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Background: Inhaled hypertonic saline (HS) reduces pulmonary exacerbations in patients with cystic fibrosis (CF) aged 6 or more years. However, the 
effectiveness of HS in improving clinical outcomes in younger children aged 6 or less years is not established. This study examines the efficacy of HS in 
younger CF patients.
Methods: Searches were conducted across three databases (Medline, Cochrane Central and EMBASE) from inception through July 2022. Randomized 
controlled trials assessing the impact of HS in younger CF patients were included. Trials involving only patients greater than 6 years or control group other 
than isotonic saline (IS) were excluded. Outcomes measured included lung clearance index (LCI), cystic fibrosis questionnaire (CFQ-R) score, spirometry 
measures, oxygen saturation, respiratory rate, height and weight. Outcomes were reported as mean differences (MDs) with 95% confidence intervals.

Results: Seven studies (n = 390 patients) were included in this review. HS significantly reduced the LCI (MD: -0.67; 95%CI, -1.05 to 0.29, P = 0.0006) 
compared to IS. In addition, HS was associated with significant improvements in height (MD: 2.23; 95%CI, -0.00 to 4.46, P = 0.05) and CFQ-R (MD: 4.30; 
95%CI, 0.65–7.95, P = 0.02), but not in oxygen saturation (MD: -0.15; 95%CI, -0.54 to 0.25, P = 0.47), respiratory rate (MD: -0.21; 95%CI, -2.19 to 1.77, 
P = 0.83) or weight (MD: 0.70; 95%CI, -0.47 to 1.87, P = 0.24). Furthermore, HS did not significantly improve spirometry measures, including FEV1 
(MD: -0.11; 95%CI, -0.21 to 0.43, P = 0.51) and forced vital capacity (MD: 0.27; 95%CI, -0.49 to 1.04, P = 0.48), but significantly improved FEF25-75 

(MD: 0.12; 95% CI, 0.05–0.20; P = 0.002).
Discussion: Treatment with HS in younger children with CF improves lung clearance, symptoms and quality of life. FEF25-75 may prove a more sensitive 
measure for assessing intervention related improvements in pediatric CF trials.
Conclusion: The findings support HS as a therapeutic method in CF-affected children.
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INTRODUCTION
Cystic fibrosis (CF) is characterized by early lung disease. Patients with 
CF have dehydration of their airway secretions because of the absence of 
CF transmembrane conductance regulator (CFTR) protein activity [1]. 
Airway secretions from CF gradually restrict airway lumens and serve as 
the source of persistent airway infection [2, 3]. Hence, strategies that 

minimize the dehydration of airway secretions and enhance mucus trans-
port may mitigate the development of CF related lung illness.

Hypertonic saline (HS) has been shown to significantly reduce pul-
monary exacerbations and moderately improve lung function in CF 
patients aged 6 years and older. The benefits are believed to be mediated 
by HS-induced improvements in mucociliary clearance [4]. Accordingly, 
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this intervention is a standard of clinical care in this age group [4, 5]. 
Recently, however, a study entitled Infant Study of Inhaled Saline trial 
determined that, in patients aged less than 6 years, HS was not more 
effective than isotonic in reducing the incidence of pulmonary exacerba-
tions [6]. Hence, the benefits of inhaled HS in younger CF populations 
are uncertain.

Inhaled HS is particularly suited as an early intervention technique 
before the development of substantial lung injury. Exploring the benefits 
of HS in young patients is challenging however, because of their associ-
ated anomalies in measures of standard pulmonary function (eg, forced 
expiratory volume [FEV]) may not yet be evident [7]. Therefore, conven-
tional outcome measures, such as spirometry, may not be sufficient to 
establish a possible benefit of HS and other treatments in younger CF 
patients. To address these challenges the UK Cystic Fibrosis Gene 
Therapy Consortium has included serial lung clearance index (LCI) 
measures into the next CFTR gene therapy multidose experiment [8]. 
The LCI, a measure of ventilation inhomogeneity, shows potential for 
early lung illness identification in CF [9]. LCI has been demonstrated to 
be more predictive of future abnormalities in lung function than FEV1 
and to correlate with structural changes [9]. In addition, LCI has been 
shown to detect treatment responses to interventions in children aged 
6–18 years with CF whose baseline spirometry was within the normal 
range (FEV1 > 80%) [10].

Although there are several plausible explanations for the apparent 
lack of effect of HS on exacerbations in younger CF patients, whether 
HS promotes a sustained improvement in LCI in these young patients, 
which is necessary to prevent illness exacerbations in patients with CF, 
remains unclear. Therefore, in this meta-analysis, our primary objective 
was to assess the effects of inhaled HS on LCI in young patients with CF. 
In addition, we seek to define the effect of inhaled HS on the secondary 
outcome measures: anthropometry, spirometry and health-related qual-
ity of life.

METHODS
This systematic review and meta-analysis have been reported in concor-
dance with guidelines provided by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis statement (PRISMA) [11]. 
Approval from the institutional review board was not required because 
the data were publicly available.

Search strategy and inclusion criteria
Two reviewers (SEU and SB) independently searched through the 
Medline, Embase and Cochrane central databases from inception till 18 
July 2022. No time or language restrictions were set. The search strategy 
involved using MeSH terms to determine the keywords for CF and 
hypertonic solution coupled with the Boolean operators “AND” and 
“OR”. Studies were included if they were 1) randomized controlled trials 
(RCTs) or post hoc analyses, 2) included patients less than 6 years and 
with diagnosis of CF, 3) had HS as an intervention and 4) isotonic saline 
(IS) as a control group. A PRISMA flowchart in Supplementary Figure 11 
summarizes the systematic literature search. We also reviewed other data 
sources: bibliographies of editorials and relevant reviews from major 
medical journals, conference proceedings for indexed abstracts and data-
bases of grey/unpublished literature. The detailed search strategy for 
databases is provided in Supplementary Table 1.

Data extraction and quality assessment
Data were independently extracted and verified by two reviewers (SB 
and SEU) using a data extraction form that captured trial characteris-
tics. Any disagreement was resolved by discussion. Summary events 
and totals were extracted to calculate mean differences with 95% con-
fidence intervals (CIs). Other study characteristics extracted included 
the number of participants in each arm, publication year, length of 
follow-up and mean/median ages. The Cochrane Risk of Bias Tool was 
employed to assess the quality of RCTs across six domains [selection 

1All supplementary materials are available at https://www.cjrt.ca/
wp-content/uploads/Supplement-cjrt-2022-046.docx

bias, performance bias, detection bias, attrition bias, reporting bias 
and other bias].

Outcome measures and statistical analyses
Outcomes of interests included LCI, spirometry measures (FEV1, forced 
vital capacity [FVC], FEF25-75), respiratory rate, oxygen saturation, height, 
weight and quality of life as evaluated by CF questionnaire-revised 
(CFQ-R) scores [12]. Meta-analysis was performed using RevMan (version 
5.3; Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration). Outcomes of interest were presented as MDs with 95% 
CIs and were pooled using an inverse variance weighted random-effects 
model. When the mean was not available, we used the median for analysis. 
When the change from the baseline was not reported, we calculated the 
difference in means between the baseline and the post-treatment measure-
ments. Its standard deviation was derived from the baseline and the follow 
up by assuming their correlations were 0.5. For crossover trials that did not 
report the differences between treatment groups, the mean differences 
were calculated using the reported mean treatment effects of two treat-
ment groups, and the standard errors (SE) of the mean difference were 
derived by assuming the correlation between the two treatment effects 
within a trial was 0.25 The pooled analyses were visually represented with 
forest plots. Higgins I2 was used to evaluate heterogeneity across studies. A 
25% to 50% value was deemed mild, 50% to 75% moderate and greater 
than 75% severe. Publication bias was assessed using Egger’s regression 
test. A P-value of less than 0.05 was considered significant in all cases.

RESULTS

Characteristics of included studies
After screening 1041 publications identified from the initial search, 7 pub-
lications were included in the final analysis (n = 390 patients) (6, 13–18) 
(Supplementary Figure 1). Study characteristics and baseline demograph-
ics are summarized in Table 1. The mean age of patients ranged from 0.26 
to 11.10 years. The percentage of males in the included studies ranged 
from 36% to 60%. Egger’s regression was not significant for publication 
bias (t = 1.67, P = 0.658) as visualized by the funnel plot (Supplementary 
Figure 2). RCTs were deemed to be of generally low risk of bias according 
to the Cochrane Risk of Bias Tool (Supplementary Figure 3).

Lung Clearance Index
Four studies compared LCI in children taking HS with children on nor-
mal saline. A total of 234 children (117 on HS and 117 on IS) reported 
data on LCI. Compared with IS, HS significantly reduced the LCI (MD: 
-0.67; 95% CI, -1.05–0.29, P = 0.0006, I2 = 0%) (Figure 1).

Spirometry measures

FEV1 and predicted FEV1%
Three studies compared FEV1 in children taking HS with children on 
normal saline. A total of 66 children (35 on HS and 31 on IS) reported 
data on FEV1. There was no significant difference between HS and IS in 
terms of FEV1 (MD: -0.11; 95% CI, -0.21 to 0.43, P = 0.51, I2=0%).

Two studies compared predicted FEV1% in children taking HS with 
children on normal saline. A total of 43 children (21 on HS and 22 on 
IS) reported data on predicted FEV1%. Likewise, there was no signifi-
cant difference between HS and IS in predicted FEV1% (MD: -0.19; 95% 
CI, -3.36 to 2.98, P = 0.91, I2 = 0%) (Figure 2A).

FVC and predicted FVC%
Two studies compared FVC in children taking HS with children on nor-
mal saline. A total of 43 children (21 on HS and 22 on IS) reported data 
on FVC. There was no significant difference between HS and IS in terms 
of FVC (MD: 0.27; 95% CI, -0.49 to 1.04, P = 0.48, I2 = 83%).

Two studies compared predicted FVC% in children taking HS with 
children on normal saline. A total of 43 children (21 on HS and 22 on 
IS) reported data on predicted FVC%. Likewise, there was no significant 
difference between HS and IS in predicted FVC% (MD: 0.83; 95% CI, 
-1.67 to 3.33, P = 0.52, I2 = 0%) (Figure 2B).
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FEF25-75 and predicted FEF25-75%
Two studies compared forced expiratory flow at 25% to 75% of FVC 
(FEF25-75) in children taking HS with children on normal saline. A 
total of 364 children (179 on HS and 185 on IS) reported data on 
FEF25-75. There was no significant difference noted between HS and IS 
in terms of FEF25-75 (MD: 0.12; 95% CI, 0.05–0.20, P = v0.002, 
I2 = 0%).

Three studies compared predicted FEF25-75% in children taking HS 
with children on normal saline. A total of 43 children (21 on HS and 22 
on IS) reported data on predicted FEF25-75%. Likewise, there was no sig-
nificant difference between HS and IS in predicted FEF25-75% (MD: 
6.63; 95% CI, 1.95–11.31, P = 0.006, I2 = 0%) (Figure 2C).

Oxygen saturation
Two studies compared LCI in children taking HS with children on nor-
mal saline. A total of 361 children (178 on HS and 183 on IS) reported 
data on oxygen saturation. Compared with IS, HS did not significantly 
improve oxygen saturation (MD: -0.15; 95% CI, -0.54 to 0.25, P = 0.47, 
I2 = 0%) (Figure 3A).

Respiratory rate
Two studies compared respiratory rate in children taking HS with chil-
dren on normal saline. A total of 361 children (178 on HS and 183 on 
IS) reported data on respiratory rate. Compared with IS, HS did not 
significantly reduce the respiratory rate (MD: -0.21; 95% CI, -2.19 to 
1.77, P = 0.83, I2 = 0%) (Figure 3B).

Height
Two studies compared height in children taking HS with children on 
normal saline. A total of 361 children (178 on HS and 183 on IS) 
reported data on height. Compared with IS, HS did not significantly 
reduce the height (MD: 2.23; 95% CI, -0.00 to 4.46, P = 0.05, I2 = 0%) 
(Figure 4A).

Weight
Four studies compared weight in children taking HS with children on 
normal saline. A total of 361 children (178 on HS and 183 on IS) 
reported data on weight. Compared with IS, HS did not significantly 
reduce the weight (MD: 0.70; 95% CI, -0.47 to 1.87, P = 0.24, I2 = 13%) 
(Figure 4B).

Cystic Fibrosis Questionnaire-Revised
Three studies compared CFQ-R scores in children taking HS with chil-
dren on normal saline. A total of 363 children (181 on HS and 182 on 
IS) reported data on CFQ-R. Compared with IS, HS significantly 
improved CFQ-R scores (MD: 4.30; 95% CI, 0.65–7.95, P = 0.02, 
I2 = 0%) (Figure 5).

DISCUSSION
In this meta-analysis evaluating the efficacy of HS in patients with CF, 
we report several key findings. First, there was a significant reduction in 
the LCI in patients inhaling HS. Second, HS significantly reduced the 
FEF and predicted FEF% in children with CF. Third, the CFQ-R score 

TABLE 1
Baseline demographics and study characteristics of included studies 
First author 
(year) Study design Country of study

Total study 
population

N (hypertonic 
saline)

N (isotonic 
saline)

Male sex 
(%) Age (years)

Follow-up 
(weeks) Outcomes

Ratjen (2019) RCT Canada and USA 150 76 74 46 Mean (SD): 
4.50 (1.00) 

4, 8, 18, 32 and 
40

LCI

Donaldson 
(2020)

RCT USA 23 14 9 48 Mean (SD) 
11.10 (3.50) 

4 FEV; CFQ-R

Stahl (2019) RCT Germany 42 21 21 47.6 Mean (SD) 
0.26 (0.07)

52 LCI; O2 Saturation; 
Respiratory Rate

Nenna (2017) Cross over RCT Italy 12 – – 50 Mean (SD) 
5.70 (0.80)

16 FEV; FVC; FEF25-75;

Rosenfeld 
(2012)

RCT Canada and USA 321 158 163 53.4 Mean (SD) 
2.25 (1.45) 

12, 24 and 48 O2 Saturation; 
Respiratory Rate; 

Height; Weight
Amin (2010) Cross over RCT Canada 19 9 10 36.8 Mean (SD) 

10.50 (3.10)
4 LCI; FEV1; FVC; 

FEF25-75; CFQ-R
Subbarao 
(2013)

Post-hoc 
analyses RCT

Canada 25 12 13 60 Median (IQR) 
2.60 

(1.09–4.10)

48 LCI

CFQ-R Cystic Fibrosis Questionnaire-Revised; FEF25-75 forced expiratory flow at 25% to 75% of FVC; FEV forced expiratory volume; FVC forced vital capacity; 
IQR interquartile range; LCI Lung Clearance Index; RCT randomized controlled trial; SD standard deviation.

FIGURE 1
Forest plot showing changes in Lung Clearance Index (LCI) among children on hypertonic saline (HS) versus children on 
isotonic saline (IS). CI confidence interval; IV inverse variance; SD standard deviation.
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was significantly higher in children inhaling HS than in children on IS. 
However, no distinct benefit of HS was noted on spirometry measures, 
including FEV1, FVC, oxygen saturation, respiratory rate and weight.

Because of the paucity of data regarding treatment options in chil-
dren with CF, efficacy information is frequently derived from trials con-
ducted on older children and adults. Small studies have established 
associations between the use of HS and improvements in LCI. For 

example, in the inhaled HS in preschool children with CF trial, a strong 
correlation was seen between HS and improvements in LCI2.5 in chil-
dren aged 3–6 years [13]. Likewise, in a study of infants younger than 6 
months, preventive treatment with HS was associated with a significantly 
better LCI2.5 trajectory compared to IS over 52 weeks [14]. Consistent 
with these findings, our meta-analysis revealed significant improvement 
in LCI among patients on HS. Inhaled HS has a beneficial effect on the 

FIGURE 2
Forest plot showing changes in A forced expiratory volume (FEV)1 and predicted FEV1%, B forced vital capacity (FVC) and 
predicted FVC%, C forced expiratory flow at 25%–75% of FVC (FEF25-75) and FEF25-75% among children on hypertonic saline 
(HS) versus children on isotonic saline (IS). CI confidence Interval; IV inverse variance; SD standard deviation.
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airways through several postulated molecular mechanisms: it rehydrates 
the airway surface, which improves mucus rheology; it induces coughing; 
and it disrupts ionic interactions within the mucus and shields the neg-
ative charges, reducing the viscosity of secretions [4, 19]. Additionally, by 
lowering the airway’s inflammatory edema, HS helps promote both expi-
ratory and inspiratory decrease of airway resistance [20, 21]. Nonetheless, 
these findings provide evidence for the beneficial effects of early initia-
tion of HS on physiological parameters and demonstrate that HS is an 
effective early intervention treatment for children.

Our meta-analysis revealed that HS has no significant impact on 
FEV1 and FVC in children compared to IS. In contrast, in the subgroup 
analysis of the Infant Study of Inhaled Saline trial, children treated with 
HS had beneficial effects on FEV0.5 as determined by sedated infant lung 
function tests [6]. Importantly, children under the age of 6 years may not 
always have the same sensitivity of spirometry measurements to diagnose 
disease or capture treatment benefits as they do in adults and children 
over the age of 6 years [22]. Numerous observational studies on spirom-
etry in preschool children with CF have reported baseline FEV0.75 (an 
equivalent of FEV1 in children under 6 years) to be in the healthy range 
[23]. Moreover, spirometry has restricted applications because it 

necessitates a patient’s full knowledge and cooperation, whereas young 
children cannot actively participate in many of the physiological tasks 
necessary for pulmonary function tests. Compared to FEV1, FEF25-75 is 
considered a more sensitive marker for reflecting hyperresponsiveness, 
inflammation and disease severity [24]. Our findings revealed significant 
improvements in FEF25-75% and FEF25-75, indicating that FEF25-75 may be 
a more sensitive spirometric measurement in this age range in a clinical 
trial setting where sites receive standardized training certification and 
feedback on all lung function tests.

Our results are consistent with previous studies demonstrating that 
the LCI is more sensitive than spirometry for identifying lung disease in 
people with CF. The LCI has been demonstrated to correlate with FEV1 
and represent disease progression, despite being aberrant at an earlier 
stage of the illness [25, 26]. By combining high-resolution CT (HRCT) 
scans with LCI and spirometry, Gustafsson et al. connected structural 
and physiological indicators of CF lung disease [27]. LCI was shown to 
be the most sensitive measure, and a normal LCI nearly ruled out an 
abnormal HRCT; spirometry, on the other hand, was found to be the 
least sensitive, frequently looking normal despite illness as verified using 
HRCT. Previous studies have established that the LCI is a responsive 

FIGURE 3
Forest plot showing changes in A oxygen saturation and B respiratory rate among children on hypertonic saline (HS) 
versus children on isotonic saline (IS). IV inverse variance; CI confidence interval; SD standard deviation.

FIGURE 4
Forest plot showing changes in A height and B weight among children on hypertonic saline (HS) versus children on 
isotonic saline (IS). CI confidence interval; IV inverse variance; SD standard deviation.
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outcome that can be used for CF patients with normal pulmonary func-
tion [27]. The current meta-analysis is the first to establish that this is 
true for pediatric population as well. These findings and the LCI’s appli-
cability to children of all ages make it a suitable endpoint for future early 
intervention trials in CF.

Moreover, we also noted that changes in health status in response to 
HS, as manifested by improved LCI and FEF25-75, are associated with 
significant improvements in health-related quality of life (HRQoL) in 
children with CF, as there was a significant increase in CFQ-R scores in 
these patients. However, we could not assess the changes in HRQoL using 
the more reliable Sino Nasal Outcome Test (SNOT-22) score because of 
the unavailability of data. To our knowledge, this is the first meta-analysis 
of improvements in HRQoL in CF-affected children treated with HS.

This study’s findings would support the usefulness of LCI in inter-
ventional investigations. The LCI has not yet been linked to mortality; 
therefore, it is uncertain whether the LCI’s sensitivity is a true reflection 
of early CF lung disease or a secondary effect that is present but unre-
lated to disease progression and survival. Although we have demon-
strated that LCI correlates with FEF25-75 and quality-of-life scores, more 
longitudinal studies in patients with more severe lung disease are neces-
sary to confirm its relationship to survival in patients with CF. This pres-
ents a clinical conundrum, as death in people with moderate illness is 
uncommon, and the LCI values may differ between patients with mild 
and severe disease. Moreover, although the current findings support the 
use of the LCI as a surrogate outcome measure for measuring pulmonary 
alterations in moderate CF lung disease, more longitudinal studies are 
necessary to evaluate the accuracy of the LCI in comparison to spirome-
try. Additionally, it is plausible that outcomes may vary according to 
patient characteristics, such as gender. Therefore, future studies should 
evaluate the potential differences in efficacy of HS in CF patients strati-
fied by patient characteristics. Although the LCI in our meta-analysis 
improved with HS therapy, the minimal clinically significant difference 
for the LCI is not yet established. Future studies should aim to establish 
the minimal clinically significant difference for both children and adults 
separately.

Several limitations in this study should be noted. First, we could 
not establish the optimum dosage of HS because of the lack of data 
regarding dosages in the included clinical trials. Second, we could not 
properly assess the impact of HS on anthropometric measurements 
because of a lack of data. Third, we could not control for different 
nebulization methods in our analysis. However, there was a trend 
toward improvement in children’s height when using HS compared 
with IS. Future studies should evaluate the use of HS anthropometry 
in children.

CONCLUSION
In conclusion, this meta-analysis revealed that HS treatment significantly 
improves LCI, symptoms, pulmonary function and quality of life in 
CF-affected children compared to IS. This study supports using HS as an 
early therapeutic method in CF-affected children.
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