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Abstract 

Background 

Understanding the potential deleterious effects of corticosteroids on bone health in people with 

asthma is important when making treatment decisions. There is a need for clearer evidence to 

better quantify the risk and effect size. 

Methods 

Databases were systematically searched to identify studies reporting on bone mineral density 

(BMD) measurement and risk of osteoporosis or fracture, comparing people with asthma 

exposed to inhaled (ICS) or oral (OCS) corticosteroids, with nonexposed people with asthma 

and healthy controls. Data were narratively synthesized, and a series of meta-analyses were 

performed using the random-effects inverse variance method.  

Results 

This review consists of 28 studies (six randomized control trials and 22 observational). There 

was no effect of ICS on bone loss both at spine and femoral neck in asthma. People with asthma 

receiving OCS were at greater risk of osteoporosis than nonexposed people with asthma 

(pooled HR = 1.76; 95%CI: 1.48 to 2.09; 𝐼2 = 68%). Similarly, higher ICS exposure was 

associated with higher risk of osteoporosis (OR=1.20; 95%CI: 1.08 to 1.42) and fracture 

(pooled OR=1.19; 95%CI: 1.05 to 1.35; 𝐼2 = 0%) when comparing people with asthma 

receiving ICS and not. 

Conclusion 

Patients with asthma exposed to OCS or high ICS doses become more susceptible to bone 

comorbidities. Striking the right balance between efficacy and safety of steroids in asthma is 

important to improve patients’ quality of life. 
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Introduction 

Asthma is a common chronic airways disease occurring in all ages, affecting 334 million 

people globally (1). Inhaled (ICS) and oral (OCS) corticosteroids are used to prevent and treat 

asthma symptoms and exacerbations (2). Both the Global Initiative for Asthma (GINA) and 

British Thoracic Society (BTS/SIGN) guidelines suggest a stepwise approach with low to high-

dose ICS alone or in combination with long-acting-β2-agonists as the first line treatment, and 

use of OCS for patients experiencing attacks (exacerbations) or having severe asthma (2,3). 

Globally corticosteroids are considered as the most important pharmaceutical intervention in 

asthma, but have well-known deleterious side effects (4–6).  

Glucocorticoid-induced osteoporosis is considered the most common adverse effect of 

corticosteroids (7). Osteoporosis is characterized by structural deterioration of bone tissue and 

low bone mass, leading to bone fragility and increased risk of fracture. Decreased bone mineral 

density (BMD) is strongly related with a higher fracture risk (8), however fractures can occur 

at higher BMD levels in patients receiving OCS (9). Fractures are associated with morbidity, 

mortality, and increased health care costs (10,11).  

Two reviews have evaluated the impact of ICS on BMD and fractures (12,13) with the most 

recent conducted six years ago (12). They reported that ICS were not associated with bone loss 

or increased risk of fracture. However, these reviews did not examine the risk of osteoporosis 

and did not include OCS as exposure. Additionally, they compared people with asthma 

receiving ICS with nonexposed to ICS people with asthma and healthy controls as a united 

group, which may have influenced the results.  

Thus, we performed a review considering as the target population all adult patients with asthma 

exposed to ICS or OCS (as two separate exposures) comparing them with nonexposed people 

with asthma and healthy controls, separately. The primary objective was to examine the effect 

of ICS and OCS on the mean difference in BMD in absolute measure, risk of osteoporosis, and 

risk of fractures in asthma. The secondary outcome was to examine the effect of ICS and OCS 

on mean change over time in BMD in asthma. 
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Methods 

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) (14) 

and MOOSE (Meta-analysis of Observational Studies in Epidemiology) guidelines (15) were 

used. The protocol was registered with PROSPERO database (CRD42020198236). 

Eligibility criteria and outcomes 

We used the Population-Exposure/Intervention-Outcome-Study Design criteria throughout the 

review process, based on type of participants, type of exposure, type of outcome, and study 

design.  

Type of Participants: All studies of adult people with asthma aged 18 years and over were 

eligible for inclusion in this review.  

Type of Exposure/Intervention: All studies that had assessed either OCS or ICS. 

Type of Outcome: The primary outcomes of interest were the mean difference in BMD in 

absolute measure (𝑔 𝑐𝑚2) ⁄ , the risk of osteoporosis, and risk of fracture due to ICS and OCS 

as separate exposures. The secondary outcome was to examine separately the effect of ICS and 

OCS on mean change over time in BMD (𝑔 𝑐𝑚2) ⁄  in asthma. 

Study Design: All RCT and observational studies (cross-sectional, case control, and cohort) 

were eligible. 

Prespecified exclusion criteria were non-human studies; non original research (reviews, 

editorials, protocols); case-series, case reports studies, letters to editors; and studies of mixed 

groups of participants (e.g. asthma and COPD) where not solely reported for the asthma group.  

Search strategy 

We searched bibliographic databases MEDLINE and EMBASE (via Ovid) from their inception 

to 3 July 2020 by using different combinations of free text and database specific index terms 

(e-Table 1). The reference list of included studies and existing systematic reviews was also 

used to identify additional potentially relevant articles. Unpublished sources of data were not 

included, as the evaluation of their quality in absence of a peer-review process could not be 

ensured. Searches were designed with assistance from a professional research librarian. 

Selection of studies and data extraction 

The results of the searches were imported to Rayyan QCRI (16) and duplicates removed. Two 

reviewers (CC, TM) independently screened the titles and abstracts and any conflicts resolved 

by discussion. Duplicates and records that did not meet eligibility criteria were excluded at this 

stage. All relevant studies were obtained, and the full text was screened independently by two 
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reviewers (CC, TM). Any disagreements were resolved through discussion or with the help of 

the third reviewer (DS).  

Two review authors (CC, TM) independently extracted data and cross checked the extracted 

information on study characteristics, participants, interventions, and reported outcomes using 

a devised data extraction form. Variables of interest included: author, year of study, study 

design, country, data source, reference population, type/dose/years of steroid exposure, 

outcome, demographic of study population, number of people recruited, and adjustment for 

confounders. Where the adjusted measure was not available the crude was used. Any 

differences related to the data extraction were resolved by rechecking the full text of the study 

or by discussion. When study data were ambiguous or data were not reported in a form that 

could be used for formal comparison, we contacted the corresponding author of the original 

publication via email.  

Assessment of risk of bias 

Two review authors (CC, TM) independently assessed the risk of bias for each study. Any 

disagreements were resolved through discussion. The Cochrane risk of bias RoB 2 (17) tool 

was used to evaluate the risk of bias of randomised controlled trials, whereas the risk of bias in 

observational studies was evaluated incorporating the Newcastle-Ottawa Scale (18). High 

quality was defined as a grade of ≥ 6. Both case-control and cohort studies had a maximum 

score of 9; whereas cross-sectional studies had a score of 7.   

Statistical analysis 

Narrative synthesis of evidence was conducted for all included studies. Meta-analysis using 

random effects models was performed to allow for apparent heterogeneity among studies given 

the different study designs and population characteristics. The studies were grouped into people 

with asthma on steroids versus not on steroids, or on low steroid dose, and people with asthma 

on steroids vs healthy controls. Separate meta-analyses were performed for RCTs and 

observational studies. The generic inverse variance method was used for pooling. Pooled 

relative estimates were calculated using either odds ratio or hazard ratio with 95% CI for 

osteoporosis and fractures and mean difference with 95% CI for BMD. Measures of effect 

adjusted for confounders were used in preference to crude. Effect estimates were manually 

calculated when needed. The Dersimonian-Laird method was used to estimate the between-

study variance 𝑇2. The percentage of variability in the effect sizes not caused by sampling error 

was tested by using the Higgins’ 𝐼2 test, with estimates of 25%, 50% and 75% indicating low, 

moderate and high heterogeneity respectively. We used the overall effect Z-test to determine 
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the significance level for treatment effects. If a study had several arms involving different ICS 

or OCS doses, the highest dose was used. If a meta-analysis had high heterogeneity (𝐼2 ≥75%) 

a sensitivity analysis was also conducted excluding those studies with a substantial lower or 

higher estimate than the majority of the included studies in order to examine possible reasons 

of high heterogeneity. The symmetry of a funnel plot was inspected if a meta-analysis included 

five or more studies and used Egger’s test was used to assess for publication bias, when data 

of 10 or more studies were available according to Cochrane’s recommendation. All meta-

analyses were conducted in R v4.0.3 using the “meta” and “metafor” packages and all statistical 

tests were two sided and used a significance level of p < 0.05. 

 

Results 

The searches yielded 3468 citations, with 2868 after removing duplicates. 2764 articles were 

excluded after reviewing the titles and abstracts (e-Figure 1). Of the remaining 104 studies, 76 

were removed after reviewing the full article. A total of 28 studies were included in this review 

and 26 in the meta-analyses. six studies were RCT and 22 were observational with 20 being 

included in the review on BMD, nine having data on osteoporosis, and nine having information 

on fractures.  

Bone mineral density 

Twenty studies were identified reporting BMD measurement (19–38) of which six studies were 

randomized controlled trials (19,20,30–33), nine were case-controls (21–28,38), five were 

cross-sectional studies (34–37), and a cohort study (29) (Table 1). The search did not identify 

studies looking at OCS and BMD in asthma. It was not possible to calculate the 95%CI around 

the mean difference of two RCT (31,32), so they were included in Table 1, but not in the meta-

analysis. In all studies, BMD was measured using the Dual Energy X-ray Absorptiometry 

(DEXA). The sample size of the studies was relatively small ranging from 23 to 238 

participants. Beclomethasone dipropionate was the most commonly evaluated ICS and the 

average daily ICS dose was between 500 and 2000μg. There was a predominance of women in 

studies. The mean patient age ranged from 28 to 63 years, with the majority of the studies 

consisting of people aged under 50 years.  

BMD at lumbar spine 

People with asthma exposed to ICS had not a statistically significant reduced BMD at spine 

compared to healthy controls according to observational studies (pooled mean difference = -
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0.032 𝑔 𝑐𝑚2 ⁄ ; 95%CI -0.064 to 0.0; p = 0.05; 𝐼2 = 62%) and RCT (mean difference = -

0.07𝑔 𝑐𝑚2 ⁄ ; 95%CI -0.227 to 0.87) (Figure 1). The mean daily ICS dose lay between 325 and 

1100 μg/d in the majority of the studies. Additionally, meta-analysis of both RCTs and 

observational studies comparing exposed and nonexposed people with asthma did not find 

evidence of decreased BMD between people with asthma receiving and not receiving ICS 

(Figure 2). Similarly, meta-analysis of RCT was not able to detect spinal bone loss over two 

years for people with asthma on ICS compared to those not receiving an ICS (pooled mean 

difference = -0.003 𝑔 𝑐𝑚2 ⁄ ; 95%CI -0.009 to 0.002; p = .24; 𝐼2 = 0%)  (e-Figure 2). 

BMD at femoral neck 

ICS use was not associated with decreased BMD at the femoral neck when comparing exposed 

people with asthma and healthy controls (Figure 1). Similar findings were seen in the 

observational studies and in one RCT (Figure 3) between people with asthma either receiving 

ICS, or not, Additionally, a meta-analysis of RCT was not able to detect femoral neck bone 

loss over time between people with asthma taking ICS, or not, (pooled mean difference = 0 

𝑔 𝑐𝑚2 ⁄ ; 95%CI -0.013 to 0.014; 𝐼2 = 29%) (e-Figure 2). 
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Table 1. Details of the included studies having the BMD mean difference between the comparison groups as outcome. 

Study, 

Year 

Study Design, 

Country 

Comparison 

Groups 

Sampling 

(Cases/Controls) 

Mean Age (yrs.) 

(Cases/Controls) Female (%) 

Type of 

corticosteroid 

Corticosteroid 

exposure 

Mean BMD# difference (95% CI) 

between comparison groups 

People with asthma exposed to OCS/ICS vs people with asthma nonexposed or exposed to low dose 

Boulet 

(28), 1994 

Case-control, 

Canada 

High ICS VS 

no or low ICS 

37/37 46.8/45.4 62 BDP 1140μg/d VS 89μg/d 

(mean) 

For at least 18 months 

L2-L4 spine: -0.01 (-0.076 to 0.056) 

Femoral neck: 0.025 (-0.031 to 0.081) 

Ward’s triangle: 0.014 (-0.033 to 0.061) 

Gagnon 

(34), 1997 

Cross-sectional, 

Canada 

High ICS VS 

low ICS  

31/27 49/45 41.3 BDP, BUD ≥800μg/d VS 

≤500μg/d  

L2-L4 spine: -0.02 (-0.101 to 0.061) 

 

Wisniews

ki 

(35),1997 

Cross-sectional, 

UK 

ICS VS no 

ICS 

47/34 32/28.2 53.1 BDP, BUD ≥ 5 yrs. Mean ICS: 

7.8yrs. 

MEN: median 

cumulative dose: 

1.37g. Median daily 

dose the last year: 

500μg. 

WOMEN: median 

cumulative dose: 

0.94g. Median daily 

dose the last year: 

450μg. 

Male 

L2-L4 spine: 0.07 (-0.026 to 0.166) 

Femoral neck: 0.08 (-0.023 to 0.183) 

Female 

L2-L4 spine: -0.045 (-0.123 to 0.033) 

Femoral neck: -0.06 (-0.148 to 0.028) 

 

Egan 

(19),  

1999 

RCT, UK High ICS VS 

low ICS 

 

16/16 

 

33/30 

 

46.9 BDP 2000μg/d VS 

≤400μg/d 

Total body: -0.061 (-0.133 to 0.011) 

L2-L4 spine: 0.007 (-0.132 to 0.146) 

Femoral neck: -0.071 (-0.203 to 0.061) 

Laatikain

en (36), 

1999 

Cross-sectional, 

Finland 

ICS VS no 

ICS 

12/13 53.7 100 BDP, BUD Mean daily dose: 

1mg. 

Mean duration: 5.2 

yrs. 

L2-L4 spine: -0.084 (-0.209 to 0.041) 

Femoral neck: -0.021 (-0.114 to 0.072) 

Li (20), 

1999 

RCT, USA ICS VS 

placebo 

32/32 28/31.1 14 FP 1000μg/d for 104 

weeks 

L2-L4 spine: 0.001 (-0.095 to 0.097) 

*Kaye 

(31),  

2000 

RCT, USA ICS VS no 

steroids 

11/18 39/39 55.2 FLUNI 500μg/d L2-L4 spine: 0.059  

Femoral neck: -0.072  

Ward’s triangle: -0.055  

Trochanter: 0.01  

Matsumo

to (37), 

2001 

Cross-sectional, 

Japan 

Low ICS VS 

high ICS  

9/26 60.6 57.1 BDP 1,268μg/d VS 

615μg/d (mean) 

during the study.  

L2-L4 spine: -0.079 (-0.171 to 0.013) 

 

*Tattersfi

eld (32), 

2001 

RCT, France, 

New Zealand, 

Spain, UK 

ICS VS no 

steroids 

74/78 36/36 53 BDP 499μg/d Total body: -0.006  

L2-L4 spine: -0.069  

Femoral neck: -0.035 
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People with asthma exposed to OCS/ICS vs healthy controls 

Herrala 

(29), 1994 

Cohort, Finland ICS VS 

healthy 

controls 

19/19 52.6/52.6 100 BDP 1000μg/d for one year L2-L4 spine: 0.044 (-0.078 to 0.146) 

Femoral neck: 0.006 (-0.067 to 0.079) 

Ward’s triangle: 0.003 (-0.443 to 0.449) 

Trochanter: 0.019 (-0.07 to 0.108) 

Ip (38) 

,  

1994 

Case-Control, 

Hong Kong 

ICS VS 

healthy 

controls 

30/30 32.5/32.5 60 BDP, BUD ≥3 months. Mean 

daily dose: 1,100μg. 

Cumulative dose: 

932mg 

Mean duration: 40 

months 

L2-L4 spine: -0.067(-0.12 to -0.014) 

Femoral neck: -0.039 (-0.098 to 0.02) 

Ward’s triangle: -0.11 (-0.189 to -0.031) 

Trochanter: -0.048 (-0.107 to 0.011) 

Luengo 

(21), 1997 

Case-control, 

Spain 

ICS VS 

healthy 

controls 

48/48 56/55 68.8 BDP, BUD ≥1 yr. Mean daily 

dose: 662μg 

Mean duration: 10.6 

yrs 

L2-L4 spine: 0.04 (-0.034 to 0.114) 

 

Egan 

(19),  

1999 

RCT, UK ICS VS 

healthy 

controls 

16/7 33/32 43.5 BDP 2000μg/d 

 

Total body: -0.068 (-0.154 to 0.018) 

L2-L4 spine: -0.07 (-0.226 to 0.086) 

Femoral neck: -0.072 (-0.199 to 0.055) 

Fujita 

(22), 2001 

Case-Control, 

Japan 

ICS VS 

healthy 

controls 

Premenopausal: 

17/24 

Postmenopausal: 

19/21 

Premenopausal: 

46.8/46.6 

Postmenopausal: 

53.7/52.4 

100 BDP Mean dose during the 

study: 

Premenopausal: Daily 

551μg, Cumulative: 

345mg. 

Postmenopausal: 

Daily: 534μg, 

Cumulative: 350mg. 

Premenopausal: 

L2-L4 spine: -0.039 (-0.118 to 0.040) 

Postmenopausal: 

L2-L4 spine: -0.118 (-0.183 to -0.053) 

Sivri (23),  

2001 

Case-Control, 

Turkey 

ICS VS 

healthy 

controls 

32/26 54.2/53.7 100 BDP Mean daily dose: 

987μg. 

Cumulative dose: 

932mg 

Mean duration: 5.7 

yrs 

 

L2-L4 spine: -0,11 (-0.190 to -0.03) 

Femoral neck: -0,12 (-0.188 to -0.052) 

 

El (24), 

2005 

Case control, 

Turkey 

ICS VS 

healthy 

controls 

45/46 44/44.3 100 NR Mean: annual dose: 

120.1 mg, cumulative 

dose: 345.7mg, daily 

dose: 326.4 μg 

≥6 months. Mean 

duration: 2.8 yrs 

L2-L4 spine: -0,002 (-0.092 to 0.088) 

Femoral neck: -0,046 (-0.093 to 0.001) 

Ward’s triangle: -0.085 (-0.145 to -0,025) 

Trochanter: -0.014 (-0.06 to 0.032) 

Sosa (25),  

2006 

Case-control, 

Spain 

ICS VS 

healthy 

controls 

105/133 53/49.7 100 NR ≥ 1 yr. Median ICS:10 

yrs. 

L2-L4 spine: -0.031 (-0.078 to 0.016) 

Femoral neck: -0.004 (-0.038 to 0.03) 
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Yanik 

(26), 2009 

Case-control, 

Turkey 

ICS VS 

healthy 

controls 

46/60 62.5/63 100 BUD, FP, BDP Cumulative dose: 

798.3μg, mean daily 

dose:324.9μg 

Median ICS: 4.3 yrs. 

Total spine: 0.07 (-0.021 to 0.161) 

Femoral neck: 0.09 (0.022 to 0.158) 

 

Monadi 

(27), 2015 

Case-control, 

Iran 

ICS VS 

healthy 

controls 

44/50 49.2/47.4 70 FP, BUD, BDP Mean daily dose: FP: 

650mcg, BDP: 

600mcg, BUD: 

640mcg. 

Median ICS: 6.5 yrs. 

Aged ≥ 50 yrs 

L2-L4 spine: 0.02 (-0.039 to 0.079) 

Femoral neck: 0 (-0.059 to 0.059) 

Aged ≥ 50 yrs 

L2-L4 spine: -0.06 (-0.123 to 0.003) 

Femoral neck: -0.08 (-0.131 to -0.029) 

Abbreviations: BDP, Beclomethasone dipropionate; BUD, Budesonide; ΤΑ, Triamcinolone acetonide; FL, Flunisolide; FP, Fluticasone propionate; NA, Not applicable; NR, 

Not reported. 

*Not able to calculate the 95%CI due to lack of data. 
#The BMD was measured using Dual energy x-ray absorptiometry (DEXA). 
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Figure 1. Meta-analysis of mean difference in BMD at (A) spine and (B) femoral neck. Black box, effect estimates from 

single studies; Diamond, pooled result with confidence interval; Vertical line at ‘0’ on the x-axis is the line of no effect; 

Weight (in %), influence an individual study had on the pooled result. 
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Figure 2. Meta-analysis of (A) randomized clinical trials and (B) observational studies on mean difference in BMD at spine. 

Black box, effect estimates from single studies; Diamond, pooled result with confidence interval; Vertical line at ‘0’ on the 

x-axis is the line of no effect; Weight (in %), influence an individual study had on the pooled result.  
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Figure 3. Meta-analysis of (A) randomized clinical trials and (B) observational studies on mean difference in BMD at spine. 

Black box, effect estimates from single studies; Diamond, pooled result with confidence interval; Vertical line at ‘0’ on the 

x-axis is the line of no effect; Weight (in %), influence an individual study had on the pooled result.  
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Risk of osteoporosis 

Details of the included studies are shown in Tables 2 and 3. Nine studies (26,27,39–45) were 

identified reporting the risk of osteoporosis. There was one cross-sectional studies (40), five 

case-controls studies (26,27,42,43,45), and three cohort studies (39,41,44). In all of the studies 

the percentage of females was higher. The mean age of the study populations ranged from 38 

to 69.4 yrs. The percentage of female participants were larger compared to males. Six studies 

reported the risk of osteoporosis comparing people with asthma exposed and nonexposed to 

OCS (39–45), two studies estimated the risk between people with asthma exposed to ICS and 

healthy controls (26,27), and just one the risk of osteoporosis between people with asthma 

taking ICS compared to non-users (45). Prednisolone was the predominant OCS and the 

evaluated ICS were fluticasone proprionate, budesonide and beclomethasone dipropionate.  

The pooled OR of the five studies (39,40,42,44,45) between people with asthma exposed and 

nonexposed to OCS was 2.38 (95%CI: 1.51to 3.75; 𝐼2 = 97%)  and other two studies (41,43) 

reported a pooled HR of 1.76 (95%CI: 1.48 to 2.09; 𝐼2 = 68%) (Figure 4). The high degree of 

heterogeneity of the pooled OR is to some extent attributable to the two large studies (40,45) 

that found participants taking OCS had around a fivefold greater risk of being diagnosed with 

osteoporosis than nonexposed people with asthma. In a sensitivity analysis removing these 

studies, OCS were still significantly associated with osteoporosis, with less heterogeneity 

(pooled OR=1.41; 95%CI: 1.21 to 1.63; 𝐼2 = 69%) (e-Figure 3). Just one study (45) reported 

the odds of osteoporosis due to ICS between people with asthma receiving high doses (>120 

mg/y) and nonexposed people with asthma (OR=1.63; 95%CI: 1.33 to 1.99). A non-statistically 

significant increased odds of osteoporosis with ICS exposure between people with asthma and 

healthy controls was seen (OR=1.03; 95%CI: 0.54 to 1.98; 𝐼2 = 0%) (26,27).  

Risk of fractures 

Tables 2 and 3 summarise the details of the nine studies (25,26,39,40,42,44–47) reporting 

fracture risk. One was cross-sectional (40), five case-controls (25,26,42,45,47), and three 

cohort (39,44,46). There was a predominance of females in all of the studies and the mean age 

was between 28.2 and 63 yrs. Six studies compared people with asthma exposed and 

nonexposed to OCS (39,40,42,44–46), two included people with asthma exposed and 

nonexposed to ICS (45,47), and in two studies the comparison groups were people with asthma 

on ICS and healthy controls (25,26). Prednisolone was the most frequent OCS, whereas 

budesonide and beclomethasone dipropionate were the common ICS in the studies when 

reported. 
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People with asthma exposed to OCS were at greater risk of fracture (pooled OR=1.45; 95%CI: 

1.24 to 1.70; 𝐼2 = 77%) (Figure 5). Both the result and heterogeneity were almost the same in 

the sensitivity analysis after excluding one study (46) with a much higher OR (e-Figure 4). 

Larger doses (>120 mg/y) of ICS elevated the risk (pooled OR=1.19; 95%CI: 1.05 to 1.35; 

𝐼2 = 0%) (45,47). Exposed people with asthma had a greater risk than healthy controls, but it 

was not statistically significant (pooled OR=1.73; 95%CI: 0.56 to 5.38; 𝐼2 = 53%) (25,26). 
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Table 2. Details of the included studies having a diagnosis of osteoporosis or fractures as outcomes. 

Study, Year 

Study Design, 

Country Comparison Groups Outcome 

Ascertainment of 

Osteoporosis/Fracture 

Sampling 

(Cases/Controls) 

Mean Age (yrs) 

(Cases/Controls) Female (%) 

People with asthma exposed to ICS/OCS vs people with asthma nonexposed or exposed to low dose 

Adinoff (46), 

1983 

Prospective/Retrosp

ective cohort, USA 

Long-term OCS VS intermittent 

or no OCS exposure 

Fracture NA / X-ray  Prospective:19/11 

Retrospective: 128/54 

Prospective: 44.4/47.7 

Retrospective: NR 

Prospective: 70 

Retrospective:  67 

Johannes (47), 

2005 

Case-control, USA With fractures on ICS VS 

without fractures on ICS 

Fracture NA / ICD-9 codes  1033/10244 52.9/52.2 70.6 

Zazzali (39), 

2015 

Cohort, USA OCS VS no OCS Osteoporosis, 

Fracture 

ICD-9 codes/ICD-9 codes 1980/1964 54.4/54.4 68.1 

Sweeney (40), 

2016 

Cross-sectional, UK OCS VS no OCS Osteoporosis, 

Fracture 

Read codes / Read codes 808/3975 59/58 63 

Daugherty (41), 

2017 

Cohort, UK OCS VS no OCS Osteoporosis Read codes / NA 35424/24994 54.8/51.5 61.8 

Bloechliger (42), 

2018 

Nested case control, 

UK 

Fracture or osteoporosis on 

OCS VS without fracture or 

osteoporosis on OCS 

Osteoporosis 

and fracture 

(combined) 

Read codes / Read codes 8907/35445 54.3/NR 69.1 

Price (43), 2018 Case-control, UK OCS VS no OCS Osteoporosis Read codes / NA 23422/23422 49/44 65 

Sullivan (44), 

2018 

Cohort, USA OCS VS no OCS Osteoporosis, 

Fracture 

ICD-9 codes / ICD-9 codes 72063/72063 38/38 66 

Chalitsios (45), 

2020 

2 Case-controls, UK ICS VS no ICS  

OCS VS no OCS 

Osteoporosis, 

Fracture 

Read codes / Read codes Osteoporosis: 

1564/3313 

Fractures: 

2131/4421 

Osteoporosis: 

69.4/68.1 

Fractures: 

65.1/64 

Osteoporosis: 81 

Fractures: 71 

People with asthma exposed to ICS/OCS vs healthy controls 

Sosa (25), 2006 Case-control, Spain ICS VS healthy controls Fracture NA / Radiologists’ and 

emergency reports, and X-

rays. 

105/133 53/49.7 100 

Yanik (26), 2009 Case-control, 

Turkey 

ICS VS healthy controls Osteoporosis, 

Fracture 

BMD / History of doctor-

diagnosed bone fractures. 

46/60 62.5/63 100 

Monadi (27), 

2015 

Case-control, Iran ICS VS healthy controls Osteoporosis BMD classification / NA 44/50 49.2/47.4 70 

Abbreviations: ICS, Inhaled corticosteroids; OCS, Oral corticosteroids; BMD, Bone mineral density; NA, Not available; NR, Not reported. 
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Table 3. Outcomes and results of the included studies having a diagnosis of osteoporosis or fractures as outcomes. 

Study/Year Type of corticosteroid Corticosteroid 

exposure Adjustments 

OR/HR (95% CI) 

Fractures  

OR/HR (95% CI) 

Osteoporosis  

People with asthma exposed to ICS/OCS vs people with asthma nonexposed or exposed to low dose 

Adinoff (46), 

1983 

Prospective: NR 

Retrospective: 

Prednisone 

Prospective: NR 

Retrospective: 

Mean daily dose: 30mg 

Mean duration: 8 yrs. 

 

No adjustment Prospective: 

OR: 17 (0.87 to 330) 

Retrospective: 

OR: 13.8 (0.81 to 235.69) 

NA 

Johannes (47), 

2005 

FP, BDP, BUD, FLUNI, 

TA 

Mean daily dose μg: 

1-167 

168-504 

> 505 (or 184 mg mean cumulative 

dose/y) 

Demographics, 

comorbidities, 

medications, OCS use 

OR:  

1.00 (0.84 to 1.18) 

1.02 (0.83 to 1.26) 

1.14 (0.80 to 1.62) 

NA 

Zazzali (39), 

2015 

Prednisolone Mean annual dose: 2259mg No adjustment. 

Matching on age, 

gender, region. 

OR: 2.23 (1.30 to 3.83) OR: 1.83 (1.31 to 2.56) 

Sweeney (40), 

2016 

Prednisolone Median cumulative dose/y: 

1960mg 

Hospital, age and 

gender 

OR: 1.54 (1.06 to 2.22) OR: 5.23 (3.97 to 6.89) 

Daugherty 

(41), 2017 

NR Mean daily dose mg:   

≤2.5  

Age>60 yrs. NA HR:  

1.64 (1.51 to 1.78) 

Bloechliger 

(42), 2018 

Prednisolone Current use (<180 days) 

Recent use (180-365 days) 

Past use (>365 days) 

Alcohol, smoking, BMI, 

medication, ICS, 

Charlson score. 

Matching on index date, 

age, gender, follow-up. 

OR:  

1.27 (1.17 to 1.37) 

1.18 (1.08 to 1.29) 

1.05 (1.00 to 1.10) 

OR:  

1.27 (1.17 to 1.37) 

1.18 (1.08 to 1.29) 

1.05 (1.00 to 1.10) 

Price (43), 

2018 

Prednisolone, 

methylprednisolone, 

prednisone, 

betamethasone, 

dexamethasone, 

hydrocortisone, 

or cortisone acetate 

Any use 

cumulative dose g 

0.5-1 

1-2.5 

2.5-5 

5-10 

≥10 

Age, gender, BMI, 

smoking. 

NA HR:  

1.96 (1.63 to 2.34) 

1.20 (0.94 to 1.53) 

1.87 (1.48 to 2.36) 

3.65 (2.84 to 4.70) 

4.65 (3.52 to 6.14) 

8.23 (6.20 to 10.91) 

Sullivan (44), 

2018 

NR 1-3 OCS prescriptions 

≥ 4 OCS prescriptions 

Age, sex, region, years 

since the index date, 

insurance type, 

immunosuppressive 

medication (not OCS), 

comorbidity. 

OR:  

1.08 (1.02 to 1.14) 

1.21 (1.04 to 1.40) 

OR:  

1.05 (0.99 to 1.11) 

1.44 (1.28 to 1.63) 
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Chalitsios 

(45), 2020 

Prednisolone, FP, BDP, 

BUD 

OCS cumulative dose mg 

≤500 

501-100 

1001-2500 

>2500 

ICS cumulative dose mg 

≤40 

41-80 

81-120 

>120 

smoking, BMI, social 

class, Charlson 

Comorbidity Index, any 

previous fracture, any 

previous fall, 

bisphosphonates, and 

number of ICS or OCS 

prescriptions. Matching 

on age, gender 

OCS OR:  

1.11 (0.92 to 1.32) 

1.20 (0.84 to 1.70) 

1.54 (1.10 to 2.14) 

1.99 (1.30 to 3.04) 

ICS OR:  

0.94 (0.78 to 1.31) 

1.13 (0.93 to 1.63) 

1.14 (0.90 to 1.78) 

1.20 (1.08 to 1.42) 

 

OCS OR: 

1.21 (1.03 to 1.43) 

2.05 (1.57 to 2.68) 

4.04 (3.12 to 5.12) 

4.79 (3.38 to 6.79) 

ICS OR: 

1.18 (0.95 to 1.47) 

1.26 (0.98 to 1.60) 

1.50 (1.21 to 1.87) 

1.63 (1.33 to 1.99) 

People with asthma exposed to ICS/OCS vs healthy controls 

Sosa (25), 

2006 

NR ≥ 1 yr. Median duration: 10 yrs. Age OR: 2.79 (1.19 to 6.54) NA 

Yanik (26), 

2009 

BUD, FP, BDP Cumulative dose: 798.3mg,  

Mean daily dose: 324.9μg 

Median duration: 4.3 yrs. 

No adjustment OR: 0.85 (0.22 to 3.23) OR: 0.84 (0.38 to 1.84) 

Monadi (27), 

2015 

FP, BUD, BDP Mean daily dose: FP: 650mcg, 

BDP: 600mcg, BUD: 640mcg. 

Median duration: 6.5 yrs. 

No adjustment. 

Matching on age, 

gender. 

NA OR: 1.60 (0.51 to 5.10) 

Abbreviations: BDP, Beclomethasone dipropionate; BUD, Budesonide; ΤΑ, Triamcinolone acetonide; FL, Flunisolide; FP, Fluticasone propionate; NA, Not applicable; NR, 

Not reported. 
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Figure 4. Meta-analysis of observational studies on odds ratio and hazard ratio of osteoporosis in asthma. Black box, effect 

estimates from single studies; Diamond, pooled result with confidence interval; Vertical line at ‘1’ on the x-axis is the line of 

no effect; Weight (in %), influence an individual study had on the pooled result.  
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Figure 5. Meta-analysis of observational studies on odds ratio of fractures in asthma. Black box, effect estimates from single 

studies; Diamond, pooled result with confidence interval; Vertical line at ‘1’ on the x-axis is the line of no effect; Weight (in 

%), influence an individual study had on the pooled result.  

 

Quality assessment 

Overall the risk of the included studies ranged from moderate to high/serious risk. Two RCT 

did not provide details about the allocation concealment process (19,20) and one RCT did not 

perform allocation concealment (31) (e-Table 3 & e-Figure 2). The BMD was ascertained via 

DEXA scanning. All of the RCT had some loss to follow-up for BMD measurements. Many 

observational studies did not achieve an adequate adjustment for confounders (e-Tables 4). 

Osteoporosis and fracture were evaluated using diagnostic codes which carry the possibility of 

misclassification bias apart from two studies which used x-rays (25,46). No publication bias 

was detected where funnel plot or Egger’s test were available (e-Figure 3 to e-Figure 7). A 

financial disclosure statement for each study can also be found in e-Table 5. 
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Discussion 

This systematic review examined the impact of corticosteroids on bone health in asthma. It did 

not find any association between ICS and reduced BMD at the spine and femoral neck in people 

with asthma. However, there was evidence of increased risk of osteoporosis and fracture in 

people with asthma exposed to OCS or high doses of ICS compared to people with asthma not 

receiving corticosteroids. 

Previous reviews followed a different methodology comparing people with asthma exposed to 

ICS not only with nonexposed people with asthma but also with healthy controls (12,13). They 

did not demonstrate a significant effect of ICS on BMD in people with asthma. In our specific 

analysis, we also did not find evidence of decreased BMD at the spine in people with asthma 

using ICS when compared to healthy controls. We were unable to show a statistically 

significant bone loss in people with asthma receiving ICS compared to nonexposed to ICS 

people with asthma. The small sample size of the studies and potential previous use of ICS 

during the study period may explain this result. Oddly, there appears to be a gap in the literature 

with respect to the effect of OCS on bone loss in asthma, and we were unable to identify any 

studies. The clinical significance of BMD measurement is important as this is the test used to 

detect osteoporosis and start protective treatment. Retrospective studies have shown that a 

reduction of 0.1𝑔 𝑐𝑚2 ⁄ in spine BMD is linked with a doubling of spine fracture rate (48,49).  

The adverse effect of OCS on bone health reported in a general population of OCS users (50) 

is confirmed in our study comparing exposed and nonexposed people with asthma. Compliance 

with current bone protection guidelines is important, and physicians should offer bone 

protection when prescribing OCS at high dose or for prolonged periods. Comparing people 

with asthma exposed and nonexposed to ICS, our study found that ICS had a negative impact 

on the risk of osteoporosis and fractures, but this occurred at higher doses (more than 80 and 

120 mg/y, respectively). Our findings might suggest that  ICS users may experience fractures 

at higher BMD levels, as happens with OCS users (8). The absence of a statistically significant 

association between ICS, osteoporosis, and fractures between exposed people with asthma and 

healthy controls, despite the increased odds, is likely the result of insufficient power, as only 

two small studies (osteoporosis: n =94, n=106; fractures: n=106, n= 238) reported results for 

these comparison groups. Surprisingly, the literature is limited regarding the effects of ICS on 

bone health in people with asthma and this is probably the reason why there is no clear asthma 

specific bone protection guideline. 
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Both ICS and OCS are used to treat asthma or prevent exacerbations. Patients should be advised 

to use the lowest effective dose that adequately controls their asthma symptoms and future risk 

to reduce the chance of bone related, side effects. Bone density screening and management of 

osteoporosis should be considered using available guidelines; however, physicians should be 

aware that, according to our findings, fractures can also occur even at normal BMD levels. 

Consequently, the overall risk of osteoporosis and need for prophylaxis should be assessed 

using parameters including long-term use of corticosteroids, age, and previous fracture. The 

FRAX risk tool (51) can also be used to distinguish patients at high-risk. Patients at high-risk 

should receive pharmacologic preventative treatment. Lifestyle changes (e.g. weight-bearing 

activities, smoking cessation etc.) are recommenced for patients with asthma receiving long-

term corticosteroids. Given the prevalence of asthma, need for long term steroid therapy and 

consequent risk of osteoporosis/fracture, an asthma specific bone protection guideline is 

needed to educate clinicians and patients, and reduce the risk of preventable osteoporotic 

fractures. 

Our study has some limitations. There is a potential bias due to uncontrolled confounders and 

heterogeneity in observational studies. The included studies did not provide sufficient data to 

conduct meaningful analyses according to steroid type and dosage. Searching was limited to 

published literature, as the evaluation of their quality in absence of a peer-review process could 

not be ensured. Additionally, data provided in this review were derived from studies that varied 

in study design and sources of data. Selective reporting cannot be excluded because tests and 

graphical assessment for publication bias are not sensitive enough owing to the small number 

of studies included in our meta-analysis (52).  

Conclusion 

We recognise the crucial role of corticosteroids in the treatment of asthma. However, 

physicians should be aware of the potential adverse effects on bone health and consider 

avoiding the inappropriate use of these treatments. Future asthma guidance should address the 

link between steroids and bone health. 
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