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ABSTRACT To date, there are no network meta-analyses comparing the impact of as-needed treatments
in asthma, including the single maintenance and reliever therapy (known as “SMART” or “MART”; for
simplicity, SMART will be used hereafter) and the use of inhaled corticosteroid (ICS)/long-acting β2-
agonist (LABA) combination exclusively on an as-needed basis. Therefore, we performed a systematic
review and network meta-analysis concerning the efficacy and safety of SMART and as-needed therapies
in asthma. Data from 32096 asthmatic patients were extracted from 21 studies, lasting from 6 to
12 months. In adult mild-to-moderate asthmatic patients low-dose SMART and as-needed low-dose ICS/
LABA combination were significantly (relative effect <0.78; p<0.05) more effective than the other as-
needed therapies in reducing the risk of exacerbation, and both were ranked as the first treatment option
reaching the first quartile of the surface under the cumulative ranking curve analysis (SUCRA). In adult
moderate-to-severe asthmatic patients, low-dose to medium-dose SMART and high-dose ICS/LABA+as-
needed short-acting β2-agonist were equally effective in reducing the risk of severe asthma exacerbation
(p>0.05), although only low- to medium-dose SMART was ranked as the first treatment option (first
SUCRA quartile). Overall, these treatments were well tolerated, and effective also on lung function and
disease control. This study supports SMART and as-needed therapies as a suitable therapeutic option for
asthma, by providing the most effective positioning of each specific treatment according to the disease
severity.
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Introduction
Since 2006, the Global Initiative for Asthma (GINA 2006) recommends a stepwise approach for the
pharmacological management of asthma [1]. Accordingly with the GINA recommendations updated in
2020 [2], patients suffering from mild asthma should be controlled with Step 1 or 2 treatments, either with
as-needed low-dose inhaled corticosteroid (ICS)/long-acting β2-agonist (LABA) combinations or
maintenance treatment with low-dose ICS as preferred controller therapy. Moderate asthma should be
controlled with Step 3 treatment, namely maintenance treatment with low-dose ICS/LABA combinations.
Finally, controlling severe asthma requires Step 4 and 5 treatments, which include maintenance treatment
with medium- to high-dose ICS/LABA combinations and add-on tiotropium and/or monoclonal antibody
therapy in those patients that remain uncontrolled, despite maintenance therapy.

A recent pairwise meta-analysis performed by SOBIERAJ et al. [3] has investigated the impact of ICS/LABA
as the controller and the quick relief therapy, named single maintenance and reliever therapy (known as
“SMART” or “MART”; for simplicity, SMART will be used hereafter) in patients with persistent asthma
[3]. Interestingly, SMART was associated with a lower risk of asthma exacerbation when compared with
maintenance therapy with ICSs (with or without a LABA) plus a short-acting β2-agonist (SABA) as the
relief treatment [3]. Some of the studies [4–9] included in that pairwise meta-analysis [3] may have
introduced a risk of bias due to the small number of patients enrolled in the randomised controlled trials
(RCTs), leading to the so-called “small-study effect” [10]. Furthermore, the safety profile of SMART was
not investigated [3].

Besides SMART, an alternative approach in the treatment of mild asthma is the use of ICS/LABA
fixed-dose combination on an as-needed basis, a strategy that might overcome the poor adherence to
maintenance treatment with an ICS, and the over-reliance on SABAs for symptom relief. This approach
has been investigated in the Symbicort Given as Needed in Mild Asthma (SYGMA) 1 and 2 [11, 12].

Indeed, the current scenario indicates that there is a need to improve the tailored approach of asthma
treatment, by ranking the efficacy profile of SMART and as-needed therapies in asthmatic patients
matched with the severity of disease. In this respect, the study of SOBIERAJ et al. [3] was a pairwise
meta-analysis that did not compare all the currently available SMART and as-needed therapies for the
treatment of asthma. Moreover, to date, no comparison has been performed between SMART and the use
of ICS/LABA administered exclusively on an as-needed basis.

A well-conducted meta-analysis of RCTs provides the highest level of evidence, even greater than that
obtained by single large RCTs. Moreover, along with the effect estimates, network meta-analyses may
produce supporting information of considerable interest for clinicians in the form of treatment rankings,
generally summarised by an outcome named the surface under the cumulative ranking curve analysis
(SUCRA) [13].

Therefore, considering that, to date, there are no network meta-analyses comparing the impact of the
as-needed treatments in asthma, including SMART and ICS/LABA on an as-needed basis, we have carried
out a quantitative synthesis via Bayesian network approach by considering phase III RCTs in order to
rank and compare the efficacy and safety profile of the currently available SMART and as-needed
therapeutic strategies in asthma. The primary efficacy outcome of this study was the risk reduction in
severe asthma exacerbation.

Materials and methods
Detailed methods are reported in the supplementary material.

Search strategy and study eligibility
This meta-analysis was performed in agreement with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Protocols (PRISMA-P; protocol ID: CRD42019136443) [14]. The flow diagram and
network nodes are shown in figure 1a and b, and table S1 reports the PRISMA-P checklist [14].

A comprehensive literature search was performed for phase III RCTs evaluating the impact of SMART and
as-needed therapies for the treatment of asthma. As an example, table S2 reports the literature search
terms used for OVID MEDLINE and Annex 1 shows the summary text of the identified records.

Study selection
Phase III RCTs that enrolled asthmatic patients, lasting ⩾6 months, and that included at least one arm
assessing the effect of any SMART and/or as-needed therapies were selected.
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Data extraction
Data were extracted in agreement with Data Extraction for Complex Meta-anALysis (DECiMAL)
recommendations [15]. The inter- and intra-rater reliability for data abstraction was assessed via the
Cohen’s κ score, as previously described [16].

Endpoints
The primary endpoint was the comparison across the different SMART and as-needed therapies with
respect to the risk of severe asthma exacerbation. The secondary endpoints included the comparisons
across the different SMART and as-needed therapies with respect to the changes from baseline in forced
expiratory volume in 1 s (FEV1), morning and evening peak expiratory flow (PEF), changes from baseline
in Asthma Control Questionnaire (ACQ) score, and risk of severe adverse events (SAEs).

Quality of studies, risk bias and evidence profile
The summary of the risk of bias for each included RCT was analysed via the Cochrane Risk of Bias 2 (RoB
2) [17] and Jadad score [18]. The weighted assessment of the overall risk of bias was analysed via the
Cochrane RoB 2 [17], along with the normalised consistency/inconsistency analysis [19]. The quality of
evidence was assessed for the primary endpoint via the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system [20].

Data synthesis and analysis
A network meta-analysis was performed via full Bayesian random-effect model to compare the impact of
the different SMART and as-needed therapies in asthmatic patients. Subset analyses were performed in
agreement with average patients’ characteristics at baseline. Results are expressed as relative effect and 95%
credible interval (95% CrI). The SUCRA was calculated for both the primary and secondary endpoints
[21]; the SUCRA is 1 when a treatment is considered to be the best, and 0 when a treatment is considered
to be the worst [19]. The statistical significance was assessed for p<0.05.

Results
Study characteristics
Data obtained from 32096 asthmatic patients were selected from 21 phase III RCTs (table S3). Four
studies were performed in mild asthma [11, 12, 22, 23], three in moderate asthma [8, 24, 25], four in
mild-to-moderate asthma [26–29], and ten in moderate-to-severe asthma [6, 7, 30–36].
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FIGURE 1 PRISMA-P flow diagram (a) and diagram displaying the network across the treatments (b). The links between the nodes indicate the
direct comparisons between pairs of treatments, the thickness of lines is proportional with the number of the patients comparing pairs of
treatment head-to-head, and the area of the boxes is proportional with the number of patients receiving the same treatment. HD: high-dose; ICS:
inhaled corticosteroid; LABA: long-acting β2-agonist; LD: low-dose; MD: medium-dose; PRISMA-P: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols; SABA: short-acting β2-agonist; SMART: single maintenance and reliever therapy (known as “SMART” or
“MART”; for simplicity, SMART is used in the figure).
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In agreement with the search strategy and study selection criteria, the investigated ICS/LABA
combinations included budesonide/formoterol in 20 studies [6–8, 11, 12, 22–24, 26–36], fluticasone/
salmeterol in four studies [30–32, 34], and beclometasone/formoterol in one study [25]. The only ICS
administered as monocomponent was budesonide in 10 studies [6, 11, 12, 22, 24, 26, 28, 29, 35, 36].
Formoterol was the only LABA used alone as-needed in three studies [8, 23, 33], whereas a SABA, either
salbutamol or terbutaline, was used alone as-needed in 19 studies [6, 7, 11, 12, 22, 24–36].

The definition of severe asthma exacerbation and the level of ICS doses are shown in table S4 and S5 of
the supplementary material, respectively. The inter- and intra-rater reliability for data abstraction was
generally excellent (Cohen’s κ between 0.96 and 1.00). Further study characteristics are reported in the
supplementary material.

Primary endpoint
Overall analysis
The overall network meta-analysis indicated that low- to medium-dose SMART was as effective as
high-dose ICS/LABA+as-needed SABA in reducing the risk of severe asthma exacerbation, and that
generally SMART was significantly (p<0.05) more effective than treating asthmatic patients with either
lower doses of ICS/LABA+as-needed LABA or SABA, or ICS/LABA used exclusively on an as-needed
basis, or ICS+as-needed SABA. No significant difference (p>0.05) was found when comparing high-dose
ICS/LABA+as-needed SABA with either lower doses of ICS/LABA+as-needed LABA or SABA, or ICS/
LABA used exclusively on an as-needed basis or ICS+as-needed SABA. Moreover, administering ICS/
LABA exclusively on an as-needed basis or lower doses of ICS/LABA+as-needed LABA or SABA had the
same effect on the risk of severe asthma exacerbation (p>0.05), although only the former therapy was
significantly (p<0.05) more effective than ICS+as-needed SABA. All the investigated treatments were
significantly (p<0.05) more effective than as-needed SABA in reducing the risk of severe asthma
exacerbation, and detailed relative effect with 95% CrI are shown in table 1. The forest plot of the overall
comparisons across the investigated treatments is shown in figure 2a. The SUCRA confirmed the
comparison resulting from the overall network meta-analysis, by positioning low- to medium-dose
SMART in the first quartile along with high-dose ICS/LABA+as-needed SABA therapy (fig. 3a).

Subset analyses
The subset network meta-analysis performed on adult mild-to-moderate asthmatic patients reported that
low-dose SMART and ICS/LABA used exclusively on an as-needed basis were equally effective (p>0.05) in
preventing the risk of severe asthma exacerbation. Low-dose SMART was significantly (p<0.05) more
effective than both ICS/LABA+as-needed SABA and ICS+as-needed SABA, whereas the efficacy of
as-needed ICS/LABA on the risk of severe asthma exacerbation was significantly (p<0.05) superior to ICS
+as-needed SABA but not to ICS/LABA+as-needed SABA (p>0.05). All the above reported treatments
were significantly (p<0.05) more effective than as-needed SABA in reducing the risk of severe asthma
exacerbation, and detailed relative effect with 95% CrI are shown in table 2. The forest plot of the
comparisons across the investigated treatments in adult mild-to-moderate asthmatics is shown in figure 2b.
The SUCRA confirmed the subset analysis in adult mild-to-moderate asthmatic patients, with low-dose
SMART and ICS/LABA used exclusively on an as-needed basis positioned in the first quartile (fig. 3b).

The subset network meta-analysis performed on adult moderate-to-severe asthmatic patients showed that
low- to medium-dose SMART and high-dose ICS/LABA+as-needed SABA were equally effective in
reducing the risk of severe asthma exacerbation (p>0.05). Low- to medium-dose SMART, but not
high-dose ICS/LABA+as-needed SABA, was generally significantly (p<0.05) more effective against the risk
of severe asthma exacerbation than lower doses of ICS/LABA+as-needed LABA or SABA and ICS
+as-needed SABA. Detailed relative effect with 95% CrI of the subset analysis performed in adult
moderate-to-severe asthmatic patients are reported in table 3. The forest plot of the comparisons across the
investigated treatments in adult moderate-to-severe asthmatics is shown in figure 2c. Figure 3c reports the
SUCRA in which the low- to medium-dose SMART was ranked in the first quartile. The diagram
displaying the network and the relative nodes of this subset analysis are shown in figure S3a and S3b of
the supplementary material.

Secondary endpoints
Peak expiratory flow
The results of the overall network meta-analysis showed that low- to medium-dose SMART and high-dose
ICS/LABA+as-needed SABA were equally effective (p>0.05) in improving morning and evening PEF, and
that both these therapeutic strategies were generally significantly (p<0.05) more effective than lower doses
of ICS/LABA+as-needed SABA or LABA, ICS/LABA used exclusively on an as-needed basis, ICS
+as-needed SABA, and as-needed SABA. The efficacy of lower doses of ICS/LABA+as-needed SABA or
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TABLE 1 Relative effects with 95% CrI resulting from the overall network meta-analysis in asthmatic patients. Treatment comparisons have been sorted in
agreement with SUCRA# findings for the primary endpoint reported in figure 3a

Comparisons References
for direct

comparisons

Primary endpoint Secondary endpoints

Severe asthma
exacerbation RR

GRADE Morning PEF
L·min−1

Evening PEF
L·min−1

FEV1 mL ACQ points SAEs RR

LD SMART versus
MD SMART IC 0.98 (0.68–1.45) +++ −11.50 (−26.63–

11.28)
−15.76 (−29.95–

0.37)
−26.62 (−169.04–

113.68)
NA 0.95 (0.45–

1.89)
HD ICS/LABA+as-needed

SABA
[31] 0.78 (0.51–1.21) ++++ −12.75 (−29.34–

6.46)
−14.17 (−30.28–

1.56)
−64.28 (−327.49–

188.04)
NA 0.92 (0.39–

2.14)
LD ICS/LABA+as-needed

LABA
[34] 0.73 (0.57–0.92)* ++++ 4.61 (0.09–8.79)* 5.19 (1.14–8.69)* 33.89 (−20.88–83.05) −0.09 (−0.16–

−0.01)*
1.05 (0.59–

1.72)
MD ICS/LABA+as-needed

SABA
[33] 0.71 (0.56–0.91)* ++++ −2.01 (−6.27–2.37) −0.45 (−4.62–3.52) 9.62 (−44.76–63.67) NA 0.92 (0.62–

1.37)
as-needed LD ICS/LABA IC 0.61 (0.42–0.86)* +++ 29.86 (23.59–

35.67)*
23.59 (18.31–

29.10)*
188.03 (101.19–

265.90)*
−0.30 (−0.44–

−0.17)*
0.59 (0.16–

2.17)
MD ICS+as-needed SABA [28, 36, 37] 0.59 (0.47–0.73)* ++++ 20.21 (13.83–

26.67)*
13.77 (8.16–19.73)* 91.29 (17.21–

165.01)*
NA 0.99 (0.56–

1.62)
LD ICS/LABA+as-needed

SABA
[25, 27, 28,
34, 36]

0.55 (0.47–0.64)* ++++ 6.90 (3.36–10.12)* 5.81 (2.95–8.69)* 47.36 (5.41–83.12)* −0.11 (−0.17–
−0.06)*

0.68 (0.47–
0.89)*

LD ICS+as-needed SABA [6, 29] 0.50 (0.34–0.69)* ++++ 20.52 (14.57–
26.84)*

17.22 (12.57–
22.60)*

158.97 (67.05–
242.68)*

−0.17 (−0.33–
−0.04)*

0.73 (0.21–
2.55)

as-needed SABA IC 0.26 (0.17–0.39)* ++++ 42.02 (35.27–
49.08)*

34.47 (29.02–
40.75)*

236.49 (137.22–
318.76)*

−0.46 (−0.62–
−0.32)*

0.57 (0.15–
2.18)

as-needed LABA IC NA NA NA NA 283.57 (141.37–
422.87)*

NA 3.07 (0.17–
153.23)

MD ICS/LABA+as-needed
LABA

[8] NA NA NA NA NA 0.22 (0.07–0.35)* NA

MD SMART versus
HD ICS/LABA+as-needed

SABA
[30, 32] 0.80 (0.59–1.08) ++++ −1.24 (−7.19–4.93) 1.46 (−3.88–6.82) −36.66 (−330.11–

248.47)
NA 0.97 (0.52–

1.84)
LD ICS/LABA+as-needed

LABA
IC 0.57 (0.36–0.84)* +++ 16.02 (−5.84–31.81) 20.83 (5.07–35.25)* 59.68 (−89.53–

210.03)
NA 1.09 (0.46–

2.61)
MD ICS/LABA+as-needed

SABA
[7, 35] 0.73 (0.52–0.98)* ++++ 9.60 (−12.78–23.97) 14.94 (0.06–29.58)* 36.47 (−94.03–

167.32)
NA 0.97 (0.53–

1.87)
as-needed LD ICS/LABA IC 0.62 (0.36–1.00) ++ 41.32 (18.75–

57.12)*
39.11 (23.58–

54.77)*
214.22 (48.05–

376.70)*
NA 0.62 (0.14–

2.75)
MD ICS+as-needed SABA IC 0.60 (0.38–0.91)* +++ 31.55 (12.59–

48.40)*
28.80 (12.99–

45.36)*
117.55 (−43.19–

272.57)
NA 1.04 (0.44–

2.52)
LD ICS/LABA+as-needed

SABA
IC 0.74 (0.46–1.14) ++ 18.54 (−3.32–33.62) 21.49 (5.48–35.82)* 73.75 (−74.65–

219.95)
NA 0.72 (0.33–

1.50)
LD ICS+as-needed SABA IC 0.50 (0.28–0.80)* +++ 32.32

(8.71–48.73)*
32.76 (17.55–

47.96)*
185.87 (16.08–

349.25)*
NA 0.77 (0.18–

3.29)
as-needed SABA IC 0.27 (0.15–0.45)* ++++ 53.77 (28.54–

70.47)*
50.10 (34.59–

65.84)*
262.83 (90.03–

427.03)*
NA 0.60 (0.13–

2.79)
as-needed LABA IC NA NA NA NA 309.55 (107.36–

513.75)*
NA 3.19 (0.15–

176.00)

Continued
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TABLE 1 Continued

Comparisons References
for direct

comparisons

Primary endpoint Secondary endpoints

Severe asthma
exacerbation RR

GRADE Morning PEF
L·min−1

Evening PEF
L·min−1

FEV1 mL ACQ points SAEs RR

HD ICS/LABA+as-needed
SABA versus
LD ICS/LABA+as-needed

LABA
IC 0.94 (0.56–1.49) +++ 17.37 (−1.18–34.23) 19.53 (3.55–35.45)* 99.43 (−160.11–

365.93)
NA 1.13 (0.43–

3.07)
MD ICS/LABA+as-needed

SABA
IC 0.91 (0.60–1.32) +++ 10.65 (−8.09–26.89) 13.60 (−1.51–29.69) 75.43 (−183.27–

340.31)
NA 0.99 (0.45–

2.30)
as-needed LD ICS/LABA IC 0.78 (0.43–1.29) ++ 42.36 (23.37–

59.41)*
37.76 (21.57–

54.62)*
253.77 (−15.66–

528.58)
NA 0.65 (0.13–

2.96)
MD ICS+as-needed SABA IC 0.75 (0.46–1.19) +++ 32.66 (14.57–

51.37)*
27.33 (11.39–

45.50)*
155.92 (−103.46–

430.86)
NA 1.06 (0.38–

2.94)
LD ICS/LABA+as-needed

SABA
IC 0.71 (0.44–1.11) +++ 19.66 (1.37–36.24)* 19.90 (3.98–36.39)* 112.29 (−144.13–

379.64)
NA 0.74 (0.29–

1.80)
LD ICS+as-needed SABA IC 0.63 (0.35–1.05) +++ 33.40 (13.40–

51.08)*
31.23 (15.57–

47.65)*
226.88 (−42.13–

503.22)
NA 0.81 (0.18–

3.67)
as-needed SABA IC 0.33 (0.18–0.59)* ++++ 54.95 (33.19–

72.75)*
48.59 (32.75–

65.53)*
303.23 (27.21–

579.57)*
NA 0.63 (0.13–

3.11)
as-needed LABA IC NA NA NA NA 349.51 (59.02–

645.32)*
NA 3.30 (0.16–

182.35)
LD ICS/LABA+as-needed
LABA versus
MD ICS/LABA+as-needed

SABA
IC 0.97 (0.71–1.42) +++ −6.77 (−12.56–

−0.16)*
−5.60 (−11.06–

−0.09)*
−23.63 (−95.93–

51.11)
NA 0.88 (0.47–

1.73)
as-needed LD ICS/LABA IC 0.83 (0.56–1.26) +++ 25.15 (18.28–

32.10)*
18.57 (12.18–

24.83)*
154.57 (59.64–

236.98)*
−0.21 (−0.36–

−0.07)*
0.57 (0.14–

2.29)
MD ICS+as-needed SABA IC 0.81 (0.59–1.12) +++ 15.77 (7.92–23.82)* 8.66 (1.82–15.67)* 57.57 (−31.75–

149.59)
NA 0.94 (0.46–

1.91)
LD ICS/LABA+as-needed

SABA
[34] 0.76 (0.60–0.97)* ++++ 2.39 (−1.86–6.84) 0.69 (−3.29–4.71) 14.08 (−39.06–64.47) −0.02 (−0.10–

0.05)
0.65 (0.38,

1.07)
LD ICS+as-needed SABA IC 0.68 (0.44–1.01) +++ 15.78 (9.25–23.58)* 12.26 (6.46–18.51)* 126.34 (26.46–

215.54)*
−0.08 (−0.25–

0.06)
0.69 (0.19–

2.75)
as-needed SABA IC 0.36 (0.23–0.57)* +++ 37.54 (30.00–

45.48)*
29.37 (22.46–

36.53)*
203.36 (96.72–

293.53)*
−0.38 (−0.54–

−0.23)*
0.54 (0.14–

2.37)
as-needed LABA IC NA NA NA NA 249.15 (102.38–

395.39)*
NA 2.91 (0.16,

154.46)
MD ICS/LABA+as-needed

LABA
IC NA NA NA NA NA 0.31 (0.14–0.46)* NA

MD ICS/LABA+as-needed
SABA versus
as-needed LD ICS/LABA IC 0.85 (0.55–1.30) ++ 31.64 (24.20–

39.14)*
24.25 (17.66–

30.99)*
178.09 (74.96–

270.28)*
NA 0.65 (0.16–

2.45)
MD ICS+as-needed SABA IC 0.83 (0.59–1.14) +++ 22.41 (14.36–

30.15)*
14.23 (7.60–21.37)* 80.98 (−9.79–172.69) NA 1.07 (0.55–

2.01)

Continued

https://doi.org/10.1183/13993003.00625-2020
6

A
STH

M
A

|
P.R

O
G
LIA

N
IET

A
L.



TABLE 1 Continued

Comparisons References
for direct

comparisons

Primary endpoint Secondary endpoints

Severe asthma
exacerbation RR

GRADE Morning PEF
L·min−1

Evening PEF
L·min−1

FEV1 mL ACQ points SAEs RR

LD ICS/LABA+as-needed
SABA

IC 0.78 (0.57–1.02) +++ 8.93 (3.28–14.20)* 6.26 (1.52–11.25)* 37.43 (−31.14–
100.70)

NA 0.74 (0.44–
1.16)

LD ICS+as-needed SABA IC 0.70 (0.44–1.05) +++ 22.38 (15.06–
30.22)*

17.79 (11.60–
24.38)*

149.35 (45.23–
244.11)*

NA 0.80 (0.22–
2.94)

as-needed SABA IC 0.37 (0.23–0.59)* +++ 44.08 (35.91–
52.42)*

34.91 (28.23–
42.62)*

226.26 (115.92–
323.73)*

NA 0.62 (0.15–
2.48)

as-needed LABA IC NA NA NA NA 274.27 (121.52–
421.81)*

NA 3.26 (0.17–
174.97)

As-needed LD ICS/LABA
versus
MD ICS+as-needed SABA IC 0.98 (0.65–1.48) +++ −9.36 (−18.53–

−0.67)*
−9.84 (−17.61–

−1.92)*
−98.06 (−201.53–

18.24)
NA 1.67 (0.40–

6.94)
LD ICS/LABA+as-needed

SABA
[24] 0.92 (0.65–1.28) ++++ −22.76 (−28.56–

−16.97)*
−17.84 (−23.30–

−12.65)*
−141.76 (−212.10–

−61.81)*
0.18 (0.06–0.31)* 1.16 (0.30–

4.35)
LD ICS+as-needed SABA [11, 12, 22,

26]
0.82 (0.66–0.96)* ++++ −9.26 (−13.03–

−4.85)*
−6.10 (−9.69–

−2.52)*
−29.07 (−59.24–4.54) 0.12 (0.07–0.18)* 1.23 (0.87–

1.85)
as-needed SABA [11, 22] 0.43 (0.34–0.56)* ++++ 12.29 (8.16–16.93)* 10.95 (7.30–14.89)* 48.78 (5.78–86.72)* −0.17 (−0.23–

−0.10)*
0.95 (0.60–

1.65)
as-needed LABA [23] NA NA NA NA 96.17 (−17.79–

213.74)
NA 4.69 (0.42–

248.00)
MD ICS/LABA+as-needed

LABA
IC NA NA NA NA NA 0.53 (0.32–0.69)* NA

MD ICS+as-needed SABA
versus
LD ICS/LABA+as-needed

SABA
[28, 36] 0.94 (0.73–1.17) ++++ −13.48 (−20.91–

−6.10)*
−7.99 (−14.65–

−1.81)*
−43.56 (−129.19–

37.03)
NA 0.69 (0.39–

1.14)
LD ICS+as-needed SABA IC 0.84 (0.54–1.23) +++ 0.15 (−8.39–9.68) 3.68 (−3.98–11.21) 68.84 (−49.12–

176.28)
NA 0.74 (0.20–

2.97)
as-needed SABA IC 0.45 (0.28–0.69)* +++ 21.78 (12.49–

31.89)*
20.94 (12.51–

28.72)*
146.87 (19.58–

253.07)*
NA 0.57 (0.14–

2.57)
as-needed LABA IC NA NA NA NA 193.08 (30.74–

350.57)*
NA 3.13 (0.16–

158.98)
LD ICS/LABA+as-needed
SABA versus
LD ICS+as-needed SABA IC 0.89 (0.62–1.25) +++ 13.63 (7.82–20.28)* 11.47 (6.51–16.79)* 112.34 (32.26–

188.35)*
−0.06 (−0.21–

0.07)
1.07 (0.31–

3.95)
as-needed SABA IC 0.48 (0.31–0.72)* +++ 35.22 (28.45–

42.20)*
28.70 (23.11–

35.06)*
189.78 (98.49–

267.49)*
−0.35 (−0.50–

−0.22)*
0.82 (0.22–

3.48)
as-needed LABA IC NA NA NA NA 236.57 (98.01–

371.48)*
NA 4.47 (0.25–

229.04)
MD ICS/LABA+as-needed

LABA
IC NA NA NA NA NA 0.34 (0.17–0.50)* NA
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TABLE 1 Continued

Comparisons References
for direct

comparisons

Primary endpoint Secondary endpoints

Severe asthma
exacerbation RR

GRADE Morning PEF
L·min−1

Evening PEF
L·min−1

FEV1 mL ACQ points SAEs RR

LD ICS+as-needed SABA
versus
as-needed SABA [11, 22] 0.53 (0.42–0.70)* ++++ 21.45 (17.05–

25.99)*
17.27 (13.49–

20.95)*
77.10 (33.14–

114.57)*
−0.29 (−0.36–

−0.23)*
0.78 (0.49–

1.29)
as-needed LABA IC NA NA NA NA 124.52 (4.84–

245.54)*
NA 3.90 (0.32–

194.53)
MD ICS/LABA+as-needed

LABA
IC NA NA NA NA NA 0.40 (0.19–0.57)* NA

As-needed LABA versus
as-needed SABA IC NA NA NA NA −48.00 (−172.18–

72.04)
NA 0.20 (0.00–

2.61)
MD ICS/LABA+as-needed
LABA versus
as-needed SABA IC NA NA NA NA NA −0.69 (−0.88–

−0.48)*
NA

ACQ: asthma control questionnaire; CrI: credible interval; FEV1: forced expiratory volume in 1 s; GRADE: Grading of Recommendations Assessment, Development, and Evaluation; HD:
high-dose; IC: indirect comparison; ICS: inhaled corticosteroid; LABA, long-acting β2-agonist; LD: low-dose; MD: medium-dose; NA: not available; PEF: peak expiratory flow; RR: relative
risk; SABA: short-acting β2-agonist; SAEs: serious adverse events; SMART: single maintenance and reliever therapy (known as SMART or MART; for simplicity SMART is used in the
Table); SUCRA: surface under the cumulative ranking curve. #: The SUCRA is 1 when a treatment is considered to be the best, and 0 when a treatment is considered to be the worst.Bold
text with asterisk indicates statistical significance (*: p<0.05).
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LABA on the improvement in morning and evening PEF was generally significantly (p<0.05) greater than
as-needed ICS/LABA, ICS+as-needed SABA, and as-needed SABA. Administering ICS/LABA exclusively
on an as-needed basis significantly (p<0.05) improved PEF when compared with ICS+as-needed SABA,
low-dose ICS/LABA+as-needed SABA, and as-needed SABA.

Detailed relative effect with 95% CrI of the overall network meta-analysis on morning and evening PEF
are reported in table 1 and SUCRA values in table S6.

Forced expiratory volume in 1 s
The overall network meta-analysis indicated that low- to medium-dose SMART and both ICS/LABA
+as-needed SABA or LABA were generally equally effective in improving FEV1 (p>0.05). Low- to
medium-dose SMART, but not high-dose ICS/LABA+as-needed SABA, was generally significantly
(p<0.05) more effective than ICS+as-needed SABA. Lower doses of ICS/LABA+as-needed SABA or LABA
significantly (p<0.05) improved FEV1 when compared with low-dose ICS+as-needed SABA, but not when
compared with medium-dose ICS+as-needed SABA (p>0.05). Administering ICS/LABA exclusively on an
as-needed basis was generally significantly (p<0.05) less effective in improving FEV1 compared with low-
to medium-dose SMART and ICS/LABA+as-needed LABA or SABA. The above reported treatments were
significantly (P<0.05) more effective than as-needed SABA in improving FEV1.

Severe asthma exacerbation (RR and 95% CI)

0.1 0.2 0.3 0.4 0.6 1.0 1.6

Severe asthma exacerbation (RR and 95% CI)

0.1 0.2 0.3 0.4 0.6 1.0 1.6

Severe asthma exacerbation (RR and 95% CI)
0.1 0.2 0.3

b)a)

c)

0.4 0.6 1.0 1.6

LD SMART versus as-needed SABA

MD SMART versus as-needed SABA

HD ICS/LABA + as needed SABA versus as-needed SABA

LD ICS/LABA + as needed LABA versus as-needed SABA

MD ICS/LABA + as needed SABA versus as-needed SABA

As-needed LD ICS/LABA versus as-needed SABA

MD ICS + as-needed SABA versus as-needed SABA

LD ICS/LABA + as-needed SABA versus as-needed SABA

LD SMART versus LD ICS + as-needed SABA

MD SMART versus LD ICS + as-needed SABA

LD ICS + as-needed SABA versus  as-needed SABA

LD SMART versus LD ICS/LABA + as-needed SABA

MD SMART versus LD ICS/LABA + as-needed SABA

LD SMART versus MD ICS + as-needed SABA

MD SMART versus MD ICS + as-needed SABA

LD SMART versus as-needed LD ICS/LABA

MD SMART versus as-needed LD ICS/LABA

HD ICS/LABA + as-needed SABA versus LD ICS + as-needed SABA

LD ICS/LABA + as-needed LABA versus LD ICS + as-needed SABA

MD ICS/LABA + as-needed SABA versus LD ICS + as-needed SABA

LD SMART versus MD ICS/LABA + as-needed SABA

HD ICS/LABA + as-needed SABA versus LD ICS/LABA + as-needed SABA

LD SMART versus LD ICS/LABA + as-needed LABA

MD SMART versus MD ICS/LABA + as-needed SABA

MD SMART versus LD ICS/LABA + as-needed SABA

HD ICS/LABA + as-needed SABA versus MC ICS + as-needed SABA

LD ICS/LABA + as-needed LABA versus LD ICS/LABA + as-needed SABA

LD SMART versus HD ICS/LABA + as-needed SABA

HD ICS/LABA + as-needed SABA versus as-needed LD ICS/LABA

MD ICS/LABA + as-needed SABA versus LD ICS/LABA  as-needed SABA

MD SMART versus HD ICS/LABA + as-needed SABA

LD ICS/LABA + as-needed LABA versus MD ICS + as-needed SABA

As-needed LD ICS/LABA versus LD ICS + as-needed SABA

LD ICS/LABA + as-needed LABA versus as-needed LD ICS/LABA

MD ICS/LABA + as-needed SABA versus MD ICS + as-needed SABA

MD ICS + as-needed SABA versus LD ICS + as-needed SABA

MD ICS/LABA + as -needed SABA versus as-needed LD ICS/LABA

LD ICS/LABA + as-needed SABA versus LD ICS + as-needed SABA

HD ICS/LABA + as-needed SABA versus MD ICS/LABA + as-needed SABA

As-needed LD ICS/LABA versus LD ICS/LABA + as-needed SABA

HD ICS/LABA + as-needed SABA versus LD ICS/LABA + as-needed LABA

MD ICS + as-needed SABA versus LD ICS/LABA + as-needed SABA

LD ICS/LABA + as-needed LABA versus MD ICS/LABA  + as-needed SABA

LD SMART versus MD SMART

As-needed LD ICS/LABA versus MD ICS + as-needed SABA

LD SMART versus as-needed SABA

As-needed LD ICS/LABA versus as-needed SABA

LD ICS/LABA + as-needed SABA versus as-needed SABA

LD SMART versus LD ICS + as-needed SABA

LD ICS + as-needed SABA versus as-needed SABA

LD SMART versus LD ICS/LABA + as-needed SABA

LD SMART versus as-needed LD ICS/LABA

As-needed LD ICS/LABA versus LD ICS + as-needed SABA

LD ICS/LABA + as-needed SABA versus LD ICS + as-needed SABA

As-needed LD ICS/LABA versus LD ICS/LABA + as-needed SABA

LD SMART versus LD ICS/LABA + as-needed SABA

LD SMART  versus MD ICS + as-needed SABA

MD SMART  versus LD ICS/LABA + as-needed SABA

MD SMART  versus MD ICS + as-needed SABA

LD SMART versus as-needed LD ICS/LABA

MD SMART versus as-needed LD ICS/LABA

LD SMART versus MD ICS/LABA + as-needed SABA

LD SMART versus LD ICS/LABA + as-needed LABA

HD ICS/LABA + as-needed SABA versus LD ICS/LABA + as-needed SABA

MD SMART versus MD ICS/LABA + as-needed SABA

HD ICS/LABA + as-needed SABA versus MD ICS + as-needed SABA

LD SMART versus HD ICS/LABA + as-needed SABA

MD SMART versus LD ICS/LABA + as-needed LABA

LD ICS/LABA + as-needed LABA versus LD ICS/LABA + as-needed SABA

LD ICS/LABA + as-needed LABA versus MC ICS + as-needed SABA

MD SMART versus HD ICS/LABA + as-needed SABA

MD ICS/LABA + as-needed SABA versus LD ICS/LABA + as-needed SABA

MD ICS/LABA + as-needed SABA versus MD ICS + as-needed SABA

HD ICS/LABA + as-needed SABA versus as-needed LD ICS/LABA

LD ICS/LABA + as-needed LABA versus as-needed LD ICS/LABA

MD ICS/LABA + as-needed SABA versus as-needed LD ICS/LABA

As-needed LD ICS/LABA versus MD ICS + as-needed SABA

As-needed LD ICS/LABA versus LD ICS/LABA + as-needed SABA

HD ICS/LABA + as-needed SABA versus <D ICS/LABA + as-needed SABA

LD SMART versus MD SMART

HD ICS/LABA + as-needed SABA versus LD ICS/LABA + as-needed LABA

LD ICS/LABA + as-needed LABA versus MD ICS/LABA + as-needed SABA

MD ICS + as-needed SABA versus LD ICS/LABA as-needed SABA 

FIGURE 2 Overall forest plot of the comparisons across different SMART and as-needed therapies on the risk of severe asthma exacerbation (a)
and subset network meta-analyses in adult mild-to-moderate (b) and moderate-to-severe (c) asthmatic patients. Treatments comparisons have
been sorted in agreement with level of efficacy. CrI: credible interval; HD: high-dose; ICS: inhaled corticosteroid; LABA, long-acting β2-agonist;
LD: low-dose; MD: medium-dose; RR: relative risk; SABA: short-acting β2-agonist; SMART: single maintenance and reliever therapy (known as
“SMART” or “MART”; for simplicity, SMART is used in the figure).
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Detailed relative effect with 95% CrI of the overall network meta-analysis on FEV1 are reported in table 1
and SUCRA values in table S6.

Asthma Control Questionnaire
Data concerning the change in ACQ were spurious when compared with the previously reported
outcomes. In any case, when possible, the overall network meta-analysis indicated that low-dose SMART
therapy was significantly (p<0.05) more effective than low-dose ICS/LABA+as-needed SABA or LABA,
as-needed low-dose ICS/LABA, ICS+as-needed SABA, and as-needed SABA in reducing ACQ. Low-dose
ICS/LABA+as-needed SABA or LABA significantly (p<0.05) reduced ACQ compared with both as-needed
ICS/LABA and as-needed SABA. Administering either ICS/LABA exclusively on as-needed basis or ICS
+as-needed SABA significantly (p<0.05) improved ACQ only with respect to as-needed SABA.
Medium-dose ICS/LABA+as-needed LABA was significantly (p<0.05) more effective than all the above
reported therapeutic options in reducing ACQ.

Detailed relative effects with 95% CrI of the overall network meta-analysis on ACQ are shown in table 1
and SUCRA values in table S6.

Severe adverse events
No statistically significant (p>0.05) differences were found across the investigated treatments with respect
to their impact on the risk of SAEs, excluding a significant (p<0.05) reduction in the risk of SAEs detected
for low-dose SMART compared with low-dose ICS/LABA+as-needed SABA. Detailed information on the
relative effect with 95% CrI of the risk of SAEs is reported in table 1 and SUCRA values in table S6.

Subset analyses
Tables 2 and 3 show results of the subset analyses on adult mild-to-moderate and moderate-to-severe
asthmatic patients, respectively.

Risk of bias and quality of evidence
The weighted plot for the assessment of the overall risk of bias by domains is shown in figure 4, and the
traffic light plot for the assessment of each included RCT is reported in figure S1. Most the RCTs had a
low risk of bias for the randomisation process (17 (81.0%)), missing outcome data (19 (90.5%)),
measurement of the outcomes (11 (52.4%)), and selection of the reported results (13 (61.9%)). Of the 21
RCTs, four (19.0%) had a high risk of bias due to the measurement of the outcomes, three (14.3%) due to
deviations from intended intervention, and one (4.8%) due to missing outcome. Ten studies (47.6%) had
some concerns on the risk of bias in the domain of deviations from intended intervention.
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FIGURE 3 Ranking plot of the efficacy of as-needed therapies in preventing the risk of severe exacerbation. Overall ranking plot displaying the
efficacy of as-needed therapies in preventing the risk of severe exacerbation in asthmatic patients (a) and subset analyses on adult
mild-to-moderate (b) and moderate-to-severe (c) asthmatic patients. Therapeutic strategies were plotted on the X-axis according to the surface
under the cumulative ranking curve analysis (SUCRA), where 1 results for a treatment considered to be the best, and 0 for a treatment considered
to be the worst. The treatments were plotted on the Y-axis according to the rank probability of best therapy, where a score of 1 is assigned to the
best therapeutic strategy. HD: high-dose; ICS: inhaled corticosteroid; LABA: long-acting β2-agonist; LD: low-dose; MD: medium-dose; SABA:
short-acting β2-agonist; SMART: single maintenance and reliever therapy (known as “SMART” or “MART”; for simplicity, SMART is used in the
figure); SUCRA: surface under the cumulative ranking curve.
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TABLE 2 Relative effects with 95% CrI resulting from the subset network meta-analysis in adult mild-to-moderate asthmatic patients. Treatments comparisons have
been sorted in agreement with SUCRA# findings for the primary endpoint reported in figure 3b

Comparisons References
for direct

comparisons

Primary endpoint Secondary endpoints

Severe asthma
exacerbation RR

Morning PEF
L·min−1

Evening PEF
L·min−1

FEV1 mL ACQ points SAEs RR

LD SMART versus
as-needed LD ICS/LABA IC 0.65 (0.41–1.06) 29.42 (19.37–40.04)* 23.52 (15.15–31.07)* 171.28 (68.49–267.32)* −0.29 (−0.44–

−0.12)*
0.55 (0.14–

2.20)
LD ICS/LABA+as-needed

SABA
[25, 27] 0.63 (0.46–0.87)* 6.34 (−0.71–13.87) 5.46 (−0.75–10.91) 21.27 (−33.53–75.55) −0.09 (−0.17–

−0.01)*
0.63 (0.35–

1.15)
LD ICS+as-needed SABA [29] 0.51 (0.31–0.79)* 20.49 (10.97–30.37)* 17.46 (9.68–24.85)* 143.54 (38.94–248.66)* −0.16 (−0.32–

0.00)
0.68 (0.19–

2.60)
as-needed SABA IC 0.28 (0.16–0.49)* 41.79 (30.55–54.08)* 34.53 (24.74–43.79)* 220.24 (109.46–

322.91)*
−0.46 (−0.62–

−0.28)*
0.53 (0.14–

2.29)
as-needed LABA IC NA NA NA 268.31 (115.56–

422.41)*
NA 3.00 (0.15–

124.99)
MD ICS/LABA+as-needed

LABA
[8] NA NA NA NA 0.23 (0.06–0.38)* NA

As-needed LD ICS/LABA
versus
LD ICS/LABA+as-needed

SABA
[24] 0.98 (0.61–1.51) −22.91 (−32.15–

−14.18)*
−18.09 (−26.01–

−10.05)*
−149.52 (−232.01–

−65.89)*
0.19 (0.06–0.32)* 1.15 (0.27–

5.27)
LD ICS+as-needed SABA [11, 12, 22,

26]
0.78 (0.57–0.95)* −8.97 (−17.23–

−1.15)*
−6.05 (−11.86–0.34) −27.99 (−58.80–12.02) 0.12 (0.07–0.17)* 1.24 (0.85–

1.95)
as-needed SABA [11, 22] 0.43 (0.31–0.59)* 12.44 (3.85–21.09)* 10.94 (4.30–18.02)* 49.71 (5.13–89.26)* −0.17 (−0.24–

−0.10)*
0.97 (0.61–

1.78)
as-needed LABA [23] NA NA NA 97.54 (−20.90–217.70) NA 5.29 (0.44–

180.30)
MD ICS/LABA+as-needed

LABA
IC NA NA NA NA 0.51 (0.29–0.73)* NA

LD ICS/LABA+as-needed
SABA versus
LD ICS+as-needed SABA IC 0.79 (0.49–1.23) 14.11 (4.36–24.04)* 12.06 (3.92–20.46)* 121.59 (36.59–214.08)* −0.07 (−0.21–

0.07)
1.07 (0.26–

4.46)
as-needed SABA IC 0.44 (0.26–0.77)* 35.64 (23.77–47.04)* 29.07 (19.39–38.64)* 198.50 (102.66–

290.01)*
−0.37 (−0.51–

−0.21)*
0.83 (0.20–

4.03)
as-needed LABA IC NA NA NA 247.84 (101.82–

390.62)*
NA 4.77 (0.22–

189.79)
MD ICS/LABA+as-needed

LABA
IC NA NA NA NA 0.32 (0.14–0.50)* NA

Continued

https://doi.org/10.1183/13993003.00625-2020
11

A
STH

M
A

|
P.R

O
G
LIA

N
IET

A
L.



TABLE 2 Continued

Comparisons References
for direct

comparisons

Primary endpoint Secondary endpoints

Severe asthma
exacerbation RR

Morning PEF
L·min−1

Evening PEF
L·min−1

FEV1 mL ACQ points SAEs RR

LD ICS+as-needed SABA
versus
as-needed SABA [11, 22] 0.55 (0.41–0.79)* 21.57 (13.29–30.08)* 17.03 (9.98–23.73)* 77.35 (28.53–114.13)* −0.30 (−0.36–

−0.22)*
0.78 (0.47–

1.38)
as-needed LABA IC NA NA NA 125.47 (−0.82–248.49) NA 4.22 (0.33–

145.40)
MD ICS/LABA+as-needed

LABA
IC NA NA NA NA 0.39 (0.16–0.62)* NA

As-needed LABA versus
as-needed SABA IC NA NA NA −48.78 (−178.92–

76.60)
NA 0.19 (0.01–

2.43)
MD ICS/LABA+as-needed
LABA versus
as-needed SABA IC NA NA NA NA −0.68 (−0.92–

−0.44)*
NA

ACQ: asthma control questionnaire; CrI: credible interval; FEV1: forced expiratory volume in 1 s; IC: indirect comparison; ICS: inhaled corticosteroid; LABA: long-acting β2-agonist; LD:
low-dose; MD: medium-dose; NA: not available; PEF: peak expiratory flow; RR: relative risk; SABA: short-acting β2-agonist; SAEs: severe adverse events; SMART: single maintenance and
reliever therapy (known as SMART or MART - for simplicity SMART is used in the Table); SUCRA: surface under the cumulative ranking curve. #: The SUCRA is 1 when a treatment is
considered to be the best, and 0 when a treatment is considered to be the worst. Bold text indicates statistical significance (*: p<0.05).
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TABLE 3 Relative effects with 95% CrI resulting from the subset network meta-analysis in adult moderate-to-severe asthmatic patients. Treatments comparisons
have been sorted in agreement with SUCRA# findings for the primary endpoint reported in figure 3c

Comparisons References
for direct

comparisons

Primary endpoint Secondary endpoints

Severe asthma
exacerbation RR

Morning PEF
L·min−1

Evening PEF
L·min−1

FEV1 mL ACQ points SAEs RR

LD SMART versus
MD SMART IC 0.96 (0.68–1.40) −11.35 (−28.58–7.13) −13.97 (−31.17–

0.76)
−32.15 (−223.45–

158.34)
NA 0.93 (0.55–

1.55)
HD ICS/LABA+as-needed

SABA
[31] 0.76 (0.50–1.20) −12.30 (−30.97–8.16) −12.57 (−31.62–

3.57)
−60.28 (−335.04–

216.93)
NA 0.91 (0.48–

1.71)
LD ICS/LABA+as-needed

LABA
[34] 0.73 (0.60–0.92)* 4.32 (−2.57–10.97) 5.13 (−1.25–10.90) 36.25 (−62.47–135.70) −0.09 (−0.24–

0.08)
1.19 (0.84–

1.68)
MD ICS/LABA+as-needed

SABA
[33] 0.71 (0.58–0.90)* −1.77 (−8.27–4.13) −0.33 (−6.11–5.22) 10.78 (−81.05–105.56) NA 0.89 (0.64–

1.21)
as-needed LD ICS/LABA IC 0.62 (0.39–1.01) 26.55 (15.10–37.47)* 22.56 (12.21–32.87)* 200.82 (41.18–353.62)* −0.30 (−0.56–

−0.03)*
NA

MD ICS+as-needed SABA [36, 37] 0.57 (0.45–0.70)* 20.03 (11.38–29.31)* 14.04 (6.00–21.64)* 88.89 (−48.26–217.52) NA 1.12 (0.79–
1.62)

LD ICS/LABA+as-needed
SABA

[25, 34, 36] 0.56 (0.48–0.67)* 6.59 (0.80–12.04)* 5.83 (0.31–10.80)* 52.44 (−33.04–130.77) −0.11 (−0.24–
0.03)

0.89 (0.69–
1.14)

LD ICS+as-needed SABA [6] NA NA NA 4.02 (−280.75–297.51) 0.12 (−0.81–1.08) NA
MD ICS/LABA+as-needed

LABA
[8] NA NA NA NA 0.22 (0.02–0.41)* NA

MD SMART versus
HD ICS/LABA+as-needed

SABA
[30, 32] 0.79 (0.60–1.04) −0.95 (−9.74–8.01) 0.91 (−6.59–9.36) −25.71 (−372.87–

294.78)
NA 0.99 (0.59–

1.60)
LD ICS/LABA+as-needed

LABA
IC 0.76 (0.49–1.12) 15.58 (−3.55–33.59) 19.97 (2.95–37.26)* 67.69 (−148.81–279.18) NA 1.28 (0.68–

2.41)
MD ICS/LABA+as-needed

SABA
[7, 35] 0.74 (0.54–0.99)* 9.39 (−7.82–25.42) 13.71 (0.38–29.99)* 42.23 (−125.97–209.38) NA 0.95 (0.62–

1.53)
as-needed LD ICS/LABA IC 0.66 (0.38–1.12) 37.83 (16.75–58.09)* 36.86 (19.34–57.15)* 232.57 (−12.72–475.30) NA NA
MD ICS+as-needed SABA IC 0.59 (0.38–0.88)* 31.65 (10.55–50.69)* 27.89 (10.96–47.42)* 120.01 (−119.69–

351.05)
NA 1.20 (0.65–

2.26)
LD ICS/LABA+as-needed

SABA
IC 0.58 (0.39–0.83)* 17.88 (−1.25–35.69) 19.88 (4.12–37.27)* 84.63 (−123.81–284.85) NA 0.95 (0.54–

1.67)
LD ICS+as-needed SABA IC NA NA NA 39.16 (−304.93–390.50) NA NA

HD ICS/LABA+as-needed
SABA versus
LD ICS/LABA+as-needed

LABA
IC 0.96 (0.59–1.51) 16.65 (−4.76–36.60) 19.85 (0.27–37.59)* 95.49 (−189.25–386.68) NA 1.30 (0.64–

2.81)
MD ICS/LABA+as-needed

SABA
IC 0.93 (0.62–1.34) 10.42 (−8.76–28.48) 12.34 (−2.89–30.86) 70.84 (−217.80–365.94) NA 0.96 (0.53–

1.79)
as-needed LD ICS/LABA IC 0.84 (0.46–1.45) 38.87 (15.32–60.51)* 36.93 (16.18–57.40)* 259.88 (−51.06–578.35) NA NA
MD ICS+as-needed SABA IC 0.74 (0.45–1.18) 32.61 (10.53–54.04)* 26.53 (7.99–47.80)* 147.03 (−152.48–

445.61)
NA 1.23 (0.60–

2.63)

Continued
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TABLE 3 Continued

Comparisons References
for direct

comparisons

Primary endpoint Secondary endpoints

Severe asthma
exacerbation RR

Morning PEF
L·min−1

Evening PEF
L·min−1

FEV1 mL ACQ points SAEs RR

LD ICS/LABA+as-needed
SABA

IC 0.73 (0.46–1.13) 18.99 (−2.39–38.52) 18.78 (1.24–37.68)* 111.06 (−169.97–
396.84)

NA 0.97 (0.49–
1.94)

LD ICS+as-needed SABA IC NA NA NA 64.88 (−326.36–476.42) NA NA
LD ICS/LABA+as-needed
LABA versus
MD ICS/LABA+as-needed

SABA
IC 0.96 (0.72–1.32) −6.22 (−15.59–2.82) −5.89 (−13.38–3.08) −24.91 (−160.76–

108.45)
NA 0.75 (0.46–

1.18)
as-needed LD ICS/LABA IC 0.85 (0.51–1.38) 22.33 (10.42–33.38)* 16.89 (6.76–28.49)* 164.85 (−3.95–329.39) −0.21 (−0.49–

0.06)
NA

MD ICS+as-needed SABA IC 0.78 (0.57–1.02) 15.61 (4.97–27.52)* 9.04 (−1.21–18.87) 53.62 (−115.48–216.76) NA 0.94 (0.58–
1.51)

LD ICS/LABA+as-needed
SABA

[34] 0.77 (0.62–0.95)* 2.26 (−4.74–8.59) 0.38 (−5.40–6.60) 16.74 (−85.31–112.72) −0.02 (−0.18–
0.13)

0.75 (0.52–
1.06)

LD ICS+as-needed SABA IC NA NA NA −30.84 (−331.96–
274.13)

NA NA

MD ICS/LABA+as-needed
LABA

IC NA NA NA NA 0.31 (0.05–0.54)* NA

MD ICS/LABA+as-needed
SABA versus
as-needed LD ICS/LABA IC 0.88 (0.56–1.43) 28.45 (15.33–41.04)* 23.30 (10.81–34.39)* 190.55 (2.88–369.40)* NA
MD ICS+as-needed SABA IC 0.81 (0.57–1.06) 21.94 (12.13–33.35)* 14.64 (4.39–23.72)* 77.79 (−83.32–234.96) NA 1.25 (0.78–

2.05)
LD ICS/LABA+as-needed

SABA
IC 0.79 (0.60–1.03) 8.30 (0.05–17.00)* 6.35 (−1.60–13.60) 41.26 (−87.69–164.51) NA 0.99 (0.67–

1.50)
LD ICS+as-needed SABA IC NA NA NA −5.51 (−303.26–

294.65)
0.21 (−0.74–1.18) NA

As-needed LD ICS/LABA
versus
MD ICS+as-needed SABA IC 0.90 (0.46–1.55) −6.44 (−19.92–8.54) −8.50 (−21.74–4.33) −112.59 (−317.64–

93.56)
NA NA

LD ICS/LABA+as-needed
SABA

[24] 0.90 (0.58–1.38) −20.01 (−29.64–
−10.21)*

−17.04 (−25.79–
−7.92)*

−149.21 (−280.78–
−13.66)*

0.19 (−0.03–0.41) NA

LD ICS+as-needed SABA IC NA NA NA −193.68 (−515.35–
124.58)

0.43 (−0.55–1.43) NA

MD ICS/LABA+as-needed
LABA

IC NA NA NA NA 0.52 (0.18–0.83)* NA

MD ICS+as-needed SABA
versus
LD ICS/LABA+as-needed

SABA
[36] 0.98 (0.78–1.30) −13.37 (−24.68–

−3.96)*
−8.36 (−17.52–1.52) −36.58 (−191.89–

120.07)
NA 0.79 (0.55–

1.14)
LD ICS+as-needed SABA IC NA NA NA −81.81 (−396.22–

228.68)
NA NA

Continued
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TABLE 3 Continued

Comparisons References
for direct

comparisons

Primary endpoint Secondary endpoints

Severe asthma
exacerbation RR

Morning PEF
L·min−1

Evening PEF
L·min−1

FEV1 mL ACQ points SAEs RR

LD ICS/LABA+as-needed
SABA versus
LD ICS+as-needed SABA IC NA NA NA −46.32 (−339.41–

249.50)
0.22 (−0.72–1.21) NA

MD ICS/LABA+as-needed
LABA

IC NA NA NA NA 0.33 (0.09–0.55)* NA

LD ICS+as-needed SABA
versus
MD ICS/LABA+as-needed

LABA
IC NA NA NA NA 0.09 (−0.90–1.04) NA

ACQ: Asthma Control Questionnaire; FEV1: forced expiratory volume in 1 s; HD: high-dose; IC: indirect comparison; ICS: inhaled corticosteroid; LABA: long-acting β2-agonist; LD:
low-dose; MD: medium-dose; NA: not available; PEF: peak expiratory flow; RR: relative risk; SABA: short-acting β2-agonist; SAEs: severe adverse events; SMART: single maintenance and
reliever therapy (known as SMART or MART - for simplicity SMART is used in the Table); SUCRA: surface under the cumulative ranking curve. #: the SUCRA is 1 when a treatment is
considered to be the best, and 0 when a treatment is considered to be the worst. Bold text indicates statistical significance (*: p<0.05).
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Most the studies (90.47%) included in this network meta-analysis were ranked as being of medium-to-high
quality in agreement with Jadad score; whereas, only 9.53% of them were characterised by low-quality
level. The sensitivity analysis performed by excluding the two studies [6, 7] reporting a Jadad score ⩽2,
and for which the RoB 2 tool mainly provided some concerns to high risk of bias (figure S1), did not
result in significant (p>0.05) differences in both the relative effect and SUCRA, compared with the overall
network meta-analysis.

The normalised consistency/inconsistency analysis showed that all points fit adequately with the line of
equality (overall goodness of fit: R2 0.997; slope 1.027, 95% CI 1.022–1.032), indicating that this network
meta-analysis was not affected by significant bias (figure S2a–f ). The lack of bias in the overall Bayesian
network was further confirmed by the absence of significant (p>0.05) inconsistency factors when the
investigated as-needed therapies were compared directly or indirectly. No significant (p>0.05)
inconsistency resulted for the subset analyses of both primary and secondary endpoints performed in
agreement with disease severity.

The overall quality of evidence ranked in agreement with the GRADE system concerning the impact of
each SMART and as-needed treatment in preventing the risk of severe asthma exacerbation is reported in
table 1. The specific GRADE analysis performed in adult mild-to-moderate asthmatic patients indicated
that the low-dose SMART and the use of ICS/LABA used exclusively on an as-needed basis, both
therapeutic strategies positioned in the first quartile by SUCRA, were ranked as having a high quality of
evidence (median value: ++++). In adult moderate-to-severe patients low- to medium-dose SMART, the
only therapeutic strategy positioned in the first quartile by SUCRA, was also ranked as having a high
quality of evidence (median value: ++++) in preventing severe asthma exacerbation.

Discussion
The main finding resulting from the meta-analysis of the primary endpoint is that SMART and as-needed
therapies are effective strategies in preventing the risk of severe asthma exacerbation, and that as-needed
SABA administered as monotherapy should be avoided in all asthmatic patients. Specifically, the treatment
ranking analysis of the efficacy of specific as-needed therapies against the risk of severe asthma
exacerbation provides the high quality of evidence that both low-dose SMART and administering ICS/
LABA exclusively on an as-needed basis are the best therapeutic options in adult patients suffering from
mild-to-moderate asthma, and that low- to medium-dose SMART should be considered the first
therapeutic strategy in adult moderate-to-severe asthmatic patients. From a clinical point of view, the effect
estimate resulting from the network meta-analysis in adult mild-to-moderate asthmatic patients indicates
that both low-dose SMART and the use of ICS/LABA exclusively on an as-needed basis overlapped the
minimal clinically important difference (MCID; at least a reduction from four to three exacerbations per
year, meaning ∼0.75 RR) [37, 38] in reducing the risk of severe asthma exacerbation compared with either
ICS/LABA+as-needed SABA, or ICS+as-needed SABA, or as-needed SABA. Generally SMART reached
such a level of MCID also in patients suffering from moderate-to-severe asthma versus low- to
medium-dose ICS/LABA+as-needed LABA or SABA, and ICS+as-needed SABA, but not when compared
with higher dose of ICS/LABA+as-needed SABA. Thus, since high-dose ICS/LABA+as-needed SABA was
ranked in the upper position of the second quartile of SUCRA, this therapeutic approach could be
considered as second-line treatment in preventing the risk of severe asthma exacerbation.

SMART was effective also on secondary endpoints, as it generally improved lung function and disease
control compared with the other as-needed therapies in adult mild-to-moderate asthmatic patients.
Conversely, in adult patients with moderate-to-severe asthma, low- to medium-dose SMART was only

0% 25%

Low risk Some concerns

100%50% 75%

Bias due to deviations from intended inverventions

Bias arising from the randomisation process

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

High risk

FIGURE 4 Weighted plot for the assessment of the overall risk of bias via the Cochrane RoB 2 tool (n=21 studies).
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partially more effective than the other as-needed therapies on lung function and asthma control.
Unexpectedly, no differences were found on the safety profile measured as the risk of experiencing SAEs
across all the investigated therapeutic strategies and clustered in agreement with disease severity.

The findings of this network meta-analysis concerning the efficacy of as-needed ICS/LABA treatments
strongly support the evidence raised from the SYGMA 1 and 2 studies [11, 12], in which it resulted that
although the treatment with as-needed budesonide/formoterol prevented severe exacerbations, this
therapeutic option was less effective than budesonide maintenance therapy at mitigating symptoms and
improving lung function [39]. In any case, the differences in these treatment outcomes were smaller than
the accepted MCIDs for these endpoints [12].

The fraction of exhaled nitric oxide (FeNO) is useful to predict the response to ICS treatment, to monitor
the adherence to therapy, and as a diagnostic tool in ICS-naïve patients [40]. FeNO seems to be also a
predictive factor for the risk of asthma exacerbation [40, 41]. In this respect, the Novel START Study [22]
documented a greater reduction in the FeNO levels among patients treated with either as-needed
budesonide/formoterol or budesonide maintenance therapy compared with those treated with as-needed
SABA. Nevertheless, although budesonide maintenance therapy resulted significantly more effective than
as-needed budesonide/formoterol in reducing FeNO [22], the findings of our study demonstrate that
as-needed ICS/LABA is significantly more effective than maintenance ICS therapy+as-needed SABA in
preventing the risk of severe exacerbation in mild-to-moderate asthmatic patients.

The discrepancy between the results of this meta-analysis and the assumption that the levels of FeNO are
related with the risk of asthma exacerbation [40, 41] could be explained by considering that FeNO levels are
poorly reproducible and do not correlate with the severity of exacerbations [42]. As a matter of fact, recent
evidences from an open-label RCT performed in mild asthmatic patients reported no significant
interaction between baseline biomarkers, namely blood eosinophil count and FeNO levels, and the effect of
as-needed budesonide/formoterol for exacerbations and severe exacerbations [43].

The evidences raised from this study further endorse the last version of the current GINA 2020 document
that suggests to administer low-dose as-needed ICS/LABA in mild asthma, low-dose ICS/LABA+as-needed
low-dose ICS/LABA (low-dose SMART) in moderate asthma, and medium-dose ICS/LABA+as-needed
low-dose ICS/LABA (medium-dose SMART) as preferred therapy in severe asthma [2]. Certainly, across
the available ICS/LABA combinations, the current evidence supports prevalently the use of as-needed
budesonide/formoterol to treat mild asthmatic patients [11, 12, 22], and budesonide/formoterol to be
administered as SMART in mild-to-moderate [27–29] and moderate-to-severe asthma [7, 34, 36, , ]. Only
one study was performed to test the efficacy of beclometasone/formoterol used as SMART in patients with
moderate asthma [25]. However, we cannot omit that a recent study [26] provided the indication that
budesonide/formoterol used as-needed for symptom relief was effective in reducing the risk of severe
asthma exacerbation in a population that included also moderate asthmatic patients. A further important
point is that the current literature does not provide evidence for using as-needed budesonide/formoterol
on top of non-formoterol containing combination therapies.

Although this quantitative synthesis clearly provides the rank of efficacy for the as-needed therapies in
asthma, an issue could remain concerning the comparison between medium-dose ICS/LABA+as-needed
low-dose ICS/LABA (medium-dose SMART) and high-dose ICS/LABA+as-needed SABA in severe, not
moderate, asthmatic patients. In fact, the studies that directly compared these two therapeutic options were
carried out in patients suffering from moderate-to-severe asthma [9, , ]. However, we have to highlight that
despite in the study of PAVORD et al. [9] budesonide/formoterol maintenance and reliever therapy was
compared with four-fold higher maintenance dose of budesonide, the medium-dose SMART regimen
resulted as effective as high-dose ICS/LABA+as-needed SABA in preventing the risk of severe asthma
exacerbation. Thus, we could argue that budesonide/formoterol maintenance and reliever therapy is a
suitable choice also for the most severe patients.

Network meta-analytic procedures are relatively new and they have been criticised especially for their
recent use in the indirect comparison across biologic treatments in severe asthma [44]. We agree that,
when a network meta-analysis includes treatments that have been never compared head-to-head in RCTs,
the resulting effect estimates from indirect comparisons could be uncertain [44]. Furthermore, although
some degree of variation across study populations could be acceptable in pairwise meta-analyses, this can
be disastrous in network meta-analyses [44]. Fortunately, several treatments we have assessed in the overall
network meta-analysis were directly compared in head-to-head RCTs, leading to network loops that were
further consolidated in the subset analyses performed in more homogenous populations, namely adult
patients suffering from either mild-to-moderate or moderate-to-severe asthma. Definitely, the methods
used in our study permitted to maintain a low and not significant level of inconsistency across the nodes
of the Bayesian evidence network [45–47].
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However, this study has also limitations. First, some RCTs led to concerns on the overall risk of bias
related with the deviation from intended intervention and selection of the reported results. Secondly,
considering the number of outcomes that were assessed, some statistically significant associations may
represent type I error. Thirdly, the SUCRA should be interpreted in agreement with the quality of
evidence, where the lower the quality of evidence the worse the accuracy of SUCRA. Since several
outcomes have been investigated in this network meta-analysis, the SUCRA should be considered
specifically for each outcome. Moreover, the extent of differences in the effects between treatments is not
considered during the computation of SUCRA and, equally important, SUCRA does not allow assessing
any statistically significant difference [48].

Indeed, the burden of severe asthma is associated with detrimental clinical impact in patients and
increasing healthcare costs [49–51]. Furthermore, therapeutic strategy should be optimised in
difficult-to-treat asthma before escalating to add on treatments such as oral corticosteroids or biologic
therapy [52, 53]. In this regard, there is the medical and scientific need for balanced and well-designed
head-to-head RCTs to assess the extent of superiority of SMART in reducing the risk of severe
exacerbation in Step 5 asthmatic patients compared with high-dose ICS/LABA+as-needed SABA.

To conclude, the evidence raised by this network meta-analysis clearly indicates that both SMART and
as-needed therapies represent suitable therapeutic options to reduce the risk of severe asthma exacerbation,
by providing the most effective positioning of each specific treatment in the management of asthma
according to the disease severity. In particular, while low-dose SMART was the first therapeutic choice at
every level of disease severity, as-needed low-dose ICS/LABA resulted as effective as low-dose SMART in
mild-to-moderate asthma being ranked borderline between the first and second treatment option.
Conversely, as-needed low-dose ICS/LABA was ranked only as the sixth option in moderate-to-severe
asthma. Although there may be discussion around the regular use of ICS versus as-needed ICS/LABA to
treat specifically mild asthmatic patients, to date, there is definitely no rationale for using as-needed SABA
as monotherapy in asthma. The findings of this study suggest the correct therapeutic indications to
clinicians that, however, should be interpreted in agreement with the medical needs of each single
asthmatic patient.
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