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Objective. Roflumilast is a novel therapeutic drug for chronic obstructive pulmonary disease (COPD). This study was designed to
evaluate the efficacy and safety of roflumilast combining inhaled corticosteroid (ICS)/long-acting β2 agonist (LABA) in treating
COPD patients through the meta-analysis. Methods. Randomized controlled trials of roflumilast combining ICS/LABA in
treating patients with severe and profound COPD were searched from PubMed, Cochrane Library, and Embase databases from
their establishment to February 2022. The quality of included studies was assessed by Cochrane risk bias assessment tool. The
main outcomes of these studies should include at least one of the following clinical outcome indicators: forced expiratory
volume in one second (FEV1), exacerbation rate, and adverse events (AEs) such as diarrhea, nasopharyngitis, and headache.
Results. Six articles were included in the study, including 9,715 patients. Meta-analysis revealed that compared with placebo,
roflumilast gained superiority for severe COPD patients treated with ICS/LABA combinations in FEV1 before bronchodilator
administration (MD= 46:62, 95% CI (30.69, 62.55), P < 0:00001), FEV1 after bronchodilator administration (MD= 45:62, 95%
CI (34.95, 56.28), P < 0:00001), and COPD exacerbation rate (RR = 0:90, 95% CI (0.87, 0.94), P = 0:001). In terms of safety, the
incidence of diarrhea, headache, nausea, weight loss, back pain, loss of appetite, and insomnia was notably higher in the
roflumilast group than in the placebo group. Conclusion. Roflumilast is suggested to be significantly effective for severe COPD
patients with ICS/LABA combination therapy, which reduces the exacerbation rate but also leads to PDE4 inhibitor-related
adverse reactions.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic
respiratory disease with a high risk of death, and its inci-
dence is high among smokers, which gradually increases
with age [1]. The obstruction often occurs in small airways
with diameter < 2mm in COPD patients, resulting in airflow
limitation. After bronchodilator administration, the decrease
of patient’s forced expiratory volume in one second (FEV1)
can reflect airflow limitation and lung functions, which can
be utilized to diagnose the disease severity of COPD patients
[2, 3]. Increased airflow limitation in COPD patients may
increase the exacerbation risk of symptoms, and this limita-

tion possesses incomplete reversibility, whereas bronchodi-
lators relax airway smooth muscle and increase tension,
making it relatively reversible [4]. Furthermore, inflamma-
tion in the lungs or the whole body would have occurred
in patients with COPD exacerbation, while inhaled cortico-
steroid (ICS) can reduce the exacerbation rate of COPD by
arresting inflammation [5]. A clinical trial revealed that
ICS combining dual bronchodilators is effective for patients
with severe COPD at high exacerbation risk [6]. However,
the treatment of COPD has been gradually relying on the
combination therapy of ICS and long-acting bronchodilators
in recent years, which may have safety risks or limit the dis-
ease control and prevention management of COPD [7].
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Therefore, drugs that are more suitable for treating severe
COPD or that can be used in combination with ICS to
increase the treatment efficiency are continuously required.

Roflumilast is a phosphodiesterase-4 inhibitors (PDE4),
which has anti-inflammatory effects and can inhibit the
release of inflammatory mediators, thus advantageously
treating the respiratory diseases, such as pulmonary inflam-
mation complicated by asthma and COPD [8]. In terms of
treating severe to profound COPD, roflumilast could attenu-
ate frequent exacerbation of symptoms in patients, thus
enabling them enter a stable period and reducing the history
of exacerbation and the times of hospitalization [9, 10].
Meanwhile, roflumilast is well tolerated and has a favorable
affinity with phosphodiesterase 4, which could effectively
ameliorate lung functions of patients with severe to pro-
found COPD [8, 11]. Nowadays, roflumilast generally func-
tions as an adjunct to combination therapy of ICS and long-
acting bronchodilators to further improve the drug efficacy
in patients with severe to profound COPD. Long-acting
beta2-agonists (LABAs) and long-acting muscarinic antago-
nists (LAMAs) are the widely used bronchodilators in com-
bination therapies for severe COPD [12]. Roflumilast
combining LABA/LAMA was pointed out to ameliorate lung
functions of COPD patients, which is more effective than
those treated with LABA or LAMA alone. Besides, roflumi-
last combining ICS/LABA or ICS/LABA/LAMA can effec-
tively reduce the exacerbation rate of COPD [10, 13].

Therefore, we conducted a meta-analysis to comprehen-
sively evaluate the efficacy and safety of roflumilast combin-
ing ICS/LABA or ICS/LABA/LAMA in patients with severe
COPD.

2. Methods

2.1. Literature Retrieval. Randomized controlled trials
(RCTs) of roflumilast combining ICS/LABA in COPD
patients were retrieved from PubMed, Cochrane library,
and Embase databases. All related English literature was
researched from the establishment of databases to February
2020, whose keywords consisted of “roflumilast”, “inhaled
corticosteroid”, “long-acting β2 agonist”, and “chronic
obstructive pulmonary disease”.

2.2. Selection of Literature

2.2.1. Inclusion Criteria. (1) Subjects: patients diagnosed
with severe COPD by histopathological examination. At
the same time, their spirometry showed airflow obstruction
(after passing bronchodilator, forced expiratory volume in
one second and forced vital capacity ðFEV1/FVCÞ < 0:70);
(2) study type: phase III/IV RCTs; (3) interventions: combi-
nation treatment of roflumilast and ICS/LABA for COPD;
(4) control group: combination treatment of placebo and
ICS/LABA for COPD; and (5) outcome indicators: the fol-
lowing descriptions were included: FEV1, exacerbation rate,
and AEs (such as diarrhea, nasopharyngitis, and headache).

2.2.2. Exclusion Criteria. (1) The intervention contained only
ICS or LABA, or the control drug was not a placebo; (2) ani-
mal experiments; (3) non-English literature, repeatedly pub-

lished literature, or guidelines, review, case analysis, expert
experience, meeting records, technical reports, and edito-
rials; (4) literature with inconsistent data or could not be
extracted; and (5) therapeutic drugs mentioned in the litera-
ture were not approved by the drug administration.

2.3. Data Extraction and Quality Assessment. Two investiga-
tors extracted the data independently, and a third investiga-
tor mended their divergences. These data, including author,
year of publication, trial stage, sample size, interventions,
FEV1, exacerbation rate, and AEs, were extracted from the
trials. Quality assessment of the included studies was per-
formed employing Cochrane bias risk assessment tool. This
scale mainly evaluated the bias risk with 7 items in 6 aspects,
including random sequence generation, allocation conceal-
ment, blind evaluation of investigators and subjects, blind
evaluation of outcomes, integration of outcome data, report-
ing bias, and other obvious biases. The results of “low-risk
bias,” “high-risk bias,” and “unclear” were obtained.

2.4. Statistical Methods. The Review Manager 5.4 software
was applied for meta-analysis. Risk ratio (RR) served as the
effect index for the count (dichotomous) data, and mean dif-
ference (MD) was utilized as the effect index for measure-
ment (continuous variable) data, with point estimate values
and 95% confidence intervals (CI) given for each effect size.
The heterogeneity among results was determined by chi-
square test, and the size of heterogeneity was quantitatively
determined by combining I2. I2 ≤ 50% and P ≥ 0:1 were con-
sidered to indicate no statistical heterogeneity among stud-
ies, and a fixed-effect model was carried out. Otherwise,
heterogeneity was considered, and a random-effect model
was applied for meta-analysis.

3. Results

3.1. Literature Retrieval Results. 136 studies were discarded
in the 146 preliminarily searched literature by browsing titles
and abstracts (guidelines, review, case analysis, expert expe-
rience, meeting records, technical reports, editorials, and
republications). Among the 10 remaining literature, 4 were
excluded after a full-text review, and other 6 studies [10,
14–18] that met the criteria were included. Figure 1 displays
the literature screening process.

3.2. Basic Features and Quality Assessments of the Included
Literature. Finally, 9,715 COPD cases were enrolled in the
6 included literature. Among them, 5,045 patients were
treated with roflumilast combining ICS/LABA, and 4,670
patients were treated with placebo combining ICS/LABA.
In 3 involved literatures [15–17], some patients were dosed
with short-acting β2 receptor agonist (SABAs) during the
trial according to the actual situation. In all included treat-
ment methods, patients were treated with or without
LAMAs in line with their actual situation. The basic features
of the included studies are indicated in Table 1. Cochrane
bias risk assessment revealed that, except the large bias
caused by the withdrawal of more cases from the trial due
to adverse reactions in the experimental group than in the
control group, other kinds of bias risk were at a low level.
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The overall quality of the included literature was relatively
high, as represented in Figures 2(a) and 2(b).

3.3. Meta-analysis Results

3.3.1. Changes in FEV1 before Bronchodilator Administration
Relative to Baseline. Four studies were included. FEV1 was evi-
dently increased in the roflumilast group before bronchodilator
administration, whereas FEV1 decrease was observed in the pla-

cebo group. Meta-analysis of the random-effect model illus-
trated that the difference between experimental group and
control group was significant when α = 0:05 (MD= 46:62,
95% CI (30.69, 62.55), P < 0:00001), as shown in Figure 3.

3.3.2. Changes in FEV1 after Bronchodilator Administration
Relative to Baseline. Four studies were included. FEV1 was
notably increased in the roflumilast group after bronchodila-
tor administration, whereas FEV1 decrease was observed in
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Figure 1: Flow chart of literature screening process.

Table 1: Primary characteristics of the eligible studies in more detail.

Author (year) Phase
No. of patients Male, n (%) Age, mean (SD)

COPD severity, n (%)
Severe Very severe

Roflumilast Placebo Roflumilast Placebo Roflumilast Placebo Roflumilast Placebo Roflumilast Placebo

Calverley PM
(2007)

IV 1,178 1,174 821 (70) 794 (68) 64 (8.8) 65 (8.4) 508 (67)
510
(68)

181 (24)
176
(23)

Calverley PM
(2009)

IV 973 972 718 (74) 725 (75) 65 (8.4) 65 (8.4) 943 (61)
989
(64)

463 (30)
440
(28)

Rennard SI
(2011)

IV 30 11 NR NR 64 (7.4) 70 (6.8) 356 (63)
399
(66)

148 (26)
169
(28)

De Backer W
(2014)

III 567 606 387 (68) 400 (66) 64 (8.7) 64 (8.8) NR NR NR NR

Martinez FJ
(2015)

III 1,537 1,154 1,150 (75)
1,186
(76)

64 (9.0) 64 (9.0) 678 (70)
677
(70)

291 (30)
273
(28)

Martinez FJ
(2016)

III 760 753 571 (75) 574 (76) 65 (9.6) 64 (9.1) 698 (59)
720
(61)

474 (40)
446
(38)

NR: no report.
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the placebo group. Meta-analysis of the random-effect
model illustrated that the difference between experimental
group and control group was significant when α = 0:05
(MD= 45:62, 95% CI (34.95, 56.28), P < 0:00001), as exhib-
ited in Figure 4.

3.3.3. COPD Exacerbation. Three studies were eventually
included for exploring COPD exacerbation. The results of
meta-analysis demonstrated that COPD exacerbation rate

in the roflumilast group was remarkably lower than that in
the placebo group, and the difference was statistically signif-
icant (RR = 0:90, 95% CI (0.87, 0.94), P = 0:001), as dis-
played in Figure 5.

3.3.4. Adverse Reactions. Among the adverse reactions, each
of diarrhea, headache, nausea, and nasopharyngitis was
included in 4 literatures. Each of weight loss, appetite loss,
insomnia, back pain, influenza, pneumonia, hypertension,
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Figure 2: The quality assessment of the included literature: (a) overall bias risk; (b) bias risk for each RCT.

Study or subgroup
Roflumilast Placebo Mean difference

IV, random, 95% CI
Calverley 2007
Calverley 2009
Rennard 2011
Backer 2014

Mean

9
40
30
66

SD

11
229
182
120

Total
760

1457
545

30

Mean

−27
−9
−12
−59

SD
11

194
178

71

Weight

Total (95% CI)
Heterogeneity: Tau2 = 162.69; Chi2 = 11.49, df = 3 (P = 0.009); I2 = 74%
Test for overall effect: Z = 5.73 (P < 0.00001)

2792

Total

753
1511

596
11

2871

40.5%
29.6%
23.9%

6.0%

100.0%

Mean difference

IV, random, 95% CI
36.00 [34.89, 37.11]
49.00 [33.70, 64.30]
42.00 [21.08, 62.92]

125.00 [64.96, 185.04]

46.62 [30.69, 62.55]

Favours [placebo] Favours [roflumilast]
−100 −50 0 50 100

Year
2007
2009
2011
2014

Figure 3: Comparison of FEV1 changes before bronchodilator administration between the roflumilast group and placebo group.
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and death was included in 3 literature, and upper respiratory
tract infection was included in 2 literatures. Meta-analysis of
the fixed-effect model confirmed that the incidence of diar-
rhea (RR = 2:95, 95% CI (2.45, 3.56), P < 0:00001), headache
(RR = 1:95, 95% CI (1.56, 2.43), P < 0:00001), nausea
(RR = 2:58, 95% CI (2.01, 3.30), P < 0:00001), weight loss
(RR = 3:41, 95% CI (2.74, 4.24), P < 0:00001), appetite loss
(RR = 5:01, 95% CI (3.18, 7.90), P < 0:00001), insomnia
(RR = 2:17, 95% CI (1.58, 2.96), P < 0:00001), and back pain
(RR = 1:45, 95% CI (1.09, 1.94), P = 0:01) was markedly
higher than that in the placebo group, and the differences
were statistically significant, as presented in Figure 6.

As indicated in Figure 7, there was no statistically signif-
icant difference in incidence of nasopharyngitis (RR = 0:93,
95% CI (0.78, 1.10), P = 0:39), influenza (RR = 1:08, 95%
CI (0.83, 1.41), P = 0:58), pneumonia (RR = 1:02, 95% CI
(0.82, 1.28), P = 0:85), upper respiratory tract infection
(RR = 0:88, 95% CI (0.68, 1.12), P = 0:30), hypertension
(RR = 0:81, 95% CI (0.62, 1.05), P = 0:12), and death
(RR = 1:05, 95% CI (0.78, 1.41), P = 0:74) between the roflu-
milast group and placebo group.

4. Discussion

COPD exacerbation is an acute event characterized by wors-
ening of respiratory symptoms, which requires alterations of
drug therapy and/or hospitalization [19]. Therefore, drug
therapy for COPD is designed to relieve symptoms and
reduce the risk of AEs such as exacerbation, disease progres-
sion, and death [20]. The combination of ICS/LABA has

been shown to reduce acute exacerbations of COPD and is
often the preferred treatment for COPD [21, 22]. However,
acute exacerbations of COPD are usually associated with
high level of inflammation in the body [23]. Roflumilast
can reduce the levels of inflammatory markers in the airway
of COPD patients and is approved for long-term treatment
in combination with ICS and long-acting bronchodilators
of patients at high risk of acute exacerbation [24]. As roflu-
milast is recommended as an adjunct agent for patients with
severe COPD, its combination with ICS/LABA effectively
decreases the exacerbation risk in patients with severe
COPD [25]. This study evaluated the efficacy and safety of
roflumilast in patients with moderate to severe COPD using
RCT data in combination with inhaled ICS/LABA.

The results suggested that compared with placebo, roflu-
milast remarkably ameliorated lung functions (as measured
with FEV1 before and after bronchodilator administration)
and reduced the incidence of COPD exacerbation in patients
with moderate to severe COPD. FEV1 improvement plays a
crucial role in determining the efficacy of new drugs for
COPD [20]. In one included study, the end-point values of
FEV1 before and after bronchodilator administration are
higher in the roflumilast group than the baseline level, while
FEV1 reduction was observed in the placebo group, which is
in line with previous studies [26].

Heterogeneity is attributed to the differential definition
of COPD exacerbation. In 3 literatures including this index,
moderate to severe exacerbation is defined as the need for
oral or parenteral glucocorticoid therapy (with or without
antibiotics) and being hospitalized, or dead, or both. As a

Study or subgroup
Roflumilast Placebo Mean difference

IV, random, 95% CI

Mean difference

IV, random, 95% CI
Calverley 2007
Calverley 2009
Rennard 2011
Martinez 2015

Mean

12
50
26
52

SD
11

229
182
195

Total
760

1453
543
928

Mean

−26
−4
−16
−4

SD
11

232
182
190

Weight

Total (95% CI)
Heterogeneity: Tau2 = 68.18; Chi2 = 7.70, df = 3 (P = 0.05); I2 = 61%
Test for overall effect: Z = 8.38 (P < 0.00001)

3684

Total

753
1500

592
941

3786

43.2%
21.1%
15.6%
20.1%

100.0%

38.00 [36.89, 39.11]
54.00 [37.37, 70.63]
42.00 [20.37, 63.63]
56.00 [38.54, 73.46]

45.62 [34.95, 56.28]

Favours [placebo] Favours [roflumilast]
−100 −50 0 50 100

Year
2007
2009
2011
2015

Figure 4: Comparison of FEV1 changes after bronchodilator administration between the roflumilast group and placebo group.

Study or subgroup
Roflumilast Placebo Risk ratio

M-H, random, 95% CI

Risk ratio

M-H, random, 95% CI
Calverley 2007
Rennard 2011
Martinez 2015

Weight

Total (95% CI)
Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 4.57, df = 2 (P = 0.10); I2 = 56%
Test for overall effect: Z = 3.22 (P = 0.001)

Total
760
567
810

2137

Events

651
337
380

1367

Total

753
606
823

2182

Events
691
419
432

1542

48.8%
27.4%
23.8%

100.0%

0.93 [0.90, 0.97]
0.86 [0.79, 0.94]
0.89 [0.81, 0.99]

0.90 [0.85, 0.96]

Favours [roflumilast] Favours [placebo]
0.7 0.85 1 1.2 1.5

Year
2007
2011
2015

Figure 5: Comparison of COPD exacerbation rate between the roflumilast group and placebo group.
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Study or subgroup
Roflumilast Placebo Risk ratio

M-H, fixed, 95% CI

Risk ratio

M-H, fixed, 95% CI
Diarrhea
Calverley 2007
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 0.98, df = 3 (P = 0.81); I2 = 0%
Test for overall effect: Z = 11.43 (P < 0.00001)

Events

71
130

99
119

Total

760
1547

968
1178
4453

Events

20
49
35
38

Weight

419 142

Total

753
1565

967
1174
4459

3.4%
8.2%
5.9%
6.4%

24.0%

3.52 [2.16, 5.72]
2.68 [1.95, 3.70]
2.83 [1.94, 4.11]
3.12 [2.19, 4.46]
2.95 [2.45, 3.56]

Favours (roflumilast) Favours (placebo)
0.2 0.5 1 2 5

Year

2007
2009
2015
2016

Headache
Calverley 2007
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 1.95, df = 3 (P = 0.58); I2 = 0%
Test for overall effect: Z = 5.83 (P < 0.00001)

47
51
40
80

760
1547

968
1178
4453

18
25
21
48

218 112

753
1565

967
1174
4459

3.1%
4.2%
3.6%
8.1%

18.9%

2.59 [1.52, 4.41]
2.06 [1.29, 3.31]
1.90 [1.13, 3.20]
1.66 [1.17, 2.35]
1.95 [1.56, 2.43]

2007
2009
2015
2016

Nausea
Calverley 2007
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 4.35, df = 3 (P = 0.23); I2 = 31%
Test for overall effect: Z = 7.52 (P < 0.00001)

38
62
55
64

760
1547

968
1178
4453

10
30
15
30

219 85

753
1565

967
1174
4459

1.7%
5.0%
2.5%
5.1%

14.4%

3.77 [1.89, 7.50]
2.09 [1.36, 3.21]
3.66 [2.08, 6.44]
2.13 [1.39, 3.26]
2.58 [2.01, 3.30]

2007
2009
2015
2016

Weight loss
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 0.22, df = 2 (P = 0.90); I2 = 0%
Test for overall effect: Z = 10.95 (P < 0.00001)

157
88
91

1547
968

1178
3693

44
27
28

1565
967

1174
3706

7.4%
4.6%
4.7%

16.7%

3.61 [2.60, 5.01]
3.26 [2.14, 4.96]
3.24 [2.14, 4.91]
3.41 [2.74, 4.24]

2009
2015
2016

Decreased appetite
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 1.22, df = 2 (P = 0.54); I2 = 0%
Test for overall effect: Z = 6.94 (P < 0.00001)

36
36
38

1547
968

1178
3693

7
5

10

1565
967

1174
3706

1.2%
0.8%
1.7%
3.7%

5.20 [2.32, 11.66]
7.19 [2.83, 18.25]

3.79 [1.90, 7.56]
5.01 [3.18, 7.90]

2009
2015
2016

Insomnia
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 96, df = 2 (P = 0.62); I2 = 0%
Test for overall effect: Z = 4.83 (P < 0.00001)

37
29
55

1547
968

1178
3693

20
15
21

1565
967

1174
3706

3.4%
2.5%
3.6%
9.5%

1.87 [1.09, 3.21]
1.93 [1.04, 3.58]
2.61 [1.59, 4.29]
2.17 [1.58, 2.96]

2009
2015
2016

Back pain
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 1.22, df = 2 (P = 0.54); I2 = 0%
Test for overall effect: Z = 2.54 (P = 0.01)

50
27
33

1547
968

1178
3693

35
14
21

1565
967

1174
3706

5.9%
2.4%
4.6%

12.8%

1.45 [0.94, 2.21]
1.93 [1.02, 3.65]
1.22 [0.74, 2.01]
1.45 [1.09, 1.94]

2009
2015
2016

Total (95% CI)
Total events
Heterogeneity: Chi2 = 49.51, df = 23 (P = 0.001); I2 = 54%
Test for overall effect: Z = 20.06 (P < 0.00001)
Test for subgroup differences: Chi2 = 38.83, df = 6 (P < 0.00001); I2 = 84.5%

419
28131

142
28201 100.0% 2.59 [2.36, 2.85]

99

22

56

76

110

121

110

336

Figure 6: Comparison of incidence of adverse reactions between the roflumilast group and placebo group.
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previous study described, roflumilast and ICS may reduce
inflammation through different mechanisms. The combina-
tion of these agents may be cumulative or synergistic, and
the utilization of their combination may provide clinical
benefits beyond those achieved by single ICS, single PDE4
inhibitor, or ICS/LABA combination therapy [27]. Hajian
et al. [25] suggested that roflumilast may enhance the effi-

cacy of ICS/LABA by reducing inflammation and edema
via opening smaller airways or preventing airway collapse,
thereby reducing regional overinflation. In a receiving
appropriate combination therapy (REACT) trial, roflumilast
in combination with ICS/LABA significantly reduced rates
of exacerbation and hospitalization in moderate to severe
COPD [10], which was consistent with our results.

Study or subgroup
Roflumilast Placebo Risk ratio

M-H, fixed, 95% CI

Risk ratio

M-H, fixed, 95% CI

Nasopharyngitis
Calverley 2007
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 0.73, df = 3 (P = 0.87); I2 = 0%
Test for overall effect: Z = 0.85 (P = 0.39)

Events

53
92
52
47

Total

760
1547

968
1178
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Events

56
97
52
58

Weight

244
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263
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Total
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1565
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1174
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6.7%
11.5%

6.2%
6.9%

31.4%

0.94 [0.65, 1.35]
0.96 [0.73, 1.27]
1.00 [0.69, 1.45]
0.81 [0.55, 1.18]
0.93 [0.78, 1.10]

Favours [roflumilast] Favours [placebo]
0.2 0.5 1 2 5

Year

2007
2009
2015
2016

Influenza
Calverley 2007
Calverley 2009
Martinez 2015
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 0.18, df = 2 (P = 0.91); I2 = 0%
Test for overall effect: Z = 0.56 (P = 0.58)

40
39
31

760
1547
1178
3485

34
38
30

753
1565
1174
3492

4.1%
4.5%
3.6%

12.2%

1.17 [0.75, 1.82]
1.04 [0.67, 1.61]
1.03 [0.63, 1.69]
1.08 [0.83, 1.41]

2007
2009
2016

Total (95% CI)
Total events
Heterogeneity: Chi2 = 7.43, df = 17 (P = 0.98); I2=0%
Test for overall effect: Z = 1.05 (P = 0.30)
Test for subgroup differences: Chi2 = 3.65, df = 5 (P = 0.60); I2 = 0%

794
21742

837
21808 100.0% 0.95 [0.86, 1.05]

Pneumonia
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 2.28, df = 2 (P = 0.32); I2 = 12%
Test for overall effect: Z = 0.19 (P = 0.85)

42
39
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1547
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1178
3693
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1565
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3.7%
5.4%
8.1%

17.2%

1.37 [0.87, 2.17]
0.87 [0.57, 1.32]
0.97 [0.70, 1.34]
1.02 [0.82, 1.28]

2009
2015
2016

144147

Hypertension
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 0.18, df = 2 (P = 0.92); I2 = 0%
Test for overall effect: Z = 1.57 (P = 0.12)
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3693
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3706
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0.80 [0.53, 1.22]
0.89 [0.52, 1.53]
0.76 [0.49, 1.20]
0.81 [0.62, 1.05]

2009
2015
2016
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Deaths
Calverley 2009
Martinez 2015
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 0.37, df = 2 (P = 0.83); I2 = 0%
Test for overall effect: Z = 0.34 (P = 0.74)

42
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1547
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1178
3693

42
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3706

5.0%
2.2%
3.0%
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1.01 [0.66, 1.54]
0.94 [0.49, 1.82]
1.20 [0.71, 2.02]
1.05 [0.78, 1.41]

2009
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2016

8589

Upper respiratory
tract infection
Calverley 2009
Martinez 2016
Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 0.99, df = 1 (P = 0.77); I2 = 0%
Test for overall effect: Z = 1.04 (P = 0.30)

49
60

1547
1178
2725

59
66

1565
1174
2739

7.0%
7.9%

14.9%

0.84 [0.58, 1.22]
0.91 [0.64, 1.27]
0.88 [0.68, 1.12]

2009
2016

125109

Figure 7: Comparison of incidence of adverse reactions between the roflumilast group and placebo group (no difference).
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More AEs and higher AE incidence were observed in the
roflumilast group than the placebo group. In previously
pooled analyses, this therapy mainly affects the gastrointesti-
nal tract and nervous system, and the most common AEs
comprise diarrhea, nausea, headache, and weight loss [9, 28],
which are empirical PDE4 inhibitor-associated AEs [29].
And the incidence of this therapy is in accordance with that
of a previous 6-month RCT of roflumilast [30]. In this study,
compared with patients taking placebo, the most reported
AEs were decreased appetite and weight loss in those taking
roflumilast. And patients in the roflumilast group are eluci-
dated to lost more weight [10, 17]. Among adverse reactions,
pneumonia was proved to be correlated with an increased risk
of death in COPD [31], and the use of ICS leads to an
increased risk of pneumonia in COPD patients [32]. Roflumi-
last was not explored to increase the incidence of pneumonia
in our study (P = 0:85). During the study, approximately
2%-3% of patients died mainly due to COPD exacerbation
and AEs [10], with no difference in mortality between the
roflumilast and placebo groups (P = 0:74Þ.

However, several limitations existed in this study. First,
little literature containing RCTs was included, whose results
might not fully reflect the treatment situation. Second, vari-
ous patients in the roflumilast group quit the trial due to AEs
than those in the control group, which did not indicate the
true incidence of AEs. Third, confined to the data provided
by the original study authors, this study was unable to con-
duct a subgroup analysis, and expanded studies are needed
in the future to characterize the population with the greatest
benefit from this therapy. Finally, the evaluation of publica-
tion bias and funnel plot was not carried out in this study
because less than 10 literatures were included.

Taken all together, according to the completed RCTs,
roflumilast was dramatically effective to patients with severe
and profound COPD treated with ICS/LABA and notably
reduced the incidence of exacerbation but brought PDE4
inhibitor-associated AEs.
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