. Ther Adv 
Musculoskelet Dis 9(10):249–262. https​://doi.org/10.1177/17597​
20x17​72036​6

	14.	 Wen L, Kang JH, Yim YR, Lee JW, Lee KE, Park DJ, Kim TJ, 
Park YW, Lee SS (2016) Risk factors for treatment failure in 
osteoporotic patients with rheumatoid arthritis. Mod Rheumatol 
26(2):194–199. https​://doi.org/10.3109/14397​595.2015.10694​44

	15.	 Feldstein AC, Elmer PJ, Nichols GA, Herson M (2005) Practice 
patterns in patients at risk for glucocorticoid-induced osteoporo-
sis. Osteoporosis Int 16(12):2168–2174. https​://doi.org/10.1007/
s0019​8-005-2016-z

	16.	 Pfeil A, Lehmann G, Lange U (2018) Update DVO guidelines 
2017 on “Prophylaxis, diagnostics and treatment of osteoporosis 
in postmenopausal women and men”: what is new, what remains 
for rheumatologists? Z Rheumatol 77(9):759–763. https​://doi.
org/10.1007/s0039​3-018-0549-8

	17.	 Buckley L, Guyatt G, Fink HA, Cannon M, Grossman J, Hansen 
KE, Humphrey MB, Lane NE, Magrey M, Miller M, Morrison 
L, Rao M, Byun Robinson A, Saha S, Wolver S, Bannuru RR, 
Vaysbrot E, Osani M, Turgunbaev M, Miller AS, McAlindon T 
(2017) 2017 American College of Rheumatology Guideline for 
the Prevention and Treatment of Glucocorticoid-Induced Osteo-
porosis. Arthritis Care Res (Hoboken) 69(8):1095–1110. https​://
doi.org/10.1002/acr.23279​

	18.	 van Staa TP, Leufkens HG, Abenhaim L, Zhang B, Cooper C 
(2000) Oral corticosteroids and fracture risk: relationship to 

daily and cumulative doses. Rheumatology (Oxford, Eng-
land) 39(12):1383–1389. https​://doi.org/10.1093/rheum​atolo​
gy/39.12.1383

	19.	 van Staa TP, Leufkens HG, Cooper C (2002) The epidemiology of 
corticosteroid-induced osteoporosis: a meta-analysis. Osteoporo-
sis Int 13(10):777–787. https​://doi.org/10.1007/s0019​80200​108

	20.	 Hauser B, Riches PL, Wilson JF, Horne AE, Ralston SH (2014) 
Prevalence and clinical prediction of osteoporosis in a contempo-
rary cohort of patients with rheumatoid arthritis. Rheumatology 
(Oxford, England) 53(10):1759–1766. https​://doi.org/10.1093/
rheum​atolo​gy/keu16​2

	21.	 Luque Ramos A, Redeker I, Hoffmann F, Callhoff J, Zink A, 
Albrecht K (2019) Comorbidities in patients with rheumatoid 
arthritis and their association with patient-reported outcomes: 
results of claims data linked to questionnaire survey. J Rheumatol 
46(6):564–571. https​://doi.org/10.3899/jrheu​m.18066​8

	22.	 Albrecht K (2014) Gender-specific differences in comorbidities 
of rheumatoid arthritis. Z Rheumatol 73(7):607–614. https​://doi.
org/10.1007/s0039​3-014-1410-3

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1177/1759720x17720366
https://doi.org/10.1177/1759720x17720366
https://doi.org/10.3109/14397595.2015.1069444
https://doi.org/10.1007/s00198-005-2016-z
https://doi.org/10.1007/s00198-005-2016-z
https://doi.org/10.1007/s00393-018-0549-8
https://doi.org/10.1007/s00393-018-0549-8
https://doi.org/10.1002/acr.23279
https://doi.org/10.1002/acr.23279
https://doi.org/10.1093/rheumatology/39.12.1383
https://doi.org/10.1093/rheumatology/39.12.1383
https://doi.org/10.1007/s001980200108
https://doi.org/10.1093/rheumatology/keu162
https://doi.org/10.1093/rheumatology/keu162
https://doi.org/10.3899/jrheum.180668
https://doi.org/10.1007/s00393-014-1410-3
https://doi.org/10.1007/s00393-014-1410-3

	Osteoporosis in patients with rheumatoid arthritis: trends in the German National Database 2007–2017
	Abstract
	Introduction
	Patients and methods
	Statistical analysis
	Ethics approval

	Results
	Patient characteristics
	RA disease activity and functional status
	Treatments
	Osteoporosis
	Osteoporosis prophylaxis and therapy
	Bone density measurement

	Discussion
	Limitations

	Conclusion
	Acknowledgements 
	References




