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Abstract 

The question of the study: Although inflammation is an important component of 

atherosclerosis, it is unknown whether inhaled corticosteroids as anti-inflammatory drugs prevent 

atherosclerosis.  

Patients and methods: Carotid atherosclerosis was evaluated by ultrasonography in 150 

asthmatic patients who had been regularly treated with inhaled corticosteroids and in 150 

matched controls, with an assessment of atherosclerotic risk factors.  

Results: Carotid intima-media thickness was significantly lower in the asthmatic patients than in 

the controls. The prevalence of carotid plaque tended to be lower in the asthmatic patients than 

that in the controls. Defined carotid atherosclerosis was diagnosed in 51 of the asthmatic patients, 

who were older, more in males and had higher prevalence of dyslipidemia, and a lower mean 

daily dose of inhaled corticosteroids than the other 99 patients without carotid atherosclerosis. 

Stepwise multiple logistic regression analysis demonstrated that age, male sex, and dyslipidemia 

were identified as positive risk factors for carotid atherosclerosis, whereas the mean daily dose of 

inhaled corticosteroids proved to be a negative risk factor.  

The answer to the question: Carotid atherosclerosis was reduced in asthmatic patients treated 

with inhaled corticosteroids, compared with matched controls. The present study suggests that 

inhaled corticosteroids may have protective effects against atherosclerosis. 
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Introduction 

Asthma is considered a chronic inflammatory disorder of the airways involving many cells 

and cellular elements [1]. Inhaled corticosteroids (ICSs) are now the most effective long-term 

controller therapy for the treatment of asthma, because they have a potent anti-inflammatory 

effect on the airways [2]. Compared with orally- or parenterally-administered corticosteroids, 

ICSs are thought to have little effect on tissues other than the airways. However, there is growing 

concern about systemic absorption and possible adverse systemic effects of ICSs [3]. They may 

include suppression of the pituitary-adrenal axis, reduced bone density, increased fracture risk, 

disturbed growth in children, and cataracts [4, 5]. Most of these effects have been shown to be 

dependent on ICS dosage. Therefore, it has been recommended that the lowest possible ICS dose 

should be used that is still effective for the maintenance of therapeutic efficacy [6]. 

It is generally accepted that inflammation plays an important role in the etiology of 

atherosclerosis [7]. However, administration of corticosteroids to combat inflammation has the 

potential to induce or exacerbate several known coronary risk factors, including hypertension, 

hypercholesterolemia, hypertriglyceridemia, and impairment of glucose tolerance [8]. The large 

cohort study of Varas-Lorenzo et al. demonstrated that use of oral corticosteroid was associated 

with a greater risk of acute myocardial infarction among more than forty thousand subjects from 

the general UK population [9]. Nevertheless, the anti-inflammatory properties of corticosteroids 

on the other side may exert beneficial effects on the initiation and progression of atherosclerosis. 

Corticosteroids reportedly have a directly inhibitory effect on the expression of adhesion 

molecules in vascular endothelial cells such as intercellular adhesion molecule-1, E-selectin [10], 

and vascular cell adhesion molecule-1 [11], all of which are thought to be involved in the early 



 

process of atherosclerosis [12]. Although concentrations of ICSs entering into the circulation are 

very low, they may have the potential to inhibit atherosclerosis-related inflammation, since this 

type of inflammation is chronic and moderate. The study of Varas-Lorenzo et al., as mentioned 

above, showed that there was no increase in the risk of acute myocardial infarction associated 

with the current use of ICSs [9]. Other study also suggests that ICSs administration may be 

associated with reduced risk of acute myocardial infarction in asthmatic patients [13]. Based 

upon these observations, we hypothesized that ICSs would exert anti-inflammatory effects on 

vascular walls and thereby protect atherosclerosis. In order to elucidate this issue, we compared 

atherosclerosis of the carotid arteries, which have been shown to be directly associated with 

cardiovascular diseases [14], between asthmatic patients regularly treated with ICSs and matched 

control subjects, and analyzed the risk factors for carotid atherosclerosis in the asthmatic patients.  

 

Patients and methods 

Study subjects 

For the evaluation of carotid atherosclerosis, 299 patients were randomly selected from among 

non-hospitalized Japanese asthmatic patients between January 2004 and October 2009 at the 

Miyatake Asthma Clinic according to the criteria of the American Thoracic Society [15]. All 

patients had reversible airway obstruction, defined as an increase in forced expiratory volume in 

1 second (FEV1) of more than 12 % after short-acting β2-agonist (salbutamol 0.4 - 0.8 mg) 

inhalation. Of the 299 patients, those meeting the following inclusion criteria were enrolled in 

this study: less than 65 years old, no regular use of oral corticosteroids and/or intravenous 

corticosteroids and having used ICSs regularly for at least the preceding two years. There were 



 

150 patients (76 males and 74 females) who met the inclusion criteria (Figure 1). Their mean age 

was 55.2 ± 7.6 years, and mean duration of asthma was 18 ±14 years (Table 1). The forced vital 

capacity (FVC) expressed as percent of predicted value was 86.9 ± 17.0 % and the ratio of FEV1 

to FVC (FEV1/FVC) was 73.6 ± 9.2 % before bronchodilator treatment. Blood eosinophil counts 

were 328 ± 292 /µl, while serum IgE concentrations were 260 IU/ml (91-593). During the 

preceding two years, 83 (55.3 %) patients had experience of having used oral and/or intravenous 

corticosteroids for the treatment of acute exacerbation of asthma and their average equipotent 

dose of prednisolone was 3.9 ± 3.6 mg/month. But there were no remarkable events, such as 

requiring emergency treatment or hospitalization. Some patients were concomitantly treated with 

inhaled short- and/or long-acting β2-agonists, inhaled disodium cromoglycate, theophylline, 

and/or leukotriene receptor antagonists when necessary. 

    All these patients underwent complete physical and laboratory examinations. FVC and FEV1 

were measured spirometrically (Autospiro AS-600; Minato Medical Science, Osaka, Japan). A 

diagnosis of hypertension was based on either a systolic blood pressure of ≥ 140 mmHg or a 

diastolic blood pressure of ≥ 90 mmHg by at least two measurements at sitting position, or the 

use of at least one antihypertensive drug. A diagnosis of dyslipidemia was based on either a 

serum LDL cholesterol level of ≥ 3.60 mmol/L, a serum triglyceride level of ≥ 4.61 mmol/L or a 

serum HDL cholesterol level of < 1.03 mmol/L, or administration of at least one hyperlipidemic 

drug. Diabetes mellitus was diagnosed by the American Diabetes Association criteria [16]. 

Smoking status was classified according to interview questions as never smoker, former smoker 

or current smoker. Patients with asthma were individually matched to control subjects on the 

basis of age, sex, and other atherosclerotic risk factors (diabetes mellitus, hypertension, 



 

dyslipidemia, and smoking status). The matched control subjects were selected from non-

asthmatic patients at the Osaka University Hospital. There were 150 matched control subjects (76 

males and 74 females). Their mean age was 54.9 ± 8.3 years who met the inclusion criteria 

(Table 1). 

     The institutional ethics committees approved the protocols for this study, and all participants 

gave a verbal informed consent. 

 

Inhaled corticosteroids 

A mean daily dose of ICSs was calculated from cumulative dose of ICSs administered during 

the preceding two years. Of the 150 asthma patients, 63 with inhaled fluticasone propionate (FP) 

(Flutide; GlaxoSmithKline, Tokyo, Japan), 63 patients were treated with inhaled budesonide 

(BUD) (Pulmicort; AstraZeneca, Osaka Japan), 8 with inhaled hydrofluoroalkane-

beclomethasone dipropionate (BDP) (Qvar; Schering-Plough, Tokyo, Japan), 8 with inhaled 

salmeterol/FP (Seretide; GlaxoSmithKline, Tokyo, Japan), 6 with inhaled hydrofluoroalkane-

ciclesonide (CIC) (Alvesco; Teijin Pharma, Tokyo, Japan) and 2 with inhaled 

chlorofluorocarbon-BDP (Aldecin; Schering-Plough, Tokyo, Japan) during the study period. The 

dose of daily administered ICSs was adjusted to an equipotent dose: with the dose of 

chlorofluorocarbon-BDP as reference, the conversion factors used to calculate equipotent doses 

were 1.25 for BUD and 2.0 for FP, hydrofluoroalkane-BDP and hydrofluoroalkane-CIC [17-19]. 

 

Carotid atherosclerosis 



 

To evaluate atherosclerosis of the carotid arteries, high resolution ultrasound B-mode imaging 

was performed with an echotomographic system (LOGIQ 200 MD; GE Yokogawa Medical 

Systems, Tokyo, Japan) using a 9.0-MHz transducer. The ultrasonographic measurement was 

manual and performed by the same operator who was unaware of the clinical status of the study 

subjects. Scanning of the extracranial carotid arteries in the neck was performed bilaterally in 

three different longitudinal projections (anterior, lateral, and posterior-oblique) as well as the 

transverse projection [20]. The intima and media thickness (IMT) of the carotid arteries, the 

distance between the lumen-intima interface and the media-adventitia interface, was measured at 

three different sites: the greatest thickness (max IMT) and two other points, 1 cm upstream and 1 

cm downstream from the site of the greatest thickness. The mean of the three measurements of 

the right and left IMT was defined as the mean IMT, as described previously [21]. A plaque 

lesion was defined as a distinct area with an IMT 50% greater than that of neighboring sites [22]. 

The carotid atherosclerosis was defined as the mean IMT ≥1.1 mm and/or the presence of a 

plaque lesion [21]. The intra-individual coefficient variations of max IMT and mean IMT were 

5.5 % and 3.9 %, respectively (for 8 healthy subjects of 35.4 ± 9.7 years, measured twice at 3.1 ± 

0.8-day intervals). 

 

Analysis 

We used all computerized profile of asthmatic patients and control subjects, blinded to the 

data of ICS dose and atherosclerosis, after removing all patient identifiers. The results are given 

as the mean ± SD or median (interquartile range). Subject characteristics data for two groups was 

compared by means of unpaired Student�s t-test for continuous variables and by chi-square test 



 

for categorical variables. To investigate the risk factor for carotid atherosclerosis, stepwise 

multiple as well as simple logistic-regression analyses were applied with 11 variables (age, male 

sex, body-mass index, hypertension, dyslipidemia, diabetes mellitus, smoking status, a mean 

daily dose of ICSs, duration of asthma, %FVC and FEV1/FVC (%)). These statistical analyses 

were performed using SAS version 9.1 for Windows (SAS Institute). The Akaike information 

criterion [23], which is a measure of the goodness of fit of the estimated models, was used for 

variable selection in this stepwise multiple logistic-regression analysis. The results by stepwise 

multiple logistic-regression analysis are reported as odds ratios with 95% confidence intervals. 

Two-sided P values of less than 0.05 were considered to indicate statistical significance.  

 

Results 

Table 1 shows the demographic characteristics of the asthmatic patients and the control 

subjects. Age, sex, body-mass index, and the prevalence of hypertension, dyslipidemia, and 

diabetes mellitus showed no significant differences between both groups. The prevalence of 

smoking status was significantly higher in the asthmatic patients than that in the control subjects 

(P = 0.04). The mean IMT and the max IMT of the carotid arteries of the asthmatic patients was 

significantly less than that of the control subjects (P = 0.002 and P < 0.0001, respectively). The 

prevalence of carotid plaque tended to be lower in the asthmatic patients than that in the control 

subjects, although this difference did not reach statistical significance (P = 0.06). The prevalence 

of atherosclerotic change of the carotid arteries was significantly lower in the asthmatic patients 

than that in the control subjects (P = 0.03).  



 

Table 2 shows characteristics of asthmatic patients, according to presence or absence of 

carotid atherosclerosis which the definition was described above. Fifty-one asthmatic patients 

had diagnosed carotid atherosclerosis while the other 99 patients did not. The patients with 

atherosclerosis were older  (P = 0.008) and had the higher prevalence of male sex (P = 0.013) and 

dyslipidemia (P = 0.003) than those without carotid atherosclerosis.  There was no significant 

difference in body-mass index, smoking status, or the prevalence of hypertension and diabetes 

mellitus between the patients with and those without atherosclerosis. Respiratory function 

expressed as %FVC and FEV1/FVC (%) showed no major difference between the two groups. 

Interestingly, the mean daily dose of ICSs was significantly lower for patients with than for those 

without carotid atherosclerosis (P = 0.02). There is no significant difference in the prevalence of 

patients treated inhaled β2-agonists (43.1% vs. 44.4%, P = 0.88), inhaled disodium cromoglycate 

(80.4% vs. 70.7%, P = 0.19), theophylline (13.7% vs. 19.2%, P = 0.40) and lekotriene receptor 

antagonists (6.1% vs. 7.8 %, P =0.68) between the patients with and those without atherosclerosis 

respectively.  

Table 3 shows the simple logistic-regression and stepwise multiple logistic-regression 

analyses in asthmatic patients. Among various factors, dyslipidemia (P = 0.004), male sex (P = 

0.015), and age (P = 0.026) were identified as a positive risk factor for carotid atherosclerosis, 

whereas the mean daily dose of ICSs (P = 0.023) was found to be a negative risk factor. The 

other variables, that is, body-mass index, hypertension, diabetes mellitus, smoking status, 

duration of asthma, %FVC, and FEV1/FVC (%) turned out not to be significant contributory risk 

factors for the atherosclerosis. In stepwise multiple logistic regression analysis, male sex (P < 

0.001), age (P = 0.001), and dyslipidemia (P = 0.018) were significantly related to the 



 

atherosclerosis, in contrast the mean daily dose of ICSs (P = 0.021) was a significant negative 

risk. 

 

Discussion 

Corticosteroids have metabolic effects which could induce or exacerbate hypertension, 

hyperglycemia, hypercholesterolemia, and hypertriglyceridemia, all of which could be 

proatherogenic [8]. It has been thus assumed that corticosteroid use promotes atherosclerosis, 

although this important issue is not yet settled [24]. On the other hand, since atherosclerosis has 

now been established as an inflammatory disease [7], the anti-inflammatory properties of 

corticosteroid drugs may be able to mitigate atherosclerotic vascular diseases. 

     In an attempt to determine the anti-atherogenic properties of corticosteroids, we aimed to 

study asthmatic patients regularly treated with ICSs. Asthma itself would not influence vascular 

inflammation, since inflammation is chiefly restricted to airways in this disorder. In addition, 

ICSs exert little metabolic effect. We therefore considered ICSs-treated asthmatic patients 

suitable for a study to clarify the effects of corticosteroids on atherosclerosis. To avoid the 

metabolic effects of corticosteroids that would potentially have a direct effect on atherosclerosis, 

we excluded patients who had been given regularly oral and/or intravenous corticosteroids. 

Therefore we considered that atherosclerotic risk of the asthmatic patients was not high compared 

with the control subjects in this study. We clearly denoted that the asthmatic patients were found 

to show significantly lower carotid IMT compared with control subjects in this study. 

Only a few studies have been carried out to analyze the effects of corticosteroids on the 

arteries as well as on cardiovascular events. Oral corticosteroid treatment has been reported to be 



 

associated with the progression of atherosclerosis, independent of traditional risk factors in 

patients with rheumatoid arthritis and SLE [25, 26]. The large cohort study of Varas-Lorenzo et 

al. reported that use of oral corticosteroid was associated with a greater risk of acute myocardial 

infarction among more than forty thousand subjects from the general UK population [9]. These 

studies suggest that oral corticosteroid treatment was associated with the progression of 

atherosclerosis. With regard to ICSs, Varas-Lorenzo et al. showed that there was no increase in 

the risk of acute myocardial infarction. Other study also suggests that ICSs may reduce the risk of 

acute myocardial infarction in asthmatic patients [13]. These reports suggest that ICSs, but not 

oral corticosteroids, may play a role of preventing atherosclerosis.  

The prevalence of carotid plaques in the asthmatic patients was higher than that in the control 

subjects (P = 0.06). Carotid IMT and carotid plaque are known to reflect biologically and 

genetically different aspects of the atherosclerotic process [27]. Twenty-one asthmatic patients 

had only mean IMT ≥ 1.1 mm, 24 had only a plaque lesion and 6 had both phenotypes in our 

study. We concluded that the mean IMT ≥ 1.1 mm and/or the presence of a plaque lesion were 

the most sensitive definition of carotid atherosclerosis to predict cardiovascular disease. Our 

results suggest that both lesions on carotid artery are repressed by chronic ICS administration in 

asthmatic patients. 

The comparison between asthmatic patients with carotid atherosclerosis and those without it 

showed no significant difference in the prevalence of the traditional atherosclerosis risk factors of 

obesity, hypertension, diabetes mellitus, and smoking status. The prevalence of hypertension was 

higher for patients with than those without carotid atherosclerosis, but the difference did not 

reach significance. Body mass index and smoking failed to contribute atherosclerosis in the 



 

present study. With regard to smoking, current smoker needed the larger amount of daily dose of 

ICSs dose compared with former and never smoker to control asthma [28]. The increase in daily 

dose of ICSs dose in smoker might be enough to protect the progression of carotid atherosclerosis 

because the extent of inflammation was moderate. Most importantly, the mean daily dose of ICSs 

for the preceding two years was significantly lower for patients with atherosclerosis. The 

influence of increasing daily dose of ICSs on a reduction in carotid atherosclerosis was proven by 

logistic-regression analyses. The sample size of 150 was enough to have a power of 82% to 

detect an association of ICSs with carotid atherosclerosis at a two-sided alpha of 0.05, using 

normal approximation formulas for logistic regression in Hsieh [29]. These results taken all 

together suggest that ICS treatment may have a dose-dependent anti-atherogenic effect on 

asthmatic patients. 

In an animal experiment, corticosteroid administration was shown to reduce the rate of plaque 

initiation or progression despite an increase in circulating cholesterol and triglycerides levels 

[30]. Besides the direct inhibitory effects of corticosteroids on vascular adhesion molecules 

expression [10, 11], their acute cardiovascular effects through non-transcriptional activation of 

endothelial nitric oxide synthase have also been demonstrated [31]. Relatively small amounts of 

ICSs are absorbed into the circulation, which sometimes result in hypothalamic-pituitary-adrenal 

axis suppression, abnormal bone metabolism, and cataracts [4, 5]. There is no information, 

however, about the effects of ICSs on cells that make up vessel walls. However, ICSs have been 

shown to have a higher affinity for glucocorticoid receptor [4] and stronger anti-inflammatory 

effects on bronchial epithelial cells [32] than dexamethasone and triamcinolone acetonide. 

Recently, ICS use has been shown associated with lower cardiovascular mortality in women with 



 

asthma [33]. Although atherosclerosis was not evaluated in that study, taken with our results, the 

lower cardiovascular mortality may be at least partly owing to the anti-atherogenic effects of 

ICSs.  

As a limitation, it should be noted that our study was a case-control study and the sample size 

still was not enough, even significant statistical power to elucidate atheroprotective effects of 

ICSs. Although further prospective studies in large number of patients are needed to confirm our 

findings, the results presented here indicate the potential of ICS drugs for the prevention and 

treatment of some aspect of atherosclerosis. 

In conclusion, ICSs-related systemic unfavorable effects have been shown in many clinical 

studies although ICSs are the mainstay of long-term treatment asthma [3-5]. In contrast, we were 

able to demonstrate that carotid atherosclerosis was less severe in asthmatic patients treated with 

ICSs than in control subjects. This favorable effect of ICS treatment was a dose-dependent 

fashion. The present study is the first report that ICSs may have protective effects against 

atherosclerosis 
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Figure legends 

Figure 1. Enrollment of asthmatic patients in the current study. ICSs denote inhaled 

corticosteroids. 

 



 

Tables 

Table 1. Characteristics of asthmatic patients and matched control subjects 

Characteristic Patients Controls P 

N 150 150  

Male sex � no. (%) 76 (50.7%) 76 (50.7%) 1.0 

Age - yr 55.2 ± 7.6 54.9 ± 8.3 0.70 

Body-mass index (kg/m2) 24.4 ± 3.8 23.9 ± 3.3 0.25 

Hypertension � no. (%) 59 (39.3%) 68 (45.3%) 0.29 

Dyslipidemia � no. (%) 81 (54.0%) 79 (52.7%) 0.82 

Diabetes mellitus � no. (%) 14 (9.3%) 15 (10.0%) 0.85 

Smoking status� no. (%) 

Never smoker 

Former smoker 

Current smoker 

 

76 (50.7%) 

49 (32.7%) 

25 (16.6%) 

 

94 (62.7%) 

30 (20.0%) 

26 (17.3%) 

0.04 

mean IMT (mm) 0.93 ± 0.18 1.01 ± 0.25 0.002 

max IMT (mm) 1.02 ± 0.22 1.18 ± 0.34 <0.0001 

Plaque � no. (%)  30 (20.0%) 44 (29.3%) 0.06 

Carotid atherosclerosis � no. (%) 51 (34.0%) 69 (46.0%) 0.03 

Values are means ± SD or numbers (percent in parenthesis). 



 

Table 2. Characteristics of asthmatic patients, according to presence or absence of carotid 

atherosclerosis 

Characteristic No Atherosclerosis Atherosclerosis P 

N 99 51  

Male sex � no. (%) 43 (43.4%) 33 (64.7%) 0.013 

Age - yr 53.1 ± 8.2 57.5 ± 5.9 0.008 

Body-mass index (kg/m2) 24.2 ± 3.9 24.7 ± 3.7 0.45 

Hypertension � no. (%) 35 (35.4%) 24 (47.1%) 0.17 

Dyslipidemia � no. (%) 45 (45.5%) 36 (70.6%) 0.003 

Diabetes mellitus � no. (%) 7  (7.1%) 7 (13.7%) 0.20 

Smoking status� no. (%) 

Never smoker 

Former smoker 

Current smoker 

 

50 (50.5%) 

29 (29.3%) 

20 (20.2%) 

 

26 (51.0%) 

20 (39.2%) 

5 (9.8%) 

0.18 

Duration of asthma - yr 17.9 ± 13.2 18.4 ± 15.1 0.81 

Mean daily dose of ICSs for the 

preceding two years* - µg/day 
641±346 510±267 0.02 

%FVC 86.9 ± 17.6 86.7 ± 16.0 0.93 

FEV1/FVC (%) 73.7 ± 9.5 73.2 ± 8.5 0.76 



 

Values are means ± SD or numbers (percent in parenthesis). A mean daily dose of ICSs was 

calculated from cumulative dose of ICSs administered during the preceding two years. For 

chlorofluorocarbon-beclomethasone dipropionate=1, conversion factors are 1.25 for budesonide 

and 2.0 for fluticasone propionate, hydrofluoroalkane-beclomethasone dipropionate and 

hydrofluoroalkane-ciclesonide. ICSs, inhaled corticosteroids; %FVC, forced vital capacity 

expressed as percent of predicted value; FEV1/FVC, ratio of forced expiratory volume in 1 

second to FVC. P values were obtained by Student�s t-test and chi-square test for comparisons 

between both groups. 



 

Table 3. Simple logistic-regression analysis and stepwise multiple logistic-regression analysis of 

independent factors for atherosclerosis of carotid arteries in asthmatic patients 

 
Simple logistic-regression 

analysis 

Stepwise 

multiple logistic-regression 

analysis 

Variable 
Odds Ratio  

(95% CI#) 
P 

Odds Ratio 

 (95% CI) 
P 

Male sex* 2.39 (1.20-4.87) 0.015 4.58 (2.01-11.06) <0.001 

Age (per 1 yr) 1.07 (1.02-1.13) 0.026 1.11 (1.05-1.18) 0.001 

Dyslipidemia* 2.88 (1.42-6.05) 0.004 2.58 (1.19-5.75) 0.018 

Mean daily dose of ICSs for the 

preceding two years� (per 100 

µg/day) 

0.87 (0.77-0.98) 0.023 0.86 (0.74-0.97) 0.021 

Hypertension*  1.63 (0.82-3.24) 0.17 Not entered 

Diabetes mellitus* 2.09 (0.68-6.47) 0.19 Not entered 

Smoking status* 0.82 (0.51-1.29) 0.40 Not entered 

Body-mass index� (per 1 kg/m2) 1.04 (0.95-1.13) 0.44 Not entered 

FEV1/FVC (%) 0.99 (0.96-1.03) 0.76 Not entered 

Duration of asthma (per 1 yr) 1.00 (0.98-1.03) 0.81 Not entered 

%FVC 0.99 (0.98-1.02) 0.76 Not entered 

#CI denotes confidence interval. *Dyslipidemia was 0, absent; 1, present; Smoking status was 0, 

never smoker; 1, former smoker; 2, current smoker; diabetes mellitus was 0, absent; 1, present; 



 

male sex was 0, female; 1, male; hypertension was 0, absent; 1, present. �Dose of inhaled 

corticosteroids is expressed as equipotent dose with chlorofluorocarbon-beclomethasone 

dipropionate as reference. For chlorofluorocarbon-beclomethasone dipropionate=1, conversion 

factors are 1.25 for budesonide and 2.0 for fluticasone propionate, hydrofluoroalkane-

beclomethasone dipropionate and hydrofluoroalkane-ciclesonide. ICSs, inhaled corticosteroids; 

%FVC, forced vital capacity expressed as percent of predicted value; FEV1/FVC, ratio of forced 

expiratory volume in 1 second to FVC. 

  

 


