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Abstract

Background: Inhaled dry powder mannitol is an osmotic agent with a 
potential to improve lung functions in Cystic Fibrosis (CF) patients and possibly 
act as a disease modifying agent. 

Aim: Primary outcomes are to evaluate the improvement of lung functions. 

Methods

Study selection criteria: Randomized trials that evaluated the improvement 
of lung functions in CF patients with the use of inhaled dry powder mannitol. 

Data collection & extraction: Articles were searched in Medline, Pubmed, 
and Ovid journals. 

Statistical method: Pooled proportions were calculated using fixed and 
random effects model. 

Results: Initial search identified 387 reference articles, of which 31 articles 
were selected and reviewed. Data was extracted from 6 studies (N = 771) 
which met the inclusion criteria. After the treatment duration (median12 weeks), 
FEV1% increased by 7.23 (95% CI = 6.88 to 7.58) and 2.77 (95% CI = 2.57 to 
2.97) in the pooled patients of treatment and control groups respectively. FEV1 
(in ml) improved by 114.12 (95% CI = 108.96 to 119.29) and 6.80 (95% CI = 6.13 
to 7.48) in treatment and control groups respectively. Odds ratio for pharyngeal 
pain, cough, hemoptysis and headache in treatment group compared to control 
group were 1.52 (95% CI = 0.91 to 2.52), 1.27 (95% CI = 0.85 to 1.90), 1.82 
(95% CI = 0.97 to 3.39) and 0.80 (95% CI = 0.54 to 1.19) respectively. 

Conclusion: Inhaled mannitol may be used as a chronic disease modifying 
treatment in patients with pulmonary CF and possibly improve the overall 
outcomes. 

Keywords: Inhaled mannitol; Cystic fibrosis; FEV1; Outcomes; Meta-
analysis and Systematic review

inhaled beta-2-adrenergic receptor agonists, inhaled DNase I 
(dornasealfa), hypertonic saline and chronic azithromycin therapy. 
Inhaled hypertonic saline, due to its osmotic effect, draws fluid on 
to the surface epithelium and reconstitutes the environment of 
normal respiratory airway surface. Inhaled dry powder mannitol (a 
sugar alcohol) is a drug that works by the same osmotic principle 
and draws fluid into the lumen of respiratory airways. It facilitates 
mucous clearance [6,7] increases ciliary beat frequency [8], acts as an 
expectorant by stimulating cough, clears the bacteria and debris lining 
the diseased respiratory epithelium. Eventually these actions translate 
into improved FEV1 [9-12]. Studies have shown improved FEV1/lung 
function [12,13], improved surface properties and hydration [14] 
with the use of inhaled mannitol. Two studies [13,15] have shown 
reduced CF exacerbation rates with the use of 400 mg mannitol by 
inhalation twice daily. As mentioned above, several studies have been 
published that evaluated the efficacy and safety profile of inhaled 
mannitol [12,13,15-18]. Although individual studies have shown 
encouraging results with the use of inhaled mannitol, Food and Drug 

Introduction
Cystic Fibrosis (CF) is caused by a defective protein - Cystic 

Fibrosis Transmembrane conductance Regulator (CFTR), due 
to mutations in a gene on chromosome 7. Malfunction of CFTR 
protein reduces the water content in various epithelial secretions 
(pancreatic, biliary, respiratory), resulting in difficult to clear viscous 
secretions. In the respiratory tract, these viscous secretions cause 
chronic obstruction of airways and facilitate chronic infection with 
pathogenic bacteria (secondary to decreased ability to kill bacteria, 
progressive colonization and bacterial biofilm formation on epithelial 
surfaces). Inflammatory reaction due to this chronic infection results 
in tissue damage and bronchiectasis [1,2]. CF disease is usually 
characterized by progressive decline in lung function superimposed 
with intermittent acute exacerbations. The disease flares are usually 
treated with antibiotics. CFTR modulators (ivacaftor) can be used 
in patients with a few specific type of gene mutations evident on 
CFRT genotyping [3-5]. Chronic treatments include short-acting 
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Administration (FDA) has declined the approval of this medication 
due to efficacy and safety (increased hemoptysis) concerns. There is 
ambiguity regarding the benefits and risks of mannitol therapy. In this 
meta-analysis we aim to pool the evidence regarding the efficacy and 
safety of inhaled mannitol in cystic fibrosis patients with pulmonary 
manifestations. 

Methods
Aim 

Primary outcomes are to evaluate the improvement of lung 
functions (FEV1 in ml, FEV1%, FVC in ml, FVC%) in CF patients 
that received inhaled dry powder mannitol 400 mg twice daily as a 
treatment intervention and compare it to a control arm that received 
inhaled mannitol 50 mg twice daily. Secondary outcomes are to 
compare the adverse events (pharyngeal pain, cough, hemoptysis and 
headache), quality of life measured by Cystic Fibrosis Questionnaire-
Revised (CFQ-R) [19], and reduction in CF pulmonary exacerbation 
in treatment group versus control group.

Study selection criteria
Inclusion criteria:

•	 Patients diagnosed with CF based on standard criteria [20].

•	 Patients should be capable of performing reproducible 
spirometry according to American thoracic society criteria 
[21].

•	 Treatment arm should have received Inhaled mannitol 400 
mg twice daily and control arm should have received a small 
amount of inhaled mannitol (40-50 mg twice daily). 

•	 Prior to each treatment, patients received pretreatment with a 
bronchodilator - Salbutamol 400 micro grams or terbutaline 
1 mg via a Metered-Dose Inhaler (MDI) and a volume spacer. 

•	 Patients with age above six years were included in this meta-
analysis. 

•	 Patients with predicted FEV1 of 40% to 91%. 

•	 In Jaques et al. [12], for subjects using hypertonic saline nebs 
prior to the study, a two week wash out period was required 
to be eligible for study enrollment. 

•	 Minasian et al. [16] included patients with age 8-18 years.

Exclusion criteria:

•	 Patients with current asthma, supplemental home oxygen 
requirement, colonization with Burkholderiacepacia, 
terminal illness, breast feeding, pregnancy, hemoptysis of 
more than 60ml in the last 12 months, portal hypertension, 
stroke or myocardial infarction in the last 3 months were 
excluded. 

•	 Patients with airway hyper-responsiveness (defined as greater 
than 15% fall in FEV1 after an airway challenge with mannitol) 
were excluded. Patients with known hypersensitivity to 
inhaled mannitol.

Data collection & extraction 
Articles were searched in Medline, PubMed, Ovid journals, 

EMABSE, Cumulative Index for Nursing & Allied Health Literature, 
ACP journal club, DARE, International Pharmaceutical Abstracts, 
old Medline, Medline nonindexed citations, OVID Healthstar, and 
Cochrane Central Register of Controlled Trials (CENTRAL). The 
search was performed for the years 1966 to January 2016. Abstracts 
were manually searched in the major pulmonology and critical care 
medicine, internal medicine journals for the past 3 years. Study 
authors for the abstracts included in this analysis were contacted when 
the required data for the outcome measures could not be determined 
from the publications. The search terms used were inhaled mannitol, 
cystic fibrosis, FEV1, lung function, meta-analysis, systematic 
review, outcomes, and complications. Two authors (AJ and VM) 
independently searched and extracted the data into an abstraction 
form. Any differences were resolved by mutual agreement. The 
agreement between reviewers for the collected data was quantified 
using the Cohen’s κ [22].

Definition
Clinical stability was defined as absence of antibiotic treatment 

in the two weeks prior to study enrollment and absence of systemic 
illnesses of any kind in the week prior to study entry. Active asthma 
is defined as “patients with ongoing signs and symptoms of asthma”. 
CF pulmonary exacerbation was defined based on Fuch’s criteria 4.

Quality of studies
Clinical trials designed with a control and treatment arms can 

be assessed for quality of the study. A number of criteria have been 
used to assess this quality of a study (e.g. randomization, selection 
bias of the arms in the study, concealment of allocation, and blinding 
of outcome) [23,24]. There is no consensus on how to assess studies 
designed without a control arm. Hence, these criteria do not apply to 
studies without a control arm [24].

Statistical methods 
This meta-analysis was performed by calculating pooled 

proportions. First the individual study proportion of FEV1 
increase from baseline, FVC improvement, adverse events etc, was 
transformed into a quantity using Freeman-Tukey variant of the 
arcsine square root transformed proportion. The pooled proportion 
is calculated as the back-transform of the weighted mean of the 
transformed proportions, using inverse arcsine variance weights 
for the fixed effects model and DerSimonian-Laird weights for the 
random effects model [25,26]. Forest plots were drawn to show the 
point estimates in each study in relation to the summary pooled 
estimate. The width of the point estimates in the Forest plots indicates 
the assigned weight to that study. The heterogeneity among studies 
was tested using Cochran’s Q test based upon inverse variance 
weights [27]. If p value is > 0.10, it rejects the null hypothesis that the 
studies are heterogeneous. The effect of publication and selection bias 
on the summary estimates was tested by both Harbord-Egger bias 
indicator [28] and Begg-Mazumdar bias indicator [29]. Also, funnel 
plots were constructed to evaluate potential publication bias [30,31]. 
Microsoft Excel 2013 software was used to perform statistics for this 
meta-analysis. 

Results
Initial search identified 387 reference articles, in which 31 

articles were selected and reviewed. Data was extracted from 6 
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studies [12,13,15-18] (N=771) that evaluated the efficacy and safety 
of inhaled mannitol in CF lung disease patients, which met the 
inclusion criterion. All the studies are published as full text articles. 
Figure 1 shows the flow diagram of search results. All the pooled 
estimates given are estimates calculated by the fixed effect model. 
Fixed effect model was preferred to random effects model for better 
accuracy based on the nature of individual study characteristics and 
heterogeneity. All the six studies included in this meta-analysis were 
prospective trials. Three trials [12,16,17] were cross over prospective 
studies. Three trials [12,16,18] were single centered studies. The total 
number of patients included in this meta-analysis is 771, with amale 
population (47%). Median age of the patients was 20 years. Patients 
were treated with inhaled mannitol 400mg twice daily for a range 
of twelve days to 52 weeks, with a median of twelve weeks. Table 1 
shows the baseline characteristics of the studies. The p for chi-squared 
heterogeneity for all the pooled accuracy estimates was > 0.10.The 
agreement between reviewers for the collected data gave a Cohen’s 
κ value of 1.0. 

Efficacy of inhaled mannitol
 After the treatment interventions, FEV1% increased by 7.23 

(95% CI = 6.88 to 7.58) and 2.77 (95% CI = 2.57 to 2.97) in the pooled 
patients of treatment and control groups respectively. FEV1 (in ml) 
improved by 114.12 (95% CI = 108.96 to 119.29) and 6.80 (95% CI 
= 6.13 to 7.48) in pooled patients of treatment and control groups 
respectively. In the pooled patients of treatment group, FVC (in ml) 
improved by 136.14 (95% CI = 129.84 to 142.45) and FVC% increased 
by 5.43 (95% CI = 5.15 to 5.72) after treatment. Heterogeneity among 
the individual studies was assessed with I2 (inconsistency) = 79.2% 
(95% CI = 42.9% to 88.8%). Bias indicator was Egger: bias = 0.53 (95% 
CI = -5.05 to 6.12) P = 0.80. Figure 2 is a forest plot representing the 
pooled and individual rates of improvement in FEV1% in treatment 
group. Figure 3 is a funnel plot assessing the publication bias for same 
variable. 

Morbidity associated with inhaled Mannitol
In the pooled proportion of patients, the odds ratio for pharyngeal 

Figure 1: Flow diagram: Search results.

Effect size meta-analysis plot [fixed effects]
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Figure 2: Forest plot - Individual study proportions and the pooled estimate 
for patients with improvement in FEV1% in treatment group (Fixed effects).

Sl. 
No Study Country Type N N- M Rx Time FEV1% 

Increase#

1 Jaques et al, 
2008 Australia RCO 39 21 2 weeks 7

2 Minasian et 
al, 2010 UK RCO 20 20 12 weeks 6.7

3 Teper et al, 
2011

Argentina, 
Australia RCO 48 48 13 weeks 8.75

4 Bilton et al, 
2011 Multi@ RCT 324 192 52 weeks 6.5

5 Aitken et al, 
2012 Multi. RCT 318 192 52 weeks 8.22

6 Middleton et 
al, 2015 Australia RCT 22 11 12 days 7.1

Table 1: Basic characteristics of the included studies.

RCT – Randomized Controlled Trial; RCO – Randomized Cross Over study.
N – Total number of patients in each study; N-M – Total number of patients in 
inhaled mannitol treatment wing; Rx time – Treatment duration in each study. 
#FEV1 % increase in treatment group; @ UK, Australia, Ireland, New Zealand; $  
USA, France, Belgium, Australia, The Netherlands, Germany.

Bias assessment plot
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Figure 3: Funnel plot assessing for publication bias (for improvement in 
FEV1% in treatment group).
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pain, cough, hemoptysis and headache in treatment group compared 
to control group were 1.52 (95% CI = 0.91 to 2.52), 1.27 (95% CI = 0.85 
to 1.90), 1.82 (95% CI = 0.97 to 3.39) and 0.80 (95% CI = 0.54 to 1.19) 
respectively. Due to the limited data available from individual studies, 
we were not able to pool the results for quality of life, CF pulmonary 
exacerbations, intravenous antibiotics and hospitalizations. Mannitol 
therapy was not associated mortality. Heterogeneity among the 
individual studies was assessed with I2 (inconsistency) = 84.6% (95% 
CI = 58.8% to 91.6%). Bias indicator is Egger: bias = 2.18 (95% CI = 
-4.96 to 9.33) P = 0.40. Figure 4 is a forest plot representing the odds 
ratio for hemoptysis in treatment group vs. placebo group. Figure 5 is 
a funnel plot assessing the publication bias for same variable. 

Discussion
In patients with pulmonary manifestations of CF, there is an 

active search for novel agents to help reduce the disease burden. 
Natural progression of the disease involves progressive decline in lung 

function due to the altered physiology (thick mucus in respiratory 
epithelium, airway obstruction, bacterial colonization, inflammatory 
reaction, and destruction of airways) that is further deteriorated by 
acute bacterial pulmonary exacerbations. Facilitating the clearance 
of thick mucus in the airways, there by clearing the bacterial 
colonization would help slow the progression of the lung function 
decline. Currently DNase I (mucolytic agent) and hypertonic saline 
(osmotic agent) are the standard of care treatments to reconstitute 
the normal airway surface environment. Inhaled mannitol has shown 
promising results as an osmotic agent that improves lung function. 
There are six studies done evaluating the safety and efficacy inhaled 
mannitol in CF pulmonary disease. In order to assess the clinical 
benefit of a therapeutic intervention in patients with CF, currently 
FEV1 is the most established objective measurement, this however 
may not co-relate with clinical outcomes related to mortality and 
morbidity. Jaques et al. [12] was a randomized, placebo-controlled, 
crossover study performed over a two week period, in 39 patients 
with mild to moderate CF lung disease. Treatment group received 420 
mg of inhaled mannitol twice daily and the placebo group received 
30 mg inhaled mannitol twice daily. Absolute FEV1 improvement 
and FEV1% increase from baseline in mannitol group were 121 mL 
(95% CI, 56.3 to 185.7) and 7.0% (95% CI, 3.3 to 10.7) respectively, 
compared to 0 mL (95% CI, -64.7 to 64.7) and 0.3% (95% CI, -3.4 to 
4.0; p < 0.001) respectively in placebo group. Mannitol therapy was 
not associate with any serious adverse effects. Quality of life seemed 
to improve in inhaled mannitol group, especially in the respiratory 
domain measured by CFQ-R. Mean change in CFQ-R scores in 
respiratory domain in treatment and placebo group were 4.7 (95% 
CI, -1.8 to 11.2) and 0.7 (95% CI, -7.2 to 5.8). Minasian et al. [16] 
was a randomized cross over study performed over twelve weeks, 
where 20 patients completed the study. In the inhaled mannitol group 
(400 mg twice daily), mean increase in FEV1 was 110 ml (6.75%), 
p=0.055 above baseline. Their results demonstrated that inhaled 
mannitol was as effective as rhDNase in improving lung function, 
and a combination of inhaled mannitol plus rhDNase did not show 
improved outcomes. Six patients withdrew from the study reporting 
cough as the main reason. Inhaled mannitol is a bronchoconstrictor, 
especially in patients with reactive airway disease [32]. Hence, patient 
getting inhaled mannitol should be pre-medicated with a short acting 
bronchodilator. Mannitol also increases the fluid content in the 
respiratory airways, mobilizing the thick mucus and debris, which 
could act as a noxious stimuli, stimulating the cough receptors. Due 
to these inherent properties of mannitol, cough is an anticipated 
therapeutic effect of mannitol. Among all the studies included in this 
meta-analysis, it is important to note that cough was not troublesome 
enough in most of the patients that prompted them to withdraw from 
the study. Results of our meta-analysis gave a pooled odds ratio of 
1.27 (95% CI = 0.85 to 1.90) for the incidence of cough as an adverse 
event in treatment group versus control group. Teper et al. [17] 
was a randomized, cross over, dose response study performed over 
two weeks in 48 patients, comparing the lung function parameters 
after treatment with various doses of inhaled mannitol (twice daily 
doses of 400 mg vs. 240 mg vs. 120 mg vs. 40mg). Highest FEV1 
improvement (8.75% increase from baseline) was noted with 400 
mg twice daily dose. Mean change in respiratory domain of CFQ-R 
with 400 mg mannitol was 13.5 compared to 1.15 in 40 mg mannitol. 
Serious adverse effects were not noted in the 400 mg group. Bilton 

 

Odds ratio meta-analysis plot [fixed effects]

0.01 0.1 0.2 0.5 1 2 5 10 100

Aitken et al, 2012 3.22 (0.87, 17.81)

Bilton et al, 2011 1.50 (0.67, 3.53)

Jaques et al, 2008 0.85 (0.01, 70.60)

combined [fixed] 1.82 (0.98, 3.40)
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Figure 4: Forest plot - Individual study proportions and the pooled estimate 
for odds ratio of hemoptysisin treatment group vs. placebo group (fixed 
effects).

Bias assessment plot
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Figure 5: Funnel plot assessingfor publication bias (odds ratio for hemoptysis 
in treatment group vs. placebo group).
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et al. [13] was a randomized study performed in 324 CF patients. 
FEV1 increased by 119 ml (6.5%) in treatment group (400 mg twice 
daily) compared to 26 ml (2.4%) in control group (50 mg twice daily) 
after 26week treatment period. These results were maintained at 52 
weeks treatment period. Mannitol group has 35.4% reduction in CF 
exacerbations compared to control group. Hemoptysis was reported 
either as an exacerbation of CF exacerbation (15.8% vs. 15.3%) or 
an adverse event (11.9% vs. 8.5%) in treatment and control groups 
respectively. Hemoptysis is an expected complication of CF lung 
disease and hence it is not surprising to notice hemoptysis in this 
patient population. Among the studies included in this meta-analysis, 
hemoptysis (either occurring as an adverse event or as a naturally 
occurring event in CF lung disease or exacerbation) incidence was 
either nil or almost equal in treatment and control groups. Pooled 
odds ratio for hemoptysis in treatment group versus control group 
was 1.82 (95% CI = 0.97 to 3.39). Aitken et al. [15] was a randomized 
study, blinded for 26 weeks followed by 26 weeks open label. 
Treatment group (inhaled mannitol 400 mg twice daily) showed 
FEV1 improvement of 105 ml (8.2 % above baseline) with acceptable 
safety profile. Fewer exacerbations (Hazards ratio 0.74%, 95% CI 0.42 
to 1.32, p=0.31) were noted in treatment group compared to control 
group (inhaled mannitol 50 mg twice daily). Middleton et al. [18] 
was a randomized trial on patients is CF pulmonary exacerbation. 
Treatment group and control group received inhaled mannitol 400 
mg and 50 mg respectively. Patients received mannitol therapy 
for 12 days, as an add-on to standard therapy for CF pulmonary 
exacerbation. Mean difference for FEV1% at follow up (treatment 
group minus control group, adjusted for baseline FEV1) was 5.4. 
They reported that inhaled mannitol could be feasible in inpatient 
setting. There are no establishes guidelines to recommend the use of 
a therapeutic agent based on FEV1 improvement. In CF patients, the 
widely used mucolytic agent rhDNase showed an FEV1 improvement 
of 5.8% at 24weeks of treatment [33,34]. Hypertonic saline (4 ml of 
7% saline twice daily) is a commonly used osmotic agent that showed 
68 ml improvement in FEVI, 56% reduction in CF exacerbations. 
In our meta-analysis, FEV1 increased by 114 ml or 7.23% in the 
pooled patient population, which could definitely be considered as 
a significant improvement when compared to the currently available 
mucolytics and osmotic agents. 

Strengths of this meta-analysis include the high quality 
methodology of statistical analysis, high quality methodology 
used in individual studies, relatively high number of studies that 
met the inclusion criteria, and total number of patients included 
in this analysis (N = 771). All the studies included in this analysis 
were prospective studies with randomization, which inherently is a 
superior study design. 

Limitations of this meta-analysis are: Due to the nature of data 
available from individual studies, we were not able to pool the evidence 
for inhaled mannitol on quality of life, reduction in CF pulmonary 
exacerbations, intravenous antibiotic usage and hospitalizations. 
Three studies [12,16,17] included in this meta-analysis were cross 
over studies. The disadvantages associated with these studies are 
potential carry over effects and medication interactions. These studies 
have used a two week wash out period to mitigate these potential 
design flaws. 

Studies with statistically significant positive results tend to be 
published and cited. Additionally, smaller studies may show larger 
treatment effects compared to larger studies. This publication and 
selection bias may affect the summary estimates. The bias can be 
estimated using Egger bias indicators and the construction of funnel 
plots, whose shape can be affected by bias. In the present meta-analysis 
and systematic review, bias calculations both Egger [28] and Begg-
Mazumdar [29] bias indicators showed no statistically significant 
bias. Furthermore, analysis using funnel plots showed no significant 
publication bias among the studies included in the present analysis. 

Conclusion
 In CF patients with lung manifestations, use of 400 mg inhaled 

mannitol twice daily has improved the lung function parameters over 
six month treatment periods. Side effect profile of treatment and 
control group were comparable. Hence, inhaled mannitol has the 
potential to be used as a standard of care chronic disease modifying 
agent in patients with pulmonary CF and possibly improve the overall 
outcomes. 
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