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Effect of Caffeine on Coughing in Children Aged 3-36 
Months: A Randomized Clinical Trial
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Aims Coughing is one of the most common clinical complaints in pediatric medicine. Since 
caffeine, as a central nervous system stimulant from methylxanthine, inhibits tumor necrosis 
factor-alpha (TNFα) and leukotriene synthesis and reduces inflammation and initiates the 
immune process, the aim of this study was to determine the effect of caffeine on on coughing 
in children aged 3-36 months.
Materials and Methods In this randomized clinical trial study in 2015, among children 
referred to the Shahid Mofateh Pediatric Clinic of Yasuj, 120 children aged 3-36 months 
with bronchiolitis coughing, lower respiratory viral disease, increased airway sensitivity, 
or moderate persistent asthma were selected by available sampling method. They were 
assigned in intervention (reciving salbutamol and caffeine) and control (reciving salbutamol 
alone) groups by quadratic block randomization. In addition to completing demographic 
information at the beginning of the study, data on daily and nocturnal cough at the beginning 
of the study, 48 hours, 1 week, and 2 weeks after starting the drug were recorded. The data 
were analyzed by SPSS 21 software, using Mann-Whitney test, Chi-square or Fisher’s exact 
test, generalized estimating equation, Friedman, and Wilcoxon statistical tests.
Findings Daily cough and nocturnal cough significantly decreased in the intervention group 
at 48 hours, 1 and 2 weeks after beginning the treatment (p<0.05).
Conclusion Prescription of caffeine with salbutamol is effective in accelerating improvement 
of cough in children.
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Introduction Coughing in children is one of the major issues in pediatric medicine, which can be due to gastro-ovarian reflux, aspiration of a substance, contact with allergens in allergic children and viral diseases of the lower respiratory system [1]. The respiratory sensory viral (RSV) virus is a RNA virus of the Paramyxoviridae family and the Pneumoviridae subfamily, which can cause a wide range of clinical symptoms from a mild respiratory infection to severe bronchiolitis and pneumonia [2, 3]. The virus is the most common cause of lower respiratory infection in children younger than one year, and approximately 1-3% of these patients need hospitalization [4, 5]. The infants with preterm birth, and those with chronic pulmonary diseases due to pre-maturity, congenital heart disease, cystic fibrosis, immunodeficiency diseases and Down syndrome are more at risk for severe RSV infection [6, 7]. After an acute bronchiolitis, 75% of children develop recurrent symptoms of lower respiratory tract infection.  In a large group, the symptoms, such as cough disappear until the school age, but bronchioles disorder can be diagnosed at least until the age of 13 [8, 9]. In the bronchiolitis of bronchioles, the lungs are inflamed and full of debris (dead cells), which causes narrowing of the airways and prevents the air from passing through, resulting in severe coughing and short respiration by reducing the oxygen saturation [10-12]. For this reason,  Bronchodilator, such as salbutamol, aminophylline and theophylline (methylhexanthines), are prescribed to relax the muscles of the  bronchus and dilated  bronchus [13], which the outcome is not predictable without considering the underlying reason [14]. In addition to the mentioned drugs, anti-inflammatory drugs can also affect the airway inflammation and the duration of symptoms of bronchiolitis. It has been reported that 4 h after oral administration of high doses of dexamethasone, respiratory symptoms in infants have been improved [15]. Caffeine is a central nervous system stimulant from Methylxanthines with a serum toxicity level greater than 50 mg/L, which in addition to reducing physical fatigue and increasing concentration inhibits alpha-free tumor necrosis factor (TNFα) and leukotriententase and reduces inflammation and initiates immunity. Its effects last approximately one hour after consumption, and its median dose decreases in the body after 3 to 4 h. The half-life of caffeine is between 3 and 7 h, which is metabolized in the liver by cytochrome p450 oxidase enzyme, and each of its metabolites is excreted by the urine [16].  Despite the above theoretical considerations, for the therapeutic use of caffeine in this study, it is 

essential to provide evidences indicating the benefits of this intervention compared with the related side effects and also no disadvantage of the combination of caffeine and medications used for cough in order to avoid the conventional treatments in children. The role of caffeine available in tea, coffee, and cola drinks is known to regulate sleep and respiration, and to improve nocturnal asthma coughing and spirometric status [17].  In addition, in pediatric medicine, caffeine is used to treat apnea of prematurity, because theophylline it effective as caffeine with less side effects [18]. Also, in studies that examined the effect of salbutamol and caffeine intake on blood lactate, growth hormone and plasma insulin levels, no side effects of salbutamol and caffeine have not been reported, suggesting that the use of these two drugs is not accompanied by an absolute prohibition [19]. All these considerations into account, and since in the few studies conducted on the therapeutic effects of caffeine in caffeinated drinks,  further studies are needed to obtain further evidence of caffeine's therapeutic efficacy [17, 20].  On the other hand, previous studies examined the effectiveness of drugs, such as dextromethorphan and herbal compounds, like thyme extract, honey, and others on coughing with contradictory results [21, 22]; the present study was conducted to determine the effect of caffeine on coughing in children aged 3-36 months.  
Material and methods This randomized clinical trial was done on children referred to the Shahid Mofateh Pediatric Clinic of Yasuj, Iran in 2015 and was approved by the Research Ethics Committee (Ethics code IR.YUMS.REC.1394.172) and registered at Iranian registry of clinical trials (IRCT2016041727444N1). At the beginning of the study, using the results of Abbasi et al. [23] and considering the alpha value of 0.05 (95% confidence level), beta of 20% (80% test power) and the effect size of 0.25 between the ratios of the two groups and also 15% probability of falling, the sample size was estimated 68 subjects in each group and 136 subjects overall. Then, through the random allocation of the quadruple block, a number from one to 136 was assigned to one of the intervention or control groups and a random block allocation list was determined. The researcher responsible for collecting the data, referred to the considered clinic in Yasuj, Iran and using available sampling method selected the patient with inclusion criteria, including the age of 3 to 36 months, coughing due to bronchiolitis, viral diseases of the lower respiratory tract, increased airway sensitivity or mild steady asthma, and the ability to eat drugs. Their demographic and field characteristics were recorded in a research checklist 
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and were given to a pediatrician. After examination of each child and recording the information about the daily and nocturnal cough and also the results of physical examination according to the exclusion criteria, including dyspnea, inadequate respiratory rate with age, nasal flutter, severe chest tightness, abnormal movements of the chest and abdomen while inhalation, pneumonia, immunodeficiency, seizure, cardiovascular diseases and digestive disorders were recorded in the checklist by the physician, their families re-returned to the researcher responsible for collecting the data.  He excluded the children who had the exclusion criteria by checking out the checklists completed by the pediatrician and only explained for their families how to care their children to improve their condition for 5 min. The researcher made the families of the children who met the inclusion and exclusion criteria and were selected as the subjects about the research objectives and methods and also the benefits and side effects of the drugs used in the study. After answering their questions and ambiguities, they found that their child is randomly assigned to one of the intervention or control groups and were provided with the written informed consent. After completing the informed written consent form by the legal guardians of each child, a number was assigned to each child according to the time of referral and observance of the priority of entry, which was matched with a block random allocation list and they were allocated to the intervention or control group. Children in the control group received salbutamol, while children in the intervention group, in addition to salbutamol for 5 days, received caffeine 10 mg/kg body weight daily [18] in two divided doses in the morning and evening. All children participating in the study were re-examined by a pediatrician 48 h, one week and two weeks after taking medications and their daily and nocturnal cough rates were recorded in the research checklist. During the data collection, 16 children were excluded from the study; in the control group, 2 patients due to the absence in follow-up, 3 patients as diagnosed with pneumonia and 3 patients as diagnosed with moderate persistent asthma; in the intervention group, 1 patients due to the absence in follow-up, 3 patients due to stop in intervention because of nausea and vomiting as the side effects of caffeine and also 4 patients due to drug use at a dose less than the prescribed dose or no drug intake at the specified time were excluded from the study. Therefore, the data collected for 120 children in each group (60 in each group) were analyzed. In this triple-blind study, the number of each child in the randomized block allocation, which indicated that he belonged to the intervention or control group and except for the researcher responsible for 

data collection, no one else was not informed was recorded as an identification code on research checklist. The pediatrician was not informed that the child is belonged to the intervention or control group, had no access to the information recorded in the previous stages and according to the research protocol, in each follow-up, without questioning with the patient’s companion about prescription drugs, only to examine the recovery process and record the daily and nocturnal cough of the patient. At the end of each session, he transferred the completed research checklist to the researcher who collected the data. Also the pharmacist cooperating with the research team was unaware of the results of basic examinations of children, and did not have any relationship with them after delivering the drugs to the children’s parents. The statistician was also blind to the code assigned to intervention and control groups until the end of the analysis. In this research, all ethical considerations, such as obtaining the informed consent of the legal authorities of the samples and making them sure about the possibility of withdrawal from the study for those who are not willing to continue to participate in the study, the confidentiality of all collected information and their use in general and for study objectives, no changes in the drugs used, no deprivation of patient's from standard treatment and care and no imposed additional costs to contributors to the research and insurance organizations were observed. Data analysis was performed using SPSS 21 software at 95% confidence level. At the baseline, the Mann-Whitney U test was used to compare the quantitative variables, including age and the number of family members, which showed no normal distribution. Comparison of frequency distribution of the background and dependent qualitative variables between the studied groups at the baseline was performed using Chi-square test or Fisher's exact test. To compare the difference in daily and nocturnal cough 48 h, one week and two weeks after the intervention between the intervention and control groups (intergroup comparison),  Generalized Estimation Equations (GEE) were used. Comparison of the difference between the above dependent variables at the baseline, 48 h, one week and two weeks after the interventions was done using Friedman and Wilcoxon statistical tests, according to the studied groups (intra-group comparison).  
Findings The mean age of children was 13.3±8.8 months and mean family members of them was 3.8±0.8.  The mean age in the control and intervention groups was 13.2±8.7 and 13.4±9.1 months and the mean family members in the control and intervention groups was 3.9±0.8 and 3.8±0.8 people, respectively, which there was no significant difference between two 
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groups (p>0.05). There were no significant differences between the intervention and control groups at the baseline in terms of background and demographic qualitative variables and daily and nocturnal cough rates (p<0.05, Tables 1 and 2).  
Table 1) Comparison of the absolute and relative distributions of qualitative demographic and background variables in the children in the interventional group (60 subjects) and control (60 subjects) at baseline (numbers in parentheses are percentages) 

Variables Intervention 
group 

Control 
group P value 

Gender  Male   29 (48.3) 27 (45.0) 0.71 Female  31 (51.7) 33 (55.0) 
Family monthly 
income, Million 
Toman    < 1 21 (35.0) 27 (45.0) 0.58 1-3 36 (60.0) 31 (51.7) >3 3 (5.0) 2 (3.3) 
History of disease Family history of asthma 5 (8.3) 7 (11.7) 0.54 Family history of food allergy 5 (8.3) 6 (10.0) 0.75 Family history of contact dermatitis 2 (3.3) 0 0.15 Family history of inhalation allergy 26 (43.3) 21 (35.0) 0.35 History of exposure to smoking 17 (28.3) 16 (26.7) 0.84 History of atopic dermatitis 5 (8.3) 7 (11.7) 0.54 History of allergic rhinitis 11 (18.3) 13 (21.7) 0.65 Food allergy 7 (11.7) 5 (8.3) 0.54  

Table 2) The absolute and relative distributions of daily and nocturnal cough rates in the children in the interventional group (60 subjects) and control (60 subjects) at the baseline (numbers in parentheses are percentages) 
Coughing rate Intervention 

group 
Control 
group P value 

Daily cough None  0 0 0.38 Less than two days a week 3 (5.0) 0  More than two days a week, but not every day 9 (15.0) 9 (15.0)  Every day  39 (65.0) 41 (68.3) Frequently during the day 9 (15.0) 10 (16.7)  
Nocturnal cough None 10 (16.7) 4 (6.7) 0.75 One to two times a month 4 (6.7) 10 (16.7)  Three to four times a month 31 (51.6) 33 (55.0)  More than once a week 15 (25.0) 13 (21.6)  

48 h, one week and two weeks after interventions, the daily cough and nocturnal cough of the intervention group decreased significantly compared with the control group (p<0.05; tables 3 and 4).  
Table 3) The absolute and relative distribution and intergroup comparison of the children's daily cough rates according to the time (numbers in parentheses are percentages) 
Daily cough rates Interventi

on group 
Control 
group P value 

48 hours after research 
interventions    None  9 (15.0) 0 0.1 Less than two days a week 2 (3.3) 0 More than two days a week, but not every day 22 (36.7) 21 (35.0)  Every day 25 (41.7) 37 (61.7) Frequently during the day 2 (3.3) 2 (3.3) 
A week after research 
interventions    None  35 (58.3) 2 (3.3) 0.0001 Less than two days a week 7 (11.7) 2 (3.3) More than two days a week, but not every day 14 (23.3) 50 (83.4)  Every day 4 (6.7) 6 (10.0) Frequently during the day 0 0 
Two weeks after 
research interventions    None  50 (83.3) 37 (61.6) 0.3 Less than two days a week 4 (6.7) 10 (16.7) More than two days a week, but not every day 6 (10.0) 13 (21.7)  Every day 0 0 Frequently during the day 0 0  

Table 3) The absolute and relative distribution and intergroup comparison of the children's nocturnal cough rates according to the time (numbers in parentheses are percentages) 
Nocturnal cough rates 

Interven
tion 

group 

Control 
group P value 

48 hours after research 
interventions    None  17 (28.3) 4 (6.7) 0.001 One to two times a month 25 (41.7) 23 (38.3) Three to four times a month 12 (20.0) 29 (48.3) More than once a week 6 (10.0) 4 (6.7) 
A week after research 
interventions    None  41 (68.3) 11 (18.3) 0.0001 One to two times a month 15 (25.0) 35 (58.3) Three to four times a month 4 (6.7) 14 (23.4) More than once a week 0 0 
Two weeks after research 
interventions    None  54 (90.0) 28 (46.7) 0.0001 One to two times a month 6 (10.0) 31 (51.6) Three to four times a month 0 1 (1.7) More than once a week 0 0   In intragroup comparison, there was a significant difference between the cough rates of children at 
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four studied times in the intervention and control group (p<0.05). Comparing the one and two weeks after the interventions with baseline, the cough rate was almost the same in the studied groups, however, the number of children whose cough rates dropped 48 h after intervention was significantly greater in the intervention group than in the control group, and administration of caffeine plus salbutamol reduced the rate of cough in children in a shorter time.  
Discussion The findings of this study showed that 48 h, 1 week and 2 weeks after the intervention, the daily and nocturnal cough rates in the intervention group decreased significantly compared with the control group. Therefore, it can be concluded that caffeine has been able to cause differences between the intervention group and the control group and decreased the daily and nocturnal cough rates 48 h, 1 week and 2 weeks after the intervention in subjects. The results of the intra-group comparison of the daily and nocturnal cough rates of children indicate that, although one week and two weeks after the research interventions compared with the baseline, the decrease in daily and nocturnal cough rates in the studied groups was almost the same, however, the number of children whose daily and nocturnal cough rates decreased within 48 h after interventions was significantly more in the intervention group than in the control group and simultaneous administration of caffeine and salbutamol resulted in a reduction in the daily and nocturnal cough rates of children. The findings of the present study on the changes in daily and nocturnal cough rates can be explained based on theoretical, rational and justifiable knowledge. Coughing is one of the most important defensive mechanisms in the upper airways to clean bronchi, trachea and larynx from mucus, discharge, or foreign material, which can be reflexive or voluntary. Through the day, due to the greater need to keep the airways to supply of needed oxygen based on the level of activity, daily cough is more likely, and although the increase in daily cough rates for an individual is unpleasant, nocturnal cough can also reduce the quality of sleep in a child [24]. Accordingly, since caffeine, in addition to its anti-inflammatory effect caused by inhibition of TNFα cytokine (alpha necrosis factor) and mediated by cyclic adenosine monophosphate/protein kinase A, and also the ability of stimulate respiratory center and increase the speed and depth of respiration, is associated with advantage, including dilated bronchus as well as facilitating muscle function and increasing the overall function of a muscle, in particular respiratory muscles [16-19], its positive effect in reducing daily and nocturnal cough can be 

explained by theoretical knowledge. The results of the studies by Welsh et al. [17], de Boer 
et al. [25] and Köroğlu et al. [26] also support the findings of the present study in a significant reduction in daily cough and nocturnal cough by caffeine as an independent variable. The effectiveness of caffeine on coughing in animal models has also been studied, including the study by Tolmacheva & Kireyev on the cough induced by citric acid 10% in the rat model. According to the results of these researchers, after caffeine use, positive therapeutic results have been found to reduce coughing attacks in 79% of animal samples [27]. In previous studies, there has been no significant difference in daily and nocturnal cough, and most studies reported the changes in cough rates in general. Accordingly, it can be claimed that studying variations in daily and nocturnal cough is one of the positive points of the present study. Another finding of the present study is that co-administration of salbutamol and caffeine shortens the time taken for improvement of daily and nocturnal cough in children.  One of the main benefits and importance of this finding is the fact that today one of the goals of health care systems is to treat it as soon as possible. The increased efficacy of combined drug regimens has been reported in numerous studies, such as Ahmadi et al. [28], Ranjbar 
et al. [29], Roohi Broujeni et al. [30] and Raeessi et al. [31]. Despite positive effects, this study also had some limitations that might affect the results of the study. Some of these limitations are as follows: the possible use of some supportive interventions, such as fumigation, warming and moisturizing the place patient is living, herbal remedies and traditional interventions, etc. by families, consuming food or drink containing caffeine by children during study, changes in weather conditions, temperature and humidity during the study period, as well as the use of disinfectants in the research that are usually misleading and stimulating and cause a different reaction in each individual. According to the results of this study and considering the probable confirmation of these results in other similar studies, the researchers suggest to study the effect of prescribing caffeine alone in future studies on cough in children. Also, due to the mechanism of caffeine effect, by co-administration of this drug with salbutamol, the efficacy in the treatment of wheeze is scientifically also expected, therefore, the researchers recommend that in subsequent studies, the effect of co-administration of caffeine with salbutamol, as well caffeine alone, on wheeze in children's should be investigated. All these considerations into account, as well as availability, affordability, cost-effectiveness, efficacy 
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rate, low side effects and positive effects of caffeine therapy in reducing daily and nocturnal cough coughing in children 3-36 months, the effectiveness of this combined therapy in the treatment of children with cough can be used.  
Conclusion Caffeine can reduces daily and nocturnal cough in children aged 3-36 months, and administration of caffeine plus salbutamol decreases daily and nocturnal cough of children in a shorter time.  
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