Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

The effect of zataria multiflora on respiratory symptoms, pulmonary functions,
and oxidative stress parameters: a systematic review and meta-analysis

Naheed Aryaeian
Iran University of Medical Sciences

Fahimeh Agh
Saveh University of Medical Sciences

Seyed Mojtaba Ghoreishy
Iran University of Medical Sciences

Amirhossein Ramezani Ahmadi
Isfahan University of Medical Sciences

Narges Sadeghi

Ahvaz Jundishapur University of Medical Sciences
Narges Dehghan

Ahvaz Jundishapur University of Medical Sciences
Mehrnaz Morvaridi (&% mehrnaz.morvaridi@gmail.com )

Iran University of Medical Sciences

Research Article

Keywords: Zataria multiflora, Respiratory symptoms, Pulmonary function, oxidative stress

Posted Date: October 23rd, 2023

DOL: https://doi.org/10.21203/rs.3.rs-3362817/v1

License: @ ® This work is licensed under a Creative Commons Attribution 4.0 International License. Read Full License

Additional Declarations: No competing interests reported.

Page 1/15


https://doi.org/10.21203/rs.3.rs-3362817/v1
mailto:mehrnaz.morvaridi@gmail.com
https://doi.org/10.21203/rs.3.rs-3362817/v1
https://creativecommons.org/licenses/by/4.0/

Abstract
Background

Zataria multiflora Boiss. is a medicinal plant with multiple pharmacological effects. This systematic review aims to review the available randomized
controlled trials (RCTs) to assess the effects of zataria multiflora on respiratory symptoms, pulmonary function, and oxidative stress parameters.

Materials & Methods

We conducted a systematic review by searching the PubMed, Scopus, EMBASE, Cochrane Central for Randomized Clinical Trials. All statistical analyses were
performed using STATA.

Results

Z. multiflora had a significant effect on cough, day wheezing, night wheezing and chest wheezing. Also, significantly improved FEV, FVC, MMEF, and PEF. In
addition, significantly reduced MDA levels and increased CAT levels.

Conclusion

The meta-analysis showed that the consumption of ZT significantly reduced respiratory symptoms compared to the control group. Also, Zataria multiflora
might be beneficial in improving pulmonary function. Except MDA, the result of this study indicated that Zataria multiflora did not have any significant effect
on oxidative stress parameters.

Introduction

Zataria multiflora Boiss. or Shirazi thyme is a medicinal plant that grows in Iran, Afghanistan and Pakistan. It is thyme like herb that belongs to Lamiaceae
family (1). The essential oil of the Z. multiflora contains significant amounts of phenols and flavonoids that among them, carvacrol and thymol are the main
compounds. The other major components if this plant are P-cymene, linalool, caryophyllene, -terpinene and borneol (2). As well as, among the
phytochemicals reported from Z. multiflora are Flavonoids like apigenin, luteolin and 6-hydroxy luteolin (3).

The plant and its ingredients have multiple pharmacological effects such as antioxidant, anti-inflammatory, immunomodulatory (1, 4-6). Moreover, Z.
multiflora is used as antiseptic, antispasmodic and treatment of cold and cough in traditional medicine (2). The results from previous studies suggested the
protective effects of Z. multiflora on animal models of asthma and chronic obstructive pulmonary disease (COPD) because of their antioxidant, anti-
inflammatory, immunomodulatory effects (7, 8). In addition, Z. multiflora also has other therapeutical uses include e treatment of some Gl disorders, such as
bloating, dyspepsia and irritable bowel syndrome, fever, premature labor pain, rupture, bone and joint pain, headache, migraine, gastrodynia, diarrhea, vomiting
and the common cold (9).

The respiratory system primary function is gas exchange, and its anatomy and physiology are suitable to fulfil this function (10). The respiratory function of
the lung is critical and important for survival because oxygen is a vital molecule for the production of energy that is essential for the life of organisms (11).
Respiratory disorders are a common cause of illness and death all over the world. Asthma, bronchitis, common colds and cough are among the most common
disorders of the respiratory system (12). Immune and inflammatory responses are associated with respiratory disorders such as asthma and COPD.
Furthermore, oxidants also are related to respiratory disorders and they are significantly increased in them (13).

Medicinal plants are used for the medical treatment of several disorders (14). Traditionally various herbal products used for the treatment of respiratory
disorders including asthma and bronchitis (15). Z. multiflora is one of the medicinal herbs that used as a treatment for disorders of respiratory tract and
common cold due to antiseptic and anti-tussive effect (16). Moreover, Z. multiflora can moderate oxidative stress, inflammation and immunological
parameters (5, 8, 17-19). Previous studies reported that Z. multiflora has a decreasing effect on tracheal responsiveness, long inflammation, pathological
change and cytokine levels in animal models of asthma and COPD (20-22). The therapeutic effects of this plants may be due to its main compounds
including thymol and carvacrol (23). Significant antioxidant activity of the Z. multiflora is shown in the previous studies (17, 24, 25). To the best of our
knowledge, the results of previous clinical trials conducted to assess the effect of zataria multiflora are inconsistent and controversial and there is no meta-
analysis available that evaluates these results to achieve a consistent and reliable conclusion. So, this systematic review and meta-analysis aims to review the
available randomized controlled trials (RCTs) to assess the effects of zataria multiflora on respiratory symptoms, pulmonary function, and oxidative stress
parameters.

Materials and Methods

This systematic review was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). The protocol was
registered in PROSPERO (number: CRD42022374477).

Search strategy and study selection
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We conducted a systematic review by searching the PubMed, Scopus, EMBASE, Cochrane Central for Randomized Clinical Trials and Web of Science
databases up to October 2022. The following keywords were used for identifying studies on zataria multiflora, pulmonary functions, respiratory symptoms,
and oxidative stress: ("zataria multiflora" OR "Z. multiflora" OR "Z. multiflora Boiss" OR "zataria multiflora Boiss" OR "zataria bracteata Boiss" OR "avishan-e-
shirazi" OR "shirazi thyme") AND (wheeze OR wheezing OR "chest wheeze" OR cough OR coughing OR respiratory OR "respiratory symptoms" OR breath OR
pulmonary OR "pulmonary symptoms" OR lung OR "lung symptoms" OR "respiratory assessment" OR "pulmonary function" OR "pulmonary function test" OR
"lung function" OR "lung function test" OR "spirometry" OR "total lung capacity" OR "vital capacity" OR "forced expiratory volume" OR "forced vital capacity" OR
"maximal voluntary ventilation" OR "diffusing capacity for carbon monoxide" OR "transfer factor of the lung for carbon monoxide" OR "forced oscillation
technique" OR "maximal inspiratory pressure" OR "maximal expiratory pressure" OR "maximum mid-expiratory flow" OR "maximal expiratory flow" OR "peak
expiratory flow" OR "TLC" OR "VC" OR "FVC" OR "FEV" OR "DLCO" OR "TLCO" OR "MIP" OR "MEP" OR "MVV" OR "MMEF" OR "MEF" OR "PEF" OR "oxidative stress"
OR malondialdehyde OR MDA OR thiol OR "superoxide dismutase" OR SOD OR catalase OR CAT OR nitrite OR oxidant OR antioxidant). We had no language,
time, and location restrictions for identified studies. The reference lists of relevant reviews were manually screened by two independent reviewers (FA, MM) to
find other eligible articles.

Eligibility criteria
Eligibility criteria are based on the PICOS approach: Population (P): Adults, Intervention (I): zataria multiflora, Comparison (C): placebo or no intervention,
Outcome (0): pulmonary functions, respiratory symptoms, and oxidative stress (S): randomized controlled trial (RCT). Published studies were excluded with

the following criteria: (1) animal or in vitro studies, (2) duplicate or overlapping data, (3) cross sectional, case reports, and case series studies (4) articles
without available full text

Data extraction

Data extraction form was designed and completed for collecting the information of studies by two independent reviewers (FA, MM). Extracted data included:
the first author's name, year of publication, country, study design, total sample size, intervention dose, characteristics of participants, duration of
supplementation, study quality, and outcomes.

Risk of bias assessment

We evaluated the quality of each eligible study based on Cochrane Risk Assessment Tool selection bias with the following seven domains: random sequence
generation (selection bias), allocation concealment (selection bias), blinding of participants and assessors (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), and other bias. Each item was categorized as low,
high, or an unclear risk of bias.

Statistical analysis

We extracted all data in Mean + SD format and converted other formats to SD if necessary. For evaluating the effects of zataria multiflora on respiratory
symptoms, pulmonary functions, and oxidative stress parameters, weighted mean difference (MD) and 95% confidence interval (Cl) were applied. All
statistical analyses were performed using STATA (version 15). Heterogeneity was assessed using the / statistic, if /2 was less than 50%, we used a fixed
effects model, and a random effects model was applied for # more than 50%. Pvalue < 0.05 was considered as statistically significant for our systematic
review.

Results
Study selection

The search strategy and screening for identifying eligible studies was shown in Fig. 1. Initially, 673 publications were identified through searching over
databases. In the first screening phase, 245 articles were excluded after titles and abstracts screening due to being duplicates. Then, irrelevant articles to this
meta-analysis (n = 410) were excluded. Following this, full texts of 18 potentially relevant articles were reviewed. Finally, 9 articles that met the eligibility
criteria were included (26-34).

Characteristics of the studies

Table 1 outlined the general characteristics of included studies. All studies were conducted in Iran. Seven studies used the Zataria multiflora (Z. multiflora)
extract (26-32), one study used Z. multiflora syrup (33), and one study used Z. multiflora supplement (34). We analysis the effect of Z. multiflora on many
outcomes, respiratory symptoms like cough, day wheezing, night wheezing and chest wheezing, pulmonary functions such as forced expiratory volume (FEV),
forced vital capacity (FVC), maximal mid-expiratory flow (MMEF) and peak expiratory flow (PEF), and oxidative stress parameters including malondialdehyde
(MDA), nitrite, thiol, superoxide dismutase (SOD), and catalase (CAT).
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Table 1

Main characteristics of the included studies.

Author, year
(ref)

Ghorani et
al.

2022
(45)

Khazdair et
al.

2020
(46)

Alavinezhad
etal.

2022
(44)

Alavinezhad
etal.

2017
(29)

Alavinezhad
etal.

2020
(30)

Ghorani et
al.

2020
@1

Khazdair et
al.

2018
(47)

Khazdair et
al.

2019
(48)

Ghanbari-
Niaki et al.

2018
(49)

Ghanbari-
Niaki et al.

2018
(49)

Health

condition

chronic
obstructive
pulmonary
diseases

sulfur mustard
exposed
veterans

asthmatic
patients

asthmatic
patients

asthmatic
patients

Chronic
obstructive
pulmonary
disease

veterans

sulfur mustard

exposed patients

Postmenopausal

Postmenopausal

Duration

(week)

Participants,
(n)

41( )
Int:28
Cnt:13

34()
Int:22
Cnt:12

36( )
Int:24
Cnt:12

40( )
Int:20
Cnt:10

36( )
Int:24
Cnt:12

42( )
Int:29
Cnt:13

35()
Int:22
Cnt:13

34()
Int:22
Cnt:12

48()
Int:12
Cnt:12

48()
Int:12
Cnt:12

Intervention

type

Z. multiflora
extract

Z. multiflora
extract

Z. multiflora
extract

Z. multiflora
extract

Z. multiflora
extract

Z. multiflora
extract

Z. multiflora
extract

Z. multiflora
syrup

Z. multiflora
supplement

circuit resistance
training program
and Z. multiflora
supplementation

Z.
multiflora
Dose, Unit

3and 6

mg/kg/day

5and 10
mg/kg/day

5and 10
mg/kg/day

5and 10
mg/kg/day

5and 10
mg/kg/day

3and6

mg/kg/day

5and 10

mg/kg/day

5and 10
mg/kg/day

500
mg/day

500
mg/day

Age range, years

Mean + SD

Intervention

54.69 +
5.06

4533+
4.22

45.35%
6.44

N
=
I+

N w

56.73 ¢
12.79

5475+
2.81

5545+
3.68

54439

53.8+6

Control

54.69
+4.13

54.40
+5.51

47.75
+2.78

536+
14.91

53.30
+5.01

54.10
+4.01

56.5+

BMI, kg/m2
Mean = SD
Intervention

24.83
1.58

2599+

1.35

NM

NM

NM

26.34+

0.94

NM

256+22

27.6+2.7

Control

28.05
+1.7

25.87

+1.19

NM

NM

NM

26.87
+0.99

NM

279+

Main
outcc

Coug
FEV, t
PEF

Coug
Night
whee
Ches
whee
FEV

Day
whee
FVC,
MME
PEF

Day
whee
FEV,
nitrite

Coug
Night
whee
Ches
whee
FEV

SOD,
MDA,
Thiol
CAT,

nitrite

Ches
whee
FEV,

MME
SOD,
MDA,
Thiol
CAT,

nitrite

FVC,
MDA,
Thiol

MME

MDA

MDA

Effects of Zataria multiflora on respiratory symptoms
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Three studies, including 74 intervention and 27 control participants, evaluated the effect of Z. multiflora on the cough (26, 27, 30), two studies, including 44
intervention and 22 control participants evaluated the effect of Z. multiflora on the day wheezing (28, 29), two studies, including 46 intervention and 24 control
participants evaluated the effect of Z. multiflora on the nigh wheezing (27, 30), and three studies, including 75 intervention and 37 control participants
evaluated the effect of Z. multiflora on the chest wheezing (27, 30, 31). According to the meta-analysis (Table 2), Z. multiflora had a significant effect on
cough (WMD: -0.99; 95% Cl: -1.66, -0.33; P = 0.003), day wheezing (WMD: -1.18; 95% Cl: -1.44, -0.92; P = 0.000), night wheezing (WMD: -0.74; 95% Cl: -1.09,
-0.37; P=0.0001) and chest wheezing (WMD: -1.15; 95% CI: -1.65, -0.64; P = 0.000) compared to the control group (Fig. 2). As there was a high level of
heterogeneity between studies for cough and chest wheezing (12 =74.67; P=0.019 and 12 = 86.86; P = 0.0005 respectively), a random-effects model was used
to analyze this outcome. We performed sensitivity analysis in each meta-analysis for respiratory symptoms variables and found no single study could
significantly affect the pooled results, indicating a high stability of our analysis.

Table 2
Overall estimates of meta-analysis for the effect of Zataria multiflora on respiratory symptoms, pulmonary functions, and oxidative stress parameters
Outcome variables Reference WMD (95% Cl) P | Assessment of Pooling Method Publication bias
value
heterogeneity
2 (%) Q-statistic P Egger test P Begg's test P
value value value
Respiratory symptoms
Cough (30, 45, 46) -0.99 (-1.66,-0.33) 0.003 74.67 0.01 Random-effect 0.96 1.00
model
Day wheezing (29, 44) -1.18 (-1.44,-0.92) 0.000 0.00 0.79 Fixed-effect NA NA
model
Night wheezing (30, 46) -0.74 (-1.09,-0.37) 0.0001 0.00 0.92 Fixed-effect NA NA
model
Chest wheezing (30, 31, 46) -1.15 (-1.65,-0.64) 0.000 86.86  0.0005 Random-effect 0.74 1.00
model
Pulmonary functions
FEV (29-31, 45, 11.38 (7.40,15.35) 0.000 10.27 0.35 Fixed-effect 0.60 0.81
46) model
FvC (44, 45, 47) 16.01 (12.26, 0.000 0.00 0.46 Fixed-effect 0.21 1.00
19.75) model
MMEF (31, 44, 48) 9.41 (3.47,15.36) 0.0079 0.00 0.40 Fixed-effect 0.73 1.00
model
PEF (44, 45, 47) 8.78 (4.13,13.43) 0.0002 25.78 0.26 Fixed-effect 0.50 1.00
model
Oxidative stress
parameters
MDA (30, 31, 47, -1.28 (-1.97,-0.59) 0.0002 94.73 0.000 Random-effect 0.000 0.08
49) model
SOD (30, 31) 0.12 (-0.43,0.67) 0.66 61.73  0.11 Random-effect NA NA
model
Thiol (30, 31, 47) SMD: 0.942 (-0.16, 0.093 85.76  0.0009 Random-effect 0.0002 0.29
2.04) model
CAT (30,31) 0.97 (0.46, 1.46) 0.0001 33.76 0.22 Fixed-effect NA NA
model
Nitrite (29-31) -1.9 (-12.21,8.39) 0.71 96.13  0.000 Random-effect 0.74 1.00
model
NA, not applicable
12 index = 50% indicates moderate-to-high heterogeneity

Effects of Zataria multiflora on pulmonary functions

All pulmonary function outcomes were examined using a fixed-effects model due to low heterogeneity. Heterogeneity values for each variable are shown in
Table 2. The pooled results showed Z. multiflora significantly improved FEV (WMD: 11.38; 95% ClI: 7.40, 15.35; P =0.000), FVC (WMD: 16.01; 95% CI: 12.26,
19.75; P =0.000), MMEF (WMD: 9.41; 95% Cl: 3.47, 15.36; P =0.0019), and PEF (WMD: 8.78;95% Cl: 4.13, 13.43; P = 0.0002) (Fig. 3). Sensitivity analysis was
performed for all variables, after this analysis for MMEF we found removing Alavinezhad’s study (28), changes the significance of this relationship MMEF
(WMD: 7.09; 95% CI: -0.02, 14.22; P = 0.05); about other variables sensitivity analysis did not show further results. Meta-regression found a direct association
between age with change FEV following consumption of Z. multiflora (Table 3). As shown in Fig. 6, meta-regression bubble plot showing the effect of Z.
multiflora decreases with increasing age.
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Table 3
Meta-regression for the effect of Age

Variable N Coefficient SE P-value
Cough 3 -0.05 0.099 0.61
Chest wheezing 3 0.032 0.072 0.65
FEV 5 -0.87 0.42 0.04
FvC 3 -0.28 0.47 0.55
MMEF 3 -0.87 0.72 0.23
PEF 3 -0.85 0.68 0.21
MDA 5 0.16 0.09 0.08
Thiol 3 -0.023 0.19 0.90
Nitrite 3 -1.20 0.87 0.17
FEV: forced expiratory volume, FVC: forced vital capacity, MMEF: maximum mid-expiratory flow, PEF: peak expiratory flow, MDA: malondialdehyde

Effects of Zataria multiflora on oxidative stress parameters

The overall effect of Z. multiflora on oxidative stress parameters are presented in Table 2. One clinical trial had a two-arm with a different dose of Z. multiflora
(34). We considered each arm as a separate study. The results of the random-effects analysis on five included trials (30-32, 34) showed that Z. multiflora
significantly reduced MDA levels (WMD: -1.28; 95% Cl: -1.97,-0.59; P = 0.0002). The meta-analysis of included trials showed that Z. multiflora did not have any
significant effect on SOD (WMD: 0.12; 95% Cl: -0.43, 0.67; P = 0.66), Thiol (SMD: 0.942; 95% ClI: -0.16, 2.04; P = 0.093) and nitrite levels (WMD: -1.9; 95% CI:
-12.21,8.39; P=0.71) (Fig. 4). Due to obvious heterogeneity (Table 2), a random-effects model was used to examine these outcomes. Our sensitivity analysis
results regarding Thiol indicate that the study reported by Ghorani et al. (31) significantly affected the pooled effect, so we removed this study and the results
obtained reveal a significant effect of Z. multiflora on Thiol (SMD: 1.43;95% Cl: 0.40, 2.45; P = 0.006). Two included trials assessed the effect of Z. multiflora
on CAT levels by using the fixed-effects model. The pooled effect size indicated that Z. multiflora significantly increased CAT levels (WMD: 0.97; 95% Cl: 0.46,
1.46; P =0.0001).

Publication bias

We tested for the presence of publication bias using several methods, and a summary of publication bias analyses is provided in Table 2. The funnel plot is
based on the fact that precision in estimating the underlying treatment effect will increase as the sample size of component studies increases. Funnel plot
(Fig. 5) suggested a certain degree of asymmetry of the data distribution, and presence of publication bias and an overestimation of the overall effect size of
Z. multiflora in MDA and thiol levels. Also, such visual impression was confirmed by the Egger’s test (Egger’s, P = 0.000, P = 0.0002; for MDA and Thiol,
respectively) but was not confirmed by the Begg&#39;s rank correlation analysis (Begg’s, P = 0.08, P = 0.29; for MDA and Thiol, respectively). Using the trim
and fill analyses the intervention effect is adjusted for possible missing studies (filled orange dots) amongst published data (filled dark dots) (Fig. 5). The ‘trim
and fill' method applied to the funnel plot imputed 2 missing studies for MDA and 2 missing studies for thiol, and the resulting adjusted estimate of the overall
effect size was WMD: -0.40; 95% Cl: -1.17, 0.36 for MDA, and SMD: 0.00; 95% Cl: -1.25, 1.25 for thiol.

Discussion

In the current systematic review and meta-analysis, we summarized available data from 9 RCTs which evaluated the effect of Z. multiflora on respiratory
symptoms, pulmonary functions, and oxidative stress parameters. The main result of this study was that Z. multiflora had a significant effect on cough (P =
0.003), day wheezing (P = 0.000), night wheezing (P = 0.0001) and chest wheezing (P = 0.000) compared to the control group. Also, Z. multiflora significantly
improved FEV (P = 0.000), FVC (P = 0.000), MMEF (P =0.0019), and PEF (P = 0.0002). About the effect of Z. multiflora on oxidative stress parameters, our
finding showed that Z. multiflora significantly reduced MDA levels (P = 0.0002). But this effect was not significant on SOD (P = 0.66), Thiol (P = 0.093) and
nitrite levels (P = 0.71). In contrast with another oxidative stress parameters, Z. multiflora significantly increased CAT levels (P = 0.0001). Finally, meta-
regression analysis showed a negative marginally significant association between age and FEV (P = 0.04). But this result was not significant for other
variables. To the best of our knowledge, this is the first meta-analysis that examined the effect of Z. multiflora on respiratory symptoms, pulmonary functions,
and oxidative stress parameters.

Different mechanisms of the relaxant effects of Z. multiflora extracts on tracheal smooth muscle including: antagonistic effect on histamine H1 receptors
(20), and muscarinic (35) and also stimulatory effect on B-adrenoceptors (36) were examined. The preventing effect of Z. multiflora extract on voltage
dependent calcium channels in ileum smooth muscle was also revealed (37). Furthermore, the effect of Z. multiflora on symptoms and FEV1 can lead to
improveming the quality of life. Z. multiflora have antioxidant function through direct and indirect pathways (38, 39). In addition, administration of Z.
multiflora decreased different markers of inflammatory activity in healthy subjects (40). Z. multiflora reduced gene expression of inflammatory cytokines
including TGF-B, IL-4, and IL-17 while raised gene expression of IFN-y and FOXP3 as anti-inflammatory cytokines (41, 42). The suppressive effect of Z.
multiflora extract on angiogenesis and migration on human umbilical vein endothelial cells (HUVECs) was also identified (42). Also, cancer cell metastasis
was inhibited through a decline in matrix metalloproteinases-2 (MMP) and VEGFA expression in the HeLa cells (43).
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In line with our finding, forty-seven veterans allocated to three groups included: placebo group (P) and two groups treated with 5 and 10 mg/kg/day of Z.
multiflora (Zat 5 and Zat 10) (32). FVC and PEF values were significant increase in Zat 5 and 10 mg/kg treated groups in step | and Il compared to step 0.
Also, the level of malondialdehyde (MDA) significantly decreased in two treatment groups compared to Step 0. We indicated that Z. multiflora did not have any
significant effect on SOD, Thiol and nitrite levels. But in mentioned study the levels of thiol, superoxide dismutase (SOD) and catalase (CAT) in Zat 5 and 10
mg/kg treated groups in step | and Il were significantly increased. This difference in the results can be attributed to the small sample size and the difference in
laboratory kits and methods. As in our study, Ghorani et al. (31), showed that after 2 months breathlessness and chest wheeze in treated (Z. multiflora) groups
were improved. In addition, MDA levels were significantly decreased while catalase activities were increased. But the results of the effect of Z. multiflora on
SOD, nitrate and thiol were different from our findings. Another studies indicated that Z. multiflora significantly improved pulmonary function including MMEF
(33), FEV (27). Due to the controversy in the results, this meta-analysis study was conducted in order to summarize the obtained results.

Our study had several strengths. First, this is the first study summarizing the effect of Z. multiflora on respiratory symptoms, pulmonary functions, and
oxidative stress parameters. Second, we performed sensitivity analysis and we found after this analysis for MMEF, removing Alavinezhad’s study (44),
changes the significance of this relationship MMEF (WMD: 7.09; 95% ClI: -0.02, 14.22; P = 0.05). Also, Our sensitivity analysis results regarding Thiol indicate
that the study reported by Ghorani et al.(31) significantly affected the pooled effect (SMD: 1.43; 95% ClI: 0.40, 2.45; P = 0.006). However, some limitations need
to be considered when interpreting our results. Most included had few participants and the total number of included studies was low. Also, the amount of
heterogeneity was remarkable in studies on oxidative stress parameters, cough and chest wheezing.

Conclusion

The present meta-analysis showed that the consumption of Zataria multiflora signifcantly reduced cough, day wheezing, night wheezing and chest wheezing
compared to the control group. Also, Zataria multiflora might be beneficial in improving FEV, FVC, MMEF, and PEF. Except MDA, the result of this study
indicated that Zataria multiflora did not have any significant effect on oxidative stress parameters.
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PRISMA Flow diagram of the study selection process
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Figure 2

Forest plot detailing weighted mean difference and 95% confidence intervals (Cls) for the effect of Zataria multiflora on respiratory symptoms, (A) Cough, (B)

Day wheezing, (C) Night wheezing, (D) Chest wheezing
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Figure 3

Forest plot detailing weighted mean difference and 95% confidence intervals (Cls) for the effect of Zataria multiflora on pulmonary functions, (A) FEV, (B) FVC,
(C) MMEF, (D) PEF
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Figure 4

Forest plot detailing weighted mean difference and 95% confidence intervals (Cls) for the effect of Zataria multiflora on Oxidative stress parameters (A) MDA,
(B) SOD, (C) Thiol, (D) CAT (E) Nitrite

MDA: malondialdehyde, SOD: superoxide dismutase, CAT: catalase
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Meta-regression bubble plot of the correlation between the age and FEV
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