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Abstract
Summary  Oral glucocorticoids may increase major osteoporotic fracture risk (MOF) in myasthenia gravis patients. To 
assess this risk, we performed a case–control study including all Danish patients with a MOF between 1995 and 2011. We 
also pooled our data with data from another study. We found no increased risk. Osteoporosis prevention remains advisable.
Purpose/introduction  The prolonged use of high doses of oral glucocorticoids (GCs), a common treatment in patients with 
myasthenia gravis (MG), may increase major osteoporotic fracture (MOF) risk. Previous epidemiological studies did not 
exclusively focus on patients with MG or had relatively few GC-exposed MG patients. Aims were to evaluate the risk of MOF 
in MG patients using oral GCs in a large study population and to perform a pooled analysis with data from previous work.
Methods  A population-based case–control study (1995–2011) was conducted using the Danish National Health Service. 
Cases had sustained a MOF, and controls had not. All were aged ≥ 18 years. Multivariate conditional logistic regression 
estimated odds ratios (ORs) among MG patients using oral GCs versus non-users. Adjustments were made for comorbidities 
and comedications. In the pooled analysis, results were pooled by the use of generic inverse variance methods, assuming a 
random-effects model.
Results  We identified 376,858 cases and 376,858 controls. MOF risk was not elevated in MG patients currently using oral 
GCs compared to MG patients not on oral GCs (ORadj.: 1.26 (95% CI 0.68–2.33)). The use of the highest cumulative dose of 
oral GCs (≥ 7 g) did not show an increased risk of MOF among MG patients (ORadj.: 2.00 (95% CI 0.90–4.44)). Our pooled 
analysis also showed no association between oral GC use and MOF risk.
Conclusion  This study showed that oral GC use in patients with MG was not associated with increased risk of MOF in 
our case–control study and pooled analysis. Osteoporosis prevention in MG patients based on clinical guidelines remains 
advisable.

Keywords  Glucocorticoids · Fracture · Bone · Myasthenia gravis · Case–control study
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Introduction

Oral glucocorticoids (GCs) play an important role in the 
treatment of patients with myasthenia gravis (MG), an 
autoimmune neuromuscular disease leading to fluctuat-
ing muscle weakness and fatigability of skeletal muscles. 
Patients with MG are at an increased risk of developing 
osteoporosis. This risk may increase further when they 
use oral GCs [1]. Among MG patients, long-term high 
doses of oral GCs are one of the treatment options. The 
prednisone rapid induction regimen starts with 1–1.5 mg/
kg/day (max. 100 mg) for a period of 2–4 weeks, followed 
by a maintenance dose at the same level daily or every 
other day, for 4–8 weeks. After improvement, a taper-
ing schedule with 5–10 mg a month can be initiated [2]. 
The resulting prolonged exposure and high cumulative 
dose may carry a considerable risk of major osteoporo-
tic fracture (MOF) [3–5]. Epidemiological studies have 
shown that the GC-induced fracture risk increases with 
daily dose and cumulative dose and occurs rapidly after 
starting therapy [4, 6, 7]. This has indirectly been sup-
ported by a study in patients which showed, through bone 
histomorphometry, significant thinner, and less connected 
trabeculae after high cumulative doses of oral GCs (> 10 g 
prednisone equivalent) compared to a lower cumulative 
dose of oral GCs (< 10 g prednisone equivalent) [8]. The 
authors conclude that their observation suggests a possible 
threshold at which bone recovery after withdrawal of oral 
GCs would be impossible due to a dramatic disruption of 
the trabecular network.

The aforementioned epidemiological studies did not 
exclusively focus on patients with MG, but evaluated the 
GC use and the risk of osteoporotic fracture in general 
[3–7]. Clinical guidelines recommend the prescription 
of prophylaxis (e.g., bisphosphonates) based on the risk 
assessment [9, 10] and/or based on age, GC dose, and/
or duration of the GC therapy [11]. Among patients with 
MG, few observational studies have evaluated the risk of 
osteoporotic fracture with oral GC use and showed con-
trasting results [12, 13]. A cohort study using a large UK 
primary care database did not support a causal relation-
ship between oral GC use and the risk of MOF among MG 
patients [12]. Even when the daily dose was ≥ 15 mg or 
the cumulative exposure ≥ 5 g prednisolone equivalents, 
no association was found. A cross-sectional survey which 
included 363 Japanese patients with MG found that the 
duration but not the daily dose of prednisolone was asso-
ciated with osteoporotic fractures [13]. The absence of an 
association between long-term high-dose oral GC use and 
MOF risk among MG patients in these studies remains 
intriguing, although small numbers of long-term high-dose 
oral GC use may be an alternative explanation. Therefore, 

the primary objective was to evaluate the risk of MOF 
in MG patients using oral GC in a different, large study 
population. The secondary objective was to pool these data 
with the results of a cohort study performed by our group 
[12] to gain more statistical power.

Methods

Case–control study

Data source

In Denmark, separate registers of computerized medical 
records on all contacts to hospitals and on the use of drugs 
can be linked for the entire population (approximately 5.5 
million inhabitants). Information on hospital admissions is 
kept in the National Hospital Discharge Register. The reg-
ister was founded in 1977 and covers all inpatient contacts 
from 1977 to 1994 and from 1995 also all outpatient visits 
to hospitals, outpatient clinics, and emergency rooms. Upon 
discharge, the physician codes the reason for the contact 
according to the International Classification of Diseases, 8th 
and 10th revision (ICD8/ICD10). The register has nation-
wide coverage of public hospitals with an almost 100% com-
pleteness of recordings and a high precision of diagnoses 
[14, 15], particularly for fracture [16].

The Danish Medicines Agency keeps a nationwide dis-
pensing database, the Register of Medicinal Product Statis-
tics, with key information on prescriptions for refundable 
drugs. The dispensing database includes information on 
the patient’s civil registry number, the type and amount of 
drug prescribed according to the Anatomical Therapeuti-
cal Chemical classification system (ATC) [17], and the data 
when the prescription was filled. The database was started 
on January 1, 1995, and updated hereafter. As was previ-
ously shown, all registers can be linked through the use of 
the civil registry number that is assigned to all Danish citi-
zens [18].

Study population

A population-based case–control study was conducted using 
data from the Danish National Healthcare Service (DNHS) 
registries. Cases were all subjects aged 18 years and older, 
who had sustained a major osteoporotic fracture (MOF) 
between January 1, 1995, and December 31, 2011. A MOF 
was defined as a fracture of the hip (ICD10 code S72.0-
S72.2), radius/ulna (S52), vertebrae (S12, S22.0-S22.1, 
S32.0-S32.2, S32.7, S32.8, T08), or humerus (S42.2-S42.4) 
according to the World Health Organization’s (WHO) defini-
tion [19]. To each case, a control subject who did not sustain 
a MOF was randomly matched by gender and year of birth 
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using the incidence-density sampling technique [20]. The 
date of the first MOF defined the index date. Controls were 
assigned the same index date as their matched cases. Major 
osteoporotic fractures were considered as the primary out-
come of interest. Given the fact that oral GC use affects all 
fracture types, any fracture (S02, S12, S22, S32, S42, S52, 
S62, S72, S82, S92, T02, T08, T10 and T12) was a second-
ary outcome of interest.

Exposure

The presence of MG before the index date was defined based 
on ICD-10 code G70.0, G70.1, and G70.8. Patients without 
a record for MG before the index date were classified as 
no MG patients. We evaluated the oral GC use before the 
index date for all patients. Based on the time since the most 
recent oral GC dispensing, patients were classified as current 
(1–91 days), recent (92–182 days), past (183–364 days), or 
distant past (over 364 days) users. The classification was 
derived from an article by van Staa et al. that describes 
the risk of different kinds of fractures before, during, and 
after oral corticosteroid use [4]. For each current user, we 
estimated both the cumulative and average daily oral GC 
exposure. The cumulative dose was calculated by adding 
up all previous oral GC dispensing using defined daily dos-
ages (DDDs) according to the WHO definition [21]. The 
average daily dose was calculated by dividing the cumula-
tive oral GC exposure by the treatment time (i.e., the time 
between the first oral GC dispensing and the index date). The 
GC exposure was expressed as oral prednisolone equiva-
lents. We defined our cumulative dose categories as < 1.0 g, 
1.0–6.9 g, and ≥ 7.0 g. The average daily dose was broken 
down into the following categories: < 7.5 mg, 7.5–14.9 mg, 
and ≥ 15 mg. Cut-offs were based on a paper by de Vries 
et al. on oral GC use and fracture risk and on the cumulative 
dose for a “typical” high-dose regimen mentioned in a paper 
on MG treatment [2, 6].

Potential confounders

We considered the following potential confounders before 
the index date: a history of chronic obstructive pulmonary 
disease (COPD), fracture, rheumatoid arthritis, inflamma-
tory bowel disease (IBD), asthma, cancer, type 2 diabetes 
mellitus, dementia, congestive heart failure, cerebrovas-
cular disease, or secondary osteoporosis (type 1 diabetes 
mellitus, hyperthyroidism, hypogonadism, and renal fail-
ure). Other potential confounders included a dispensing 
in 6 months before the index date of the following drugs: 
bisphosphonates, vitamin D, calcium, raloxifene, strontium 
ranelate, denosumab, calcitonin, parathyroid hormone, hor-
mone replacement therapy, inhaled corticosteroids, inhaled 

bronchodilators, antipsychotics, antidepressants, hypnotics/
anxiolytics, anticonvulsants, or anti-Parkinson drugs.

Statistical analyses

Conditional logistic regression was used to estimate odds 
ratios (ORs) for major osteoporotic fracture risk and risk 
of any fracture (SAS software version 9.3, SAS Institute 
Inc., Cary, North Carolina, USA). Analyses were stratified 
by age, gender, and myasthenia gravis. The current oral GC 
use was stratified by cumulative and average daily dose. All 
results were presented as OR with the corresponding 95% 
confidence intervals (CIs). In all analyses, potential con-
founders were included if they independently changed the 
beta-coefficient for current oral GC exposure by at least 5% 
or when consensus about inclusion existed within the team 
of researchers, supported by clinical evidence from the lit-
erature. In a sensitivity analysis, we additionally adjusted 
the main analysis for the use of bisphosphonates in 6 months 
prior to the index date.

Pooled analysis

In order to increase the power, we combined the present 
results, of our case–control study, with the results of a cohort 
study performed in the British population [12], resulting in 
a pooled analysis. From both studies, we extracted the data 
on average and cumulative oral GC dose with the risk of 
major osteoporotic and any fracture. The cumulative daily 
dose categories were not similar between studies; therefore, 
we redefined our cumulative dose categories to < 2.5 g, 
2.5–5.0 g, and ≥ 5.0 g, to make them similar to those used 
in the paper by Pouwels. No adjustment was needed for the 
average daily dose categories.

Results from the cumulative and average daily dose analy-
ses were then pooled by the use of generic inverse variance 
methods, assuming a random effects model. This was done 
separately for major osteoporotic and any fractures. Hetero-
geneity was assessed by the Cochrane Q statistic and the 
I2 statistic. Analyses were performed using RevMan Ver-
sion 5.3 (Cochrane Collaboration, Oxford, UK). Heteroge-
neity was characterized as low (values < 30%), moderate 
(30–49%), or high (> 50%). A p value of < 0.05 was consid-
ered to be statistically significant.

Results

Case–control study

Table 1 shows the baseline characteristics for the total pop-
ulation. The study population consisted of 376,858 cases, 
aged 18 years and older, and the same number of controls. 

651Osteoporosis International (2022) 33:649–658



1 3

Both the cases and controls had a mean age of 64.2 years, 
and 68.7% of the study population were women. A higher 
proportion of patients with a MOF (5.2%) had used oral GC 
within 6 months prior to index date versus controls (3.6%). 
The proportion of MG patients within cases and controls was 
comparable (0.03%). Table 2 shows baseline characteristics 
for MG patients.

Table 3 shows that the risk of MOF was not elevated 
among MG patients who were the current oral GC users 
as compared to the non-users (adj. OR 1.26 (95% CI 
0.68–2.33)). In patients without MG, the risk of MOF was 
significantly higher with the current oral GC use as com-
pared to non-users (adj. OR 1.37 (95% CI 1.34–1.41)). 

Further stratified analyses suggested that the risk of MOF 
in MG patients was highest among those current users who 
received the highest cumulative dose of oral GC (≥ 7 g), 
although this did not reach statistical significance adj. 
(OR 2.00 (95% CI 0.90–4.44)). When the current use was 
stratified by an average daily dose of oral GC, the risk esti-
mates for MOF were not significantly elevated. Further-
more, the MOF risk did not differ significantly among MG 
patients with the recent oral GC use (adj. OR 1.39 (95% 
CI 0.31–6.23)), past oral GC use (adj. OR 1.92 (95% CI 
0.56–6.54)), and distant past oral GC (adj. OR 1.02 (95% 
CI 0.61–1.69)). In contrast, the risk of MOF was signifi-
cantly elevated in patients without MG using oral GC (any 

Table 1   Baseline characteristics 
of adults with (cases) and 
without (controls) major 
osteoporotic fracture

Abbreviations: GC glucocorticoids, SD Standard deviation
* Any previous fractures prior to January 1, 1996

Characteristics Cases 
n = 376,858
n (%)

Controls 
n = 376,858
n (%)

Women 259,080 (68.7) 259,080 (68.7)
  Mean age (years, SD) 64.2 (19.5) 64.2 (19.5)
  Mean age at index date (years, SD)
    18–49 years 84,396 (22.4) 84,375 (22.4)
    50–59 years 53,441 (14.2) 53,431 (14.2)
    60–69 years 64,078 (17.0) 64,109 (17.0)
    70–79 years 77,058 (20.4) 77,127 (20.4)
    80 + years 97,885 (26.0) 97,816 (26.0)

History of comorbidities
  Myasthenia gravis 130 (0.0) 106 (0.0)
  Chronic obstructive pulmonary disease 22,158 (5.9) 16,844 (4.5)
  Previous fractures* 99,268 (26.3) 31,378 (8.3)
  Rheumatoid arthritis 7,191 (1.9) 5,303 (1.4)
  Inflammatory bowel disease 7,722 (2.0) 6,054 (1.6)
  Secondary osteoporosis 18,490 (4.9) 14,430 (3.8)

Drug use within 6 months prior to index date
  Oral glucocorticoids 19,476 (5.2) 13,734 (3.6)
  Bisphosphonates 10,427 (2.7) 6,338 (1.7)
  Vitamin D 419 (0.1) 366 (0.1)
  Calcium 5,139 (1.4) 3,502 (0.9)
  Raloxifene 450 (0.1) 279 (0.1)
  Strontium ranelate 157 (0.0) 75 (0.0)
  Denosumab 21 (0.0) 7 (0.0)
  Parathyroid hormone 112 (0.0) 51 (0.0)
  Hormone replacement therapy 22,532 (6.0) 30,696 (8.1)
  Inhaled corticosteroids 12,311 (3.3) 10,832 (2.9)
  Inhaled bronchodilators 25,220 (6.7) 21,346 (5.7)
  Antipsychotics 18,862 (5.0) 11,698 (3.1)
  Antidepressants 52,500 (13.9) 31,158 (8.3)
  Hypnotics/anxiolytics 41,553 (11.0) 31,143 (8.3)
  Anticonvulsants 11,995 (3.2) 5,970 (1.6)
  Anti-Parkinson drugs 4,307 (1.1) 2,330 (0.6)
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exposure type) compared with patients not using oral GC. 
Additional adjustments for the use of bisphosphonates did 
not materially alter our results.

The current oral GC exposure was not associated with 
the risk of any fracture among MG patients (OR 1.08 (95% 
CI 0.69–1.70)) compared to non-users (Table 4). Further 
stratified analyses suggested that the risk of any fracture in 
MG patients tended to be strongest for the highest cumula-
tive dose (≥ 7 g) (adj. OR 1.65 (95% CI 0.93–2.91)). How-
ever, the difference did not reach statistical significance. The 
stratification of the current oral GC use by the average daily 

dose of the oral GC did not modify the risk. Similarly, the 
recent oral GC use (adj. OR 1.25 (95% CI 0.54–2.89)), past 
oral GC use (adj. OR 2.73 (95% CI 0.97–7.70)), and dis-
tant past oral GC use (adj. OR 1.06 (95% CI 0.71–1.58) did 
not substantially change the risk of any fracture among MG 
patients, when compared with non-GC use. Finally, among 
patients without a MG diagnosis, the risk of any fracture 
was significantly increased in every subgroup of an oral GC 
exposure compared to non-GC use.

Pooled analysis

Table 5 demonstrates the results of aggregating findings 
from British [12] and Danish data (current study). The 
risk of MOF among MG patients using oral GC was not 
increased in any of the sub-analysis of our pooled analysis. 
For MOF, no heterogeneity was reported across studies.

The results of the pooled data for the risk of any fracture 
showed the same trend as for MOF and were not significant 
when the current oral GC use was stratified by cumulative 
exposure or average daily dose (Table 5). For any fracture, 
high heterogeneity (> 50%) was observed in the categories 
of cumulative exposure across studies. No heterogeneity 
was detected in the categories of average daily dose across 
studies.

For this pooled analysis, we recalculated the results of the 
current (case–control) study to match those used in the study 
by Pouwels et al. [12]. For the risk of MOF, we found an 
adj. OR of 0.31 (95% CI 0.03–3.14) with < 2.5 g of oral GC 
use, an adj. OR of 0.36 (95% CI 0.07–1.87) with 2.5–5.0 g 
of oral GC use, and an adj. OR of 1.97 (95% CI 0.92–4.24) 
for the highest cumulative dose of ≥ 5.0 g of oral GC use 
(data not shown).

For the risk of any fracture, we found an adj. OR of 0.13 
(95% CI 0.02–0.92) with < 2.5 g of oral GC use, adj. OR of 
0.29 (95% CI 0.06–1.42) with 2.5–5.0 g of oral GC use, and 
adj. OR of 0.73 (95% CI 0.28–1.95) with ≥ 5.0 g of oral GC 
use among MG patients (data not shown).

Discussion

The present study showed that there was no significant asso-
ciation with the current oral GC use and risk of major osteo-
porotic fracture (MOF) among MG patients. When stratify-
ing current oral GC use by cumulative dose or average daily 
dose, there was no association with the risk of MOF, both 
in our case–control study and after we had aggregated those 
results with previous findings [12] in a pooled analysis.

Our findings of the case–control study are in agreement 
with those reported by a population-based cohort study in 
patients with MG using data from the UK Clinical Practice 
Research Datalink (CPRD) [12]. It comprised a large study 

Table 2   Baseline characteristics of patients with MG with (cases) and 
without (controls) major osteoporotic fracture

Abbreviations: GC glucocorticoids, SD standard deviation
* Any previous fractures prior to January 1, 1996
a Number less or equal to five therefore data not shown due to data 
confidentiality policy

Characteristics Cases 
n = 130
n (%)

Controls 
n = 106
n (%)

Women 97 (74.6) 71 (67.0)
Mean age (years, SD) 70.2 (15.0) 69.7 (17.7)
Mean age at index date (years, SD)

  18–49 years 17 (13.1) 15 (14.2)
  50–59 years 16 (12.3) 13 (12.3)
  60–69 years 25 (19.2) 15 (14.2)
  70–79 years 28 (21.5) 25 (23.6)
  80 + years 44 (33.7) 38 (35.8)

History of comorbidities
  Chronic obstructive pulmonary disease 13 (10) 14 (13.2)
  Previous fractures* 38 (23.2) 12 (11.3)
  Rheumatoid arthritis a a

  Inflammatory bowel disease 7 (5.4) a

  Secondary osteoporosis 17 (13.1) 6 (5.7)
Drug use within 6 months prior to index date

  Oral glucocorticoids 70 (53.8) 54 (50.9)
  Bisphosphonates 10 (7.7) 10 (9.4)
  Vitamin D a a

  Calcium 8 (6.2) a

  Raloxifene a a

  Strontium ranelate a a

  Denosumab a a

  Parathyroid hormone a a

  Hormone replacement therapy 13 (10.0) 13 (12.3)
  Inhaled corticosteroids 6 (4.6) a

  Inhaled bronchodilators 9 (6.9) 6 (5.7)
  Antipsychotics 6 (4.6) a

  Antidepressants 35 (26.9) 14 (13.2)
  Hypnotics/anxiolytics 15 (11.5) 11 (10.4)
  Anticonvulsants 7 (5.4) 6 (5.7)
  Anti-Parkinson drugs a a
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including patients representative for the total UK population 
and found no association with risk of MOF and oral GC use, 
not even when the cumulative exposure had exceeded 5 g of 
prednisolone equivalents (adj. HR 0.99 (95% CI 0.31–3.14)). 
While our study was performed as a case–control study, it 
should yield similar results as a study with a cohort design 
[22]. The major difference between CPRD and our data-
base is that in de CPRD, the data is collected by the general 
practitioners (GPs) and our database is based on hospitali-
zation registries linked to community pharmacy dispensing 
records. The capture of fractures that require an inpatient 
hospitalization or accident and emergency visit in our study 
is therefore probably higher. A cross-sectional study [13] 
found that the duration of GC use (cumulative exposure) was 
associated with osteoporotic fractures among MG patients.

We observed that our results of the case–control study in 
patients without MG are in line with the main result found 
by Van Staa et al. [4]. They showed that the use of oral GCs 
was associated with a 1.6-fold increased risk of non-verte-
bral fracture in the general population, for patients with an 
average daily dose of ≥ 7.5 mg per day. They also observed 
a 5.2-fold higher risk of vertebral fractures for patients who 
were prescribed ≥ 7.5 mg of prednisolone equivalents per 
day.

Although MG patients are frequently exposed to 
prolonged periods of high doses of prednis(ol)one, no 
increased risk in MOF fracture was observed in our study. 
This could be due to the limited number of MG patients 
in our study. To increase the sample size and further 
investigate whether a true association exists between oral 
GC use in MG patients and risk of MOF, we performed 
a pooled analysis. Albeit still limited in statistical power, 
we did not observe a difference in major osteoporotic or 
any fracture risk among MG patients with oral GC use in 
our pooled analysis. Differences in the definition of major 

osteoporotic fractures were present between the studies. 
Another difference was the level of detail of recorded diag-
nosis and symptoms. Hospitalization registries, such as 
DNHS, are coded using the ICD system 8th and 10th revi-
sion, while the CPRD used Read coding which contains 
much more detail than ICD8 and 10 [23].

It is possible that MG itself has an effect on the risk 
of fractures, for example, a decreased risk due to reduced 
mobility, patients being more cautious or physiological rea-
sons, or an increased risk due to muscle weakness. In a study 
by Kassardjian et al., it was shown that MG patients had 
a significantly lower risk of fracture compared to non-MG 
patients [24].

It has been reported that acetylcholine receptors are 
present in human osteoblasts [25, 26]. Acetylcholine is an 
important neurotransmitter which plays a role in regulating 
the proliferation and differentiation of various cell types, 
including osteoblasts [25]. Acetylcholinesterase inhibitors 
used in MG may have a positive effect on bone remodeling, 
counteracting the effects of GC use on bone. A study in mice 
showed an increase in trabecular bone mass after administra-
tion of galantamine, an acetylcholinesterase inhibitor that 
passes the blood–brain barrier (BBB) [27]. This mechanism 
could be an explanation for our results. On the contrary, 
in the same study, the administration of pyridostigmine, a 
mostly peripheral acting acetylcholinesterase inhibitor that 
is used in MG, resulted in trabecular bone loss [27]. It is 
unclear how these findings translate to humans.

There is evidence from randomized trials that bisphos-
phonates (BPs) reduce corticosteroid-induced osteoporosis, 
and their use is mentioned in several guidelines [9–11]. BPs 
could suppress bone turnover, increase BMD, and reduce 
fracture risk in patients receiving GC treatment [9]. It is 
likely that a significant part of patients would have received 
anti-osteoporosis medication during oral GC use. In one 

Table 5   The use of oral glucocorticoids and risk of major osteoporotic fracture and any fracture in MG patients, by average daily dose and 
cumulative exposure. Included studies: Pouwels et al. [12] and Safipour et al. (current study)

Abbreviations: GC glucocorticoids, HR hazard ratio, CI confidence interval, I2 heterogeneity; Statistically significant (P < 0.05).

Pooled HR
(95% CI)

Heterogeneity I2
(%)

p value Pooled HR
(95% CI)

Heterogeneity I2
(%)

p value

Major osteoporotic fracture Any fracture
Current oral GC use
By cumulative exposure (oral prednisolone equivalents)
   < 2.5 g 0.58 (0.25–1.32) 0 0.57 0.41 (0.07–2.30) 67 0.08
  2.5–5.0 g 0.66 (0.28–1.55) 0 0.40 0.69 (0.20–2.41) 56 0.13

   ≥ 5.0 g 1.60 (0.85–3.03) 0 0.33 1.23 (0.57–2.63) 51 0.15
By average daily dose (oral prednisolone equivalents)
   < 7.5 mg 0.90 (0.42–1.94) 0 0.44 0.97 (0.58–1.64) 0 0.94
  7.5–14.9 mg 0.87 (0.42–1.82) 0 0.39 1.10 (0.66–1.85) 0 0.73

   ≥ 15 mg 1.27 (0.63–2.57) 0 0.79 1.00 (0.56–1.76) 0 0.79
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particular study, up to 52% of MG patients with oral GC 
use did receive medical prophylaxis (BPs) [13]. Although 
initially we considered anti-osteoporosis medication to be a 
potential confounder, we have not adjusted for it, as we think 
that the use of anti-osteoporosis medication is in the causal 
pathway between GC use and MOF. A true confounder 
should be associated with both the exposure and the outcome 
and not in the causal pathway [28, 29]. Additional adjust-
ment in a sensitivity analysis for the use of bisphosphonates 
did not alter our results.

Wakata et  al. concluded that prednisolone-treated 
patients with MG have an acceptable risk of bone loss if 
prophylactic medication is administered [30]. However, 
other factors such as the age of the patient, the severity 
of the disease, and dietary intake or decreased physical 
activity confer to increased fracture risk in MG patients 
with oral GC use.

The main strengths of our case–control study include 
that it had one of the largest possible sample sizes (cases 
and controls were sampled from the full country of Den-
mark). As a result, it was also population-based. This makes 
selection bias unlikely. In Denmark, almost all patients with 
fractures are managed in the hospital system (also including 
emergency rooms), and even fractures sustained abroad are 
registered upon return for insurance reasons. The capture of 
fractures is thus very high. There was detailed longitudinal 
information on drug prescribing in our study population, 
which enabled us to reliable estimate average and cumula-
tive oral GC exposure. We were also able to adjust for a 
wide range of covariates. A particular strength of our pooled 
analysis is its use of the same cumulative and average daily 
dose categories which allowed us to use the same definition 
across the studies.

There are several limitations to our case–control study. 
Despite the large total sample size, we had small numbers 
in the different GC groups among MG patients, and these 
subgroups may have been underpowered. This study relies 
on diagnoses recorded by physicians. Underreporting could 
influence our results. Confounding and distortion of findings 
by unknown causes are of considerable concern in an obser-
vational study. Data on smoking, alcohol exposure, and body 
mass index (BMI) were not available. We could not adjust 
for these potential confounders. A limitation of our pooled 
analysis was the high heterogeneity (> 50%) in the cumu-
lative exposure categories of any fracture exposure across 
studies. Other limitations are the relatively small number 
of major osteoporotic fractures and the fact that in there 
we included only two studies in our pooled analysis. The 
included studies have adjusted for different sets of confound-
ers, which may have biased our results.

In conclusion, our study showed that oral GC use in 
patients with MG was not associated with an increased 
risk of MOF compared to controls, also when stratified by 

cumulative and average daily dose. However, only small 
numbers of MG patients with oral GC use were included in 
the subgroup analyses. For this reason, these data should be 
interpreted with caution. Further investigation could provide 
more clarification, although achieving enough power in such 
a study or meta-analysis might be difficult. Our recommen-
dation is to co-prescribe bisphosphonates according to the 
current country-specific clinical guidelines for the treatment 
of GC-induced osteoporosis.
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