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ABSTRACT 
 
Bronchial asthma is a chronic lung disease that causes significant morbidity and poor quality of life. 
The incidence of asthma is higher in boys before puberty and higher in females following puberty. 
Female preponderance is maintained into adulthood and morbidity due to asthma is greater in females. 
With this background we assessed the lung function with spirometry parameters of young asthmatic and 
non-asthmatic healthy females during different phases of the menstrual cycle. A case control study was 
conducted among well controlled asthmatic (N=60) and comparable (age and BMI matched) non  
asthmatic healthy females (N=60) between 19 -25 years from June 2017- June 2020. The asthmatics 
were recruited from the asthma clinic, National Hospital of Sri Lanka, the Family Practice Centre and 
the medical Centre, University of Sri Jayewardenepura (USJ) while the non-asthmatic females 
(controls) were recruited from volunteering undergraduates of the university. Although ethnicity was 
not a criterion for recruitment of participants, the final recruited participants were all from the 
Sinhalese ethnicity. The sociodemographic data and the relevant information on asthma were obtained 
through an interviewer administered questionnaire. Forced Expiratory Volume in the first second 
(FEV1), Forced Vital Capacity (FVC), FEV1/FVC ratio, Peak Expiratory Flow Rate (PEFR) and Forced 
Expiratory Flow Rates, were measured during menstrual, follicular and luteal phases of the menstrual 
cycle. Spirometry parameters (means), were compared in asthmatics and non-asthmatics, with 
independent sample t-test. Analysis of variance (ANOVA) was used to analyze differences within the 
menstrual cycle within the groups. In all three phases, all spirometry parameters (except FVC) were 
lower in asthmatics (p<0.05). The spirometry parameters showed a cyclical pattern but did not change 
significantly between the three phases of the menstrual cycle in both groups. In asthmatics, the mean 
values of FEV1, FEV1/FVC%, FEF 25-75, FEF50, FEF75 were lowest in the menstrual phase and highest 
in the luteal phase and in non-asthmatics, the FEV1 was lowest in the menstrual phase and highest in 
the luteal phase.  
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1 INTRODUCTION 
Bronchial asthma is a chronic lung disease 
which causes significant morbidity and 
mortality worldwide (Global Initiative for 
Asthma 2021).  The population affected by 
bronchial asthma in different countries 
varies from 1-18% (Global Initiative for 
Asthma 2021). Asthma is a significant 
public health issue in Sri Lanka (Ministry 
of Health 2018) with more than 20% of 
children aged 13 to 14 living with 
symptoms of asthma and more than 7.5 % 
of them having severe disease (Lai et al. 
2009; Mallol et al. 2013). According to 
reports published in 2018, there were 811 
asthma related hospital admissions and 2.6 
deaths per 100,000 reporting a case fatality 
rate of 0.33 (572 deaths for 175,937 cases) 
(Ministry of Health 2018). Sri Lanka is 
ranked fourth among the countries with 
highest mortality from asthma (World 
health rankings, 2021). In 2019, asthma 
was reported as the fourth leading cause of 
death among all ages in Sri Lanka 
(Institute of Health Metrics and Evaluation 
2021). 
During childhood, the incidence of asthma 
is greater in boys. At puberty, the gender 
distribution of asthma changes with an 
increase in the ratio of females in 
comparison to males (Sears et al. 2003; 
Tollefsen et al. 2007). This difference is 
maintained into adulthood and morbidity 
due to asthma is more prevalent in females 
(Skobeloff 1992), with females 
experiencing increased emergency 
department visits, hospitalizations and 
death from asthma (Baibergenova et al. 
2006; Moreno et al. 2012; To et al. 2019).  
The reasons for the gender differences are 
not clear but have been linked to 
immunological and hormonal factors 

(Almqvist et al. 2008; Melgert 2007; Vink 
et al. 2010).  
In asthmatics, the reported spirometry 
parameters at different time points of the 
menstrual cycle are not uniform.  
Deterioration in lung function has been 
more frequently described in the pre or peri 
- menstrual phase (Arora et al. 2015; Kaur, 
N et al. 2019), which is described as pre- 
or perimenstrual asthma (PMA) (Vrieze et 
al. 2003). Nearly 30% of women with 
asthma, are thought to have worsening of 
symptoms of asthma just before 
menstruation (Pereira Vega et al. 2010, 
Vrieze et al. 2003). However, there are 
other studies that report worsening of lung 
functions closer to ovulation (Brenner et 
al. 2005; Wegienka et al. 2012) and during 
the luteal phase (Farha et al. 2009; 
Wegienka et al. 2012) while others report 
no significant changes (Nittner-
Marszalska et al. 2018). 
Similar to asthmatics, previous studies 
have assessed lung function parameters 
during the menstrual cycle of healthy 
females and the findings reported are not 
consistent. Lung function parameters have 
been reported to be highest in the luteal 
phase (Ameen et al. 2014; Bhirange and 
Jajulwar 2019; Goyal et al. 2017; 
Handergulle and Sommani 2018; Hebbar 
2013; Kaur, H et al. 2015; Kavitha and 
Chris 2017) while some have reported no 
significant variation during the menstrual 
cycle (Pauli et al. 1989; Timon et al. 2014). 
A disparity between spirometry 
parameters and respiratory symptoms 
during the menstrual cycle has also been 
reported (Pauli et al 1989). Most studies 
have assessed only Peak Expiratory Flow 
Rate (PEFR) using peak flow meters which 
largely reflect the large airways but not 
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small airways which are also affected in 
asthma. Further, assessment of PEFR by 
peak flow meter is known to greatly 
depend on the voluntary effort and 
muscular strength of the subject, which 
diminishes its reliability, hence considered 
to be not as reliable as spirometry. 
With this background, the current study 
was planned to assess the lung function 
parameters during different phases of the 
menstrual cycle in a cohort of asthmatics 
and in a comparable group of non-
asthmatics, with the aim of comparing the 
changes in lung function parameters more 
objectively (using spirometry). The current 
study was designed to address some of the 
shortcomings of previous published study 
designs as practically as possible, like 
increasing sample size, having a case 
control approach and sampling of 
parameters at three points in the menstrual 
cycle. 
 
2 RESEARCH METHODOLOGY / 
MATERIALS AND METHODS 
A case control study was conducted with 
well controlled female asthmatics (n=60) 
and non-asthmatic healthy females (n=60), 
aged between 19 - 25 years. The sample 
size for this study was determined by the 
equation used to calculate sample size for 
matched samples with continuous outcome 
with the goal of comparison between 
matched groups (Charan and Biswas 2013; 
Sullivan 2013) Only unmarried 
nulliparous females with regular menstrual 
cycles who were not on hormonal 
contraceptives were included in the study. 
The asthmatics were recruited from the 
asthma clinics of National Hospital of Sri 
Lanka (2), Medical Centre University of 
Sri Jayewardenepura (USJ) (54) and 

Family Practice Centre of USJ (4), while 
healthy volunteers were recruited among 
the undergraduates of USJ who served as 
the non-asthmatic control group. 
Diagnosis of asthma was confirmed by 
demonstration of a reversible obstructive 
defect by spirometry on females with a 
suggestive clinical history. Well-
controlled asthma was identified using 
Global Initiative of Asthma (GINA) 
criteria (Global Initiative for Asthma 
2016).   
Sociodemographic data and asthma related 
information were obtained using an 
interviewer administered questionnaire. 
The interviews were conducted in the 
English or Sinhala languages and those 
who could not speak either language were 
excluded.  At the interview, the menstrual 
history was also obtained, and 
appointments were made to assess the lung 
functions by spirometry, in all the recruited 
participants. The interviews, measurement 
of anthropometric parameters and 
spirometry were carried out by the 
principal investigator after obtaining 
informed consent from the recruited 
participants. The standing height was 
measured using a portable Stadiometer 
(Seca Stadiometer-213, Seca Ltd, 
Birmingham, UK) and recorded to the 
nearest centimeter. Participants were asked 
to stand with their backs straight, with the 
head held in the Frankfort horizontal plane 
and feet flat and arms hanging loosely by 
their sides. Body weight was measured to 
the nearest 0.1 kg using calibrated (digital 
flat) electronic weighing scale (Seca 770, 
Digital Scales, Seca Ltd, Birmingham, 
UK). 
Forced Expiratory Volume in the first 
second (FEV1) which is the volume of air 



 

exhaled in the first second during forced 
exhalation after maximal inspiration, 
(Normally at least 80% of the FVC is 
exhaled in the first second), Forced Vital 
Capacity (FVC)- which is the total amount 
of air exhaled during forced exhalation, 
FEV1/FVC ratio (%), Peak Expiratory 
Flow Rate (PEFR) which is the maximal 
flow rate generated during a forceful 
expiration and Forced Expiratory Flow 
Rates (FEF25-75, FEF50, FEF75) which 
measure the airflow in the mid portion of 
the vital capacity, i.e. forced expiratory 
flow between 25% and 75% of FVC , 50% 
of FVC and 75% of FVC were measured 
by the spirometer MicroQuark (Cosmed, 
Italy). The above were measured at three 
points; menstrual, follicular and luteal 
phases of a single menstrual cycle in 
accordance with the American Thoracic 
Society / European Respiratory Society 
spirometry guidelines (Graham et al., 
2019). The spirometry maneuvers were 
repeated up-to eight attempts until three 
acceptable maneuvers with two largest 
values for FVC and FEV1 possessed 
repeatability with a value 150mL of each 
other. The first day of menstruation was 
considered as day 1 of the menstrual cycle. 
Accordingly, Day 1-2 was defined as 
menstrual phase, Day 7-10 as follicular 
phase and Day 21-24 as luteal phase. 
Participants were instructed to report on 
the above defined dates to assess the lung 
function. Data were analyzed using SPSS 
20 software. Mean values of spirometry 
parameters, at each of the three points in 
menstrual cycle were calculated and were 
compared between groups, using paired 
sample t-test. Analysis of variance 
(ANOVA) was used to analyze differences 

between different phases within the same 
menstrual cycle. 
Ethical clearance was obtained from the 
ethics review committee of the Faculty of 
Medical Sciences, University of Sri 
Jayewardenepura (No-26/17) and 
institutional approvals were taken from the 
relevant institutions. 

3 RESULTS & DISCUSSION  
Socio-demographic and other 
characteristics of the study population  
 
The two groups (asthmatic and non-
asthmatic) were comparable in terms of 
age, height, weight and BMI. The 
demographic and other characteristics of 
asthmatics and non-asthmatics are given in 
Table 1. All the asthmatics and non-
asthmatics of the study were from the 
Sinhala ethnicity which was an incidental 
occurrence. Both groups were comparable 
in their level of education and were not 
employed. All asthmatics and non-
asthmatics were residing in Western 
Province at the time of data collection.  
 
Out of the 13 asthmatics with allergies, two 
had known food allergies, one had drug 
allergy and eight had allergic skin 
conditions (contact dermatitis, eczema). 
There was no difference between 
asthmatics and non-asthmatics in exposure 
to allergens such as cigarette (tobacco) 
smoke, outdoor air pollution, fumes 
(including cooking fumes and other fumes) 
(p = 0.619) and animal fur / animal dander 
(p = 0.439). 
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Table 1: Characteristics of the asthmatics 
and non-asthmatics 
 

 

 Independent sample t test     
 Chi-square test       ¥ Fisher exact test 
 

Characteristics of the menstrual cycles of 
asthmatics and the non -asthmatics 

Characteristics related to the menstrual 
cycles of the study participants are given in 
Table 2. The mean (SD) age of menarche 
was delayed in asthmatics; 12.8 (1.0) years 
compared to non-asthmatics; 12.0 (1.1) 
years (p <.001). The length of the 
menstrual cycles, the duration of bleeding 
and pain during menstruation 
(dysmenorrhea) were comparable in the 
two groups.   

Table 2: Characteristics of the menstrual 
cycles of the asthmatics and non-
asthmatics  

Independent sample t test  
#Chi square    *p<0.05    ***p<0.001 

Features related to asthma  

The asthmatics in the study were classified 
based on the treatment they were on at the 
time of recruitment according to GINA 
criteria and their features are given in 
Table 3. 

Of them, 15 (25%) were categorized as 
having intermittent asthma, 15 (25%) as 
having mild persistent asthma, while 30 
(50%) had moderate persistent asthma.  
None of the asthmatics were diagnosed 
with severe asthma as none were on high 
dose of inhaled corticosteroids (ICS). 
None were on anticholinergics.   

None of the asthmatics were obese or had 
obstructive sleep apnoea. Majority (n=41, 
68.3%) had symptoms suggestive of 
allergic rhinitis with some having 
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Age  
(years)  

22.2 
(1.6) 

22.3  
(1.6) 

0.869  

Height  
(cm)  

158.6 
(6.7) 

156.8 
(5.9) 

0.137  

Weight  
(kg)  

53.1 
(8.3) 

52.5  
(8.6) 

0.684  

BMI (kg/m2)  21.1 
(4.0) 

21.3  
(2.6) 

0.367  

History of 
allergies n 
(%) 

13 
(12.5) 

12 
(12.5) 

0.822  

Exposure to 
allergens n 
(%) 

   

Smoke/fumes  3 (5) 1 (1.7) 0.619  

Animal fur 22 
(36.7) 

18 (30) 0.562  
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Age of 
onset of 
menarche 
(years) 

12.8 
(1.0) 

12.0 
(1.1) 

<0.001***

Cycle 
length 
(days) 

29.5 
(2.8) 

29.3 
(2.1) 

0.671 

Duration of 
bleeding 
(days) 

4.5 (1.1) 4.3 (.9) 0.123 

Presence of 
dysmenorrh
ea    n (%) 

35 
(58.3) 

26 
(43.3) 

0.144# 



 

symptoms suggestive of concomitant 
allergic conjunctivitis (n=4, 6.67%) and 
rhinosinusitis (n=4, 6.67%). Symptoms 
suggestive of gastro oesophageal reflux 
disease (GORD) was present in 29 
asthmatics (48.3%). Other trigger factors 
included exercise, emotions, weather / 
climate changes (Table 3). 

Only one asthmatic noticed menstruation 
related worsening of symptoms. History of 
asthma among close family (parents and 
siblings) was present in 46 (76.7%). 

Spirometry parameters of asthmatics and 
non-asthmatics  

All spirometry parameters (means) 
assessed, other than FVC, were 
significantly lower in asthmatics compared 
to non-asthmatics during all three phases 
of the menstrual cycle (p<0.05) as shown 
in Figure 1. Predicted values for 
spirometry parameters were generated 
using regression equations for Sri Lankan 
females of 19-29 years (Udupihille M., 
1988). 

The changes in lung function parameters 
during different phases of the menstrual 
cycle are given in Figure 1. 

In asthmatics, the mean values of FEV1, 
FEV1/FVC %, FEF25-75, FEF50, FEF75 were 
lowest in the menstrual phase while FVC 
and PEFR were lowest in the luteal phase. 
FEV1 and FEV1/FVC%, FEF25-75, FEF50 
were highest in the luteal phase in the 
asthmatics. In non- asthmatics, the highest 
mean FEV1, FVC were recorded in the 
luteal phase while highest mean 
FEV1/FVC%, FEF25-75, FEF50 were 
recorded in the follicular phase. However, 
with repeated measures ANOVA there was 

no significant effect of the phase of 
menstrual cycle on the lung function 
parameters measured in either of the 
groups (p>.05).  
 
Table 3: Features related to asthma of the 
participants (n=60) 

Characteristics related to 
asthma 

n % 

Asthma severity 

Intermittent 15 25 
Mild persistent 15 25 
Moderate persistent 30 50 

Severe - - 
Trigger factors (multiple responses allotted) 
Exercise  2 3.3 

Respiratory infections 32 53.3 
Emotions/laughter 7 11.7 
Weather (changes in 
temperature/humidity) 

6 0.1 

Dust/fumes/smoke/air 
pollutants 

5 8.3 

Menstruation 1 1.67 
Asthma comorbidities 
Allergic rhinitis / rhino 
sinusitis/rhino conjunctivitis   

41 68.3 

Gastro oesophageal reflux 
disease (GORD) 

29 48.3 

Treatment 

Short Acting Beta Agonists 
(SABA) only  

15 25 

Inhaled corticosteroids (ICS) / 
SABA+ICS 

15 25 

Long-Acting Beta Agonists 
(LABA)+ICS 

30 50 

Leukotriene antagonists 1 1.7 
Nasal steroids 3 0.05 
Antihistamines 1 1.7 

 
Family history of asthma 46 76.3 
Age of onset /diagnosis 

Early childhood  38 31.7 
Since adolescence  18 15.0 
Recent (within 1-2 years)   4 3.3 
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  c. FEF 25-75 d. FEF50 

e. FVC f.PEFR  

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

a. FEV1 b.  FEV1/FVC % 

M- Menstrual phase    F- Follicular phase    L- Luteal phase 
Figure 1. Spirometry parameters (mean ± SD) during different phases of the menstrual cycle 
in asthmatics (n=60) and non-asthmatics (n=60) 



 

This study was conducted among females 
between 19 and 25 years and asthmatics 
and non-asthmatics were comparable in 
age, height, weight and BMI. The 
characteristics of the menstrual cycles 
were similar although the age of menarche 
was significantly delayed in the 
asthmatics. Delayed age of menarche in 
asthmatics has been reported previously 
(Moudiou et al. 2003, Gaudino et al. 2021). 
The well accepted phenomenon of chronic 
illness delaying puberty in girls (Pozo and 
Argente 2002) and/or due to the effects of 
long term inhaled corticosteroids (Zhang et 
al. 2019) could be the possible reason for 
the delayed menarche in the asthmatics.  

The spirometry parameters FEV1, 
FEV1/FVC%, PEFR, FEF25-75 FEF25, 
FEF50, FEF75 were significantly lower in 
asthmatics in all the phases of the 
menstrual cycle, indicating expiratory air 
flow limitation and/or airway obstruction 
which is the hall mark of asthma. All non-
asthmatic subjects had normal lung 
functions which were comparable to the 
previously reported values for Sinhalese 
females of similar age groups (Udupihille. 
1995) and also comparable to the values 
reported for Sri Lankan Tamil females 
(Sooriyakanthan et al. 2019).  

The lung function spirometry parameters 
varied during the different phases of the 
menstrual cycle in both groups, similar to 
the studies reported previously, although a 
significant change between phases was not 
observed in the current study (Aissani et al. 
2019; Pauli 1989; Nittner-Marszalska et al. 
2018). The reason for no significant 
change between phases is probably 
because the asthmatics in the current study 

were well-controlled and were 
asymptomatic at the time of assessment. 
The pattern of change observed in 
asthmatics and non-asthmatics was also 
not similar. In asthmatics, the expiratory 
flow parameters FEV1, FEF25-75, FEF50, 
FEF75 were lowest during the menstrual 
phase and highest during the luteal phase, 
while PEFR and FVC were lowest during 
the luteal phase and highest during the 
menstrual phase. This finding of 
deterioration of lung function from luteal 
to menstrual phase has been reported 
previously (Agarwal and Shah 1997; 
Aissani et al. 2019; Arora et al. 2011; 
Chandler et al.1997; Jeon et al. 2009; Kaur, 
N et al. 2019) and supports the widely 
accepted premenstrual exacerbation of 
asthma symptoms. Even though this 
phenomenon may not be apparent in all 
asthmatics, it may occur in susceptible 
females. Most previous studies report a 
deterioration of lung functions from luteal 
to menstrual phase in asthmatics. A few 
studies have conversely reported highest 
spirometry parameters in menstrual phase 
(Farha et al. 2009) and lowest parameters 
in the luteal phase (Farha et al. 2009, 
Wegienka et al. 2012). 

In non-asthmatics of the current study, 
there was no significant change in the 
variation of lung functions between the 
different phases, similar to the studies by 
Chen and Tang (1989), da Silva et al. 
(2006), Das (1998) and Timon et al. 
(2014). However, the mean FEV1, was 
highest during the luteal phase and was 
lowest during the menstrual phase similar 
to the asthmatics. In contrast, some studies 
conducted in India including young 
healthy female undergraduates (Arora et 
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al. 2015; Bhirange and Jajulwar 2019; 
Goyal et al. 2017; Handergull and 
Sommani 2018; Hebbar 2013; Kaur, H et 
al. 2015; Kavitha and Chris 2017; 
Nandhini 2012) found that the spirometry 
parameters changed significantly during 
the menstrual cycle with highest values 
reported in the luteal phase and lowest 
recorded in the menstrual phase.  
 
The three main sex hormones, oestrogen, 
progesterone and testosterone are known 
to have effects on the bronchial smooth 
muscle and airway inflammation (Fuentes 
and Silveyra 2018). Oestrogen and 
progesterone levels decrease to very low 
levels during the menstrual phase. The 
lowest FEV1, FEF25-75, FEF50, FEF75, 
FEV1/FVC seen in the menstrual cycle 
may be a result of very low levels of sex 
hormones which are known to have 
bronchodilatory effects. Further, the same 
lung function parameters FEV1, FEF25-
75, FEF50, FEF75, FEV1/FVC % were 
highest in the luteal phase and could be 
explained by high levels of oestrogen and 
progesterone levels known to peak during 
the luteal phase. The low concentrations of 
the same hormones during the 
premenstrual phase may be contributing to 
the phenomenon of PMA as evident by the 
deterioration of lung functions in the 
asthmatics observed during the menstrual 
phase in the current study.  
 
This study reports several lung function 
parameters assessed by spirometry which 
is the most reliable lung function 
assessment, in a group of asthmatics and a 
comparable group of non-asthmatics at 
three points in the menstrual cycle. 
Measurements of lung function more 

frequently would have been useful in 
assessing a cyclical variation. However, 
due to practical difficulties in assessing 
them frequently, this could not be 
achieved. 

4 CONCLUSION & 
RECOMMENDATIONS 

The lung function spirometry parameters 
assessed were lower in the asthmatics in 
menstrual, follicular and luteal phases of 
menstrual cycle compared to matched non-
asthmatics. Most lung functions (FEV1, 
FEV1/FVC %, FEF25-75, FEF50, FEF75) 
were detected to be lowest in the menstrual 
phase in asthmatics. The reasons and the 
mechanism for the changes in lung 
function during the menstrual cycle needs 
to be further studied. 

ACKNOWLEDGMENTS  

The study was funded by University of Sri 
Jayewardenepura -Research grant 
ASP/01/RE/MED/2016/68. 

REFERENCES 

Agarwal, AK & Shah, A 1997, 'Menstrual-
linked asthma', Journal of Asthma, vol. 34, 
pp. 539-545. Available from: 
https://www.tandfonline.com/doi/abs/10.3
109/02770909709055398. [03 March 
2021]. 

Aissani, S, Ararem, I, Haouichat, H, Haffa, 
M.E. & Zitouni, A 2019, 'Clinical and 
Spirometric Characteristics of 
Premenstrual Asthma', International 
Journal of allergy Medications, Available 
from: 
https://clinmedjournals.org/articles/ijam/i



 

nternational-journal-of-allergy-
medications-ijam-5-041.php?jid=ijam. [03 
March 2021] 

Almqvist, C, Worm, M., Leynaert, B & 
Working group of GALEN 2008, 'Impact 
of gender on asthma in childhood and 
adolescence: a GA2LEN review', Allergy, 
vol. 63, pp. 47-57. Available from: 
https://onlinelibrary.wiley.com/doi/epdf/1
0.1111/j.1398-9995.2007.01524.x. [5 
April 2021] 

Ameen, A, AlJanabi, M & Shweekh, A 
2014, 'The Impact of Normal 
Physiological Fluctuation of Progesterone 
Hormone on Peak Expiratory Flow Rate in 
Premenopausal Women in a sample of 
Iraqi', Journal of Biology, Agriculture and 
Healthcare, vol.4 no.12, pp. Available 
from: 
https://www.iiste.org/Journals/index.php/J
BAH/article/view/12951/13490. [14 June 
2021] 

Arora, D, Arora, M & Gupta U 2011, 
'Influence of menstrual cycle on lung 
fucntions in asthmatics females', Indian 
Journal of Fundamental and Applied Life 
Sciences, vol. 1, no. 4, pp. 62-67. Available 
from: https://www.cibtech.org/J-LIFE-
SCIENCES/PUBLICATIONS/2011/Vol
%201%20No.%204/44-5-jls-Dimple.pdf. 
[14 June 2021] 

Arora, DB, Dhillon, S, Arora, A & Kaur, 
N 2015, 'Respiratory functions in 
asthmatic and normal women during 
different phases of menstrual cycle', 
Pakistan Journal of Physiology,  vol. 11 
no.2 pp. 3-7. Available from: 
https://inis.iaea.org/search/searchsinglerec

ord.aspx?recordsFor=SingleRecord&RN=
47009190. [14 June 2021] 

Baibergenova, A, Thabane, L, Akhtar-
Danesh, N, Levine, M, Gafeni, A & Leeb, 
K 2006, 'Sex differences in hospital 
admissions from emergency departments 
in asthmatic adults: a population-based 
study', Annala of Allergy Asthma & 
Immunology, vol. 96, no. 5, pp. 666-72. 
Available from: 
https://doi.org/10.1016/s1081-
1206(10)61063-0. [14 June 2021] 

Bhirange, S & Jajulwar, M 2019, 
'Assessment of Pulmonary Functions 
during Various Phases of Menstrual Cycle 
in Healthy Young Girls', International 
Journal of Science and Research (IJSR), 
vol.8, no. 6, pp. 1133-1136. Available 
from: 
https://www.ijsr.net/get_abstract.php?pap
er_id=ART20198666. [14 June 2021]  

Brenner, BE, Holmes, TM, Mazal, B & 
Camargo, CA 2005, 'Relation between 
phase of the menstrual cycle and asthma 
presentations in the emergency 
department', Thorax, vol. 60, pp. 806-9. 
Available from: 
https://doi.org/10.1136/thx.2004.033928. 
[14 June 2021] 

Chandler, MH, Schuldheisz, S, Phillips, B 
A & Muse, KN 1997, 'Premenstrual 
asthma: the effect of estrogen on 
symptoms, pulmonary function, and beta 
2-receptors', Pharmacotherapy, vol. 17, 
pp. 224-34. Available from: 
https://doi.org/10.1002/j.1875-
9114.1997.tb03703.x. [14 June 2021] 



Atukorala, et. al.

Charan J, Biswas T 2013, How to calculate 
sample size for different study designs in 
medical research? Indian J Psychol Med, 
vol. 35, no. 2, pp.121-6. Available from: 
https://pubmed.ncbi.nlm.nih.gov/2404922
1/ [14 June 2021] 

Chen, HI & Tang, YR 1989, 'Effects of the 
Menstrual Cycle on Respiratory Muscle 
Function', American Review of Respiratory 
Disease, vol. 140, pp. 1359-1362. 
Available from: 
https://doi.org/10.1164/ajrccm/140.5.1359
. [14 June 2021] 

Da Silva, SB, De Sousa, E & De Sousa, 
MB 2006, 'Changes in peak expiratory 
flow and respiratory strength during the 
menstrual cycle', Respiratory Physiology 
& Neurobiology, vol. 150, pp. 211-9. 
Available from: 
https://doi.org/10.1016/j.resp.2005.03.001
. [14 June 2021] 

Das, T 1998, 'Effects of the menstrual 
cycle on timing and depth of breathing at 
rest', Indian Journal of Physiology & 
Pharmacology, vol.42, no.4, pp. 498-502. 
Available from: 
https://www.ijpp.com/IJPP%20archives/1
998_42_4/498-502.pdf. [4 June 2021] 

Farha, S, Asosingh, K, Laskowski, D, 
Hammel, J, Dweik, R. A, Wiedmann, H & 
Erzurim, S 2009, 'Effects of the menstrual 
cycle on lung function variables in women 
with asthma', American Journal of 
Respiratory & Critical Care Medicine, 
vol. 180, pp. 304-10. Available from: 
https://dx.doi.org/10.1164%2Frccm.2009
04-0497OC. [14 June 2021] 

Fuentes, N & Silveyra, P 2018, 'Endocrine 
regulation of lung disease and 
inflammation'. Experimental Biology and 
Medicine vol. 243, pp 1311 1320. 
Available from: 
https://journals.sagepub.com/doi/pdf/10.1
177/1535370218816653. [12 June 2021] 

Gaudino, R, Dal-Ben, S, Cavarzere, P, 
Volpi, S, Piona, C, Boner, A, Antoniazzi, 
F & Piacentini, G 2021, 'Delayed age at 
menarche in chronic respiratory diseases', 
European Journal of Clinical 
Investigation, vol. 51, Available from: 
https://doi.org/10.1111/eci.13461. [12 
June 2021] 

Global Asthma Network 2018, The Global 
Asthma Report 2018- Auckland, New 
Zealand. Available 
from:http://globalasthmanetwork.org/Glo
bal%20asthma%20Report%202018%20. 
[15 June 2021]  

Global initiative for Asthma. 2016. GINA 
report 2016- Global strategy for asthma 
management and prevention. Available 
from: https://ginasthma.org/wp-
content/uploads/2016/05/WMS-GINA-
2016-main-Pocket-Guide.pdf. [25 August 
2021]. 

Global Initiative for Asthma 2021. GINA 
report 2021- Global strategy for asthma 
management and prevention. Available 
from: https://ginasthma.org/. [15 
September 2021] 

Goyal, M, Diwived, K & Rajput, A 2017, 
'Effects of different phases of menstrual 
cycle on lung functions in young girls of 
18-24 years age', International Journal of 
Research in Medical Sciences, vol. 5, no.2, 



 

pp. 612. Available from: 
http://dx.doi.org/10.18203/2320-
6012.ijrms20170161. [15 September 
2021] 

Graham, B, Steenbruggen, I, Miller, M, 
Barjaktarevic, I, Cooper, B, Hall, G, 
Hallstrand, T, Kaminsky, D, Mccarthy, K, 
Mccarmack, M, Oropez, C, Rosnfeld, Mt, 
Sanojevic, S, Swanney, M & Thompson B 
2019, 'Standardization of Spirometry 2019 
Update. An Official American Thoracic 
Society and European Respiratory Society 
Technical Statement', American Journal 
Respiratory & Critical Care Medicine, 
vol. 200, pp. 70-88. Available from: 
https://doi.org/10.1164/rccm.201908-
1590st [15 September 2021] 

Handergulle S 2018, 'Pulmonary Function 
Tests in Different Phases of Mensrual 
Cycle in Young Girls of 18-22 Years Age', 
National Journal of Basic Medical 
Sciences, vol. 8, pp.103-106. [5 June 2021] 

Hebbar, R, 2013, 'Effect of endogenous 
female hormones on lung functions', 
Journal of Evolution of Medical and 
Dental Sciences vol. 2, pp. 6519-6524. 
Available from: 
https://jemds.com/data_pdf/Raksh%20He
bbar.pdf [15 September 2021] 

Institute of health metrics and evaluation, 
2021, 'Global burden of diseases, injuries 
and risk factors study. GBD Country 
Profile-Sri Lanka', Available from: 
http://www.healthdata.org/sri-lanka [12 
June 2021]. 

Jeon, Y, YANG, H, & Pyun, B 2009, 'Lung 
Function in Korean Adolescent Girls: in 
Association with Obesity and the 

Menstrual Cycle', Journal of Korean 
Medical Science, vol.  24, pp. 20-25. 
Available from: 
https://doi.org/10.3346/jkms.2009.24.1.20 
[15 September 2021] 

Kaur H, Arora, R, & Maini, S 2015, 'Effect 
of different phases of menstrual cycle on 
pulmonary functions', Indian Journal of 
Basic and Applied Medical Research, vol. 
5, pp.266-269. Available from: 
https://dx.doi.org/10.4103%2F2229-
516X.198522. [25 June 2021] 

Kaur, N, Sethi, H, Dwivedi, D 2019, 
'Pulmonary Function Variability in 
AsthmaticFemales during different phases 
of menstrual cycle'. Journal of Dental and 
Medical Sciences, vol. 18, no. 11, pp. 35-
38. Available from: 
https://www.iosrjournals.org/iosr-
jdms/papers/Vol18-issue11/Series-
3/G1811033538.pdf. [15 June 2021] 

Kavitha, J, Chris, A, 2017, 'Pulmonary 
Function Tests in Different Phases of 
Menstrual Cycle in Young Girls of 
Kanyakumari District', Journal of Dental 
and Medical Sciences, vol. 16, no.12, pp. 
6-8. Available from: 
https://www.iosrjournals.org/iosr-
jdms/papers/Vol16-issue12/Version-
2/B1612020608.pdf. [15 September 2021] 

Koper, I, Hufnagl, K & Ehmann, R 2017, 
'Gender aspects and influence of hormones 
on bronchial asthma - Secondary 
publication and update', World Allergy 
Organ Journal, vol. 10, pp. 46. Available 
from: https://doi.org/10.1186/s40413-017-
0177-9 [14 June 2021] 



Atukorala, et. al.

Labaki, W & Han, M 2020, 'Chronic 
respiratory diseases: a global view', Lancet 
Respiratory Medicine, vol. 8, no. 6, pp. 
531-533. Available from: 
https://doi.org/10.1016/s2213-
2600(20)30157-0. [15 June 2021]  

Lai, C, Beasley, R, Crane, J, Foliaki, S, 
Shah, J, Weiland, S 2009, International 
study of asthma & allergies in childhood- 
phase three study group, Global variation 
in the prevalence and severity of asthma 
symptoms: phase three of the International 
Study of Asthma and Allergies in 
Childhood (ISAAC). Thorax, vol. 64, pp. 
476-83. Available from: 
https://doi.org/10.1136/thx.2008.106609. 
[12 September 2021] 

Mallol, J, Crane, J, Von- Mutius, E, 
Odhiambo, J, Keil, U, Stewart, A & Group 
I. P. T. S 2013, 'The International Study of 
Asthma and Allergies in Childhood 
(ISAAC) Phase Three: a global synthesis', 
Allergolia et Immunopathologia, vol. 41, 
no.2, pp. 73-85. 
https://doi.org/10.1016/j.aller.2012.03.001
. [15 June 2021] 

Moreno, C, Lopez-vina, A, Garcia-
salmones M, Cisneros, C, Jareno, J & 
Ramirez, M 2012, 'Factors Related with 
the Higher Percentage of Hospitalizations 
Due to Asthma Amongst Women: The 
FRIAM Study', Archivos de 
Bronconeumología (English Edition), vol. 
48, pp. 234-239. [15 June 2021] 

Melgert, N, Hylkema, M, Timens, W, 
Postma, D 2007, 'Are There Reasons Why 
Adult Asthma is More ommon in 
Females?', Current Allergy and Asthma 

Reports, vol. 7, pp. 143-150. 
https://doi.org/10.1007/s11882-007-0012-
4. [4 June 2021] 

Ministry of Health. 2018. Annual Health 
statistics 2018 Sri Lanka. Medical 
Statistics Unit, Ministry of Health and 
Indigenous Medical Services. Available 
from: 
http://www.health.gov.lk/moh_final/engli
sh/public/elfinder/files/publications/AHB/
2020/Final%20AHS%202018.pdf. [15 
September 2021] 

Moudiou, T, Theophilatou, D, Priftis, K & 
Papadimitriou, A 2003, 'Growth of 
asthmatic children before long-term 
treatment with inhaled corticosteroids', 
Journal of Asthma, vol. 40, no.6, pp. 667-
71. Available from: 
https://doi.org/10.1081/jas-120019038. 
[18 September 2021] 

Nandhini R & Subhashini, A 2012, 
'Variation in the Pulmonary Functions with 
the phases of the Menstrual Cycle in 
Adolescent Females', Journal of Clinical 
and Diagnostic Research, vol. 6, no. 2, pp 
173-175. Available from: 
https://www.jcdr.net/article_fulltext.asp?i
d=2006 [15 September 2021] 

Nittner-Marszalska, M, Dor-
Wojnarowska, A, Wolanczyk-Medrala, A, 
Rosner-Tenerowicz, A, Zimmer, M, 
Dobek, J, Gomulka, K, Paruzynska, A & 
Panaszek, B 2018. Studying allergic 
inflammation and spirometry over 
menstrual cycles in well-controlled 
asthmatic women: Changes in 
progesterone and estradiol affect neither 
FENO levels nor lung function. Nitric 



 

Oxide, vol. 1, no.75, pp. 95-100. Available 
from: 
https://doi.org/10.1016/j.niox.2018.02.005
. [4 June 2021] 

Pauli, B, Robert, L, Munt, P, Wigle, R, & 
Forkert, L 1989, 'Influence of the 
Menstrual Cycle on Airway Function in 
Asthmatic and Normal Subjects', The 
American review of respiratory disease, 
vol. 140, no. 2, pp. 358 -362. Available 
from: 
https://doi.org/10.1164/ajrccm/140.2.358. 
[15 September 2021] 

Pozo, J & Argente, J 2002, Delayed 
puberty in chronic illness. Best Practice & 
Research Clinical Endocrinology & 
Metabolism, vol. 16, no. 1, pp. 73-90. 
Available from: 
https://doi.org/10.1053/beem.2002.0182. 
[4 June 2021] 

Sears, M, Greene, J, Willan, A, Wiecek, E, 
Taylor, D, Flannery, E, Cowan, J, 
Herbison, G, Silva, P & Poulton, R 2003, 
'A longitudinal, population-based, cohort 
study of childhood asthma followed to 
adulthood. New England Journal of 
Medicine, vol. 349, pp. 1414-22. 
https://doi.org/10.1056/nejmoa022363. 
[15 September 2021] 

Shah, R. & Newcomb, D 2018, 'Sex Bias 
in Asthma Prevalence and Pathogenesis', 
Frontiers in Immunology, vol. 9, pp. 2997 
Available from: 
https://dx.doi.org/10.3389%2Ffimmu.201
8.02997. [4 June 2021] 

Skobeloff, E, Spivey, W, Clair, S, 
Schoffstall, J 1992, 'The influence of age 
and sex on asthma admissions', Journal of 

the American Medical Association, vol. 
268, no.24, pp. 3437-3440. Available 
from: 
https://jamanetwork.com/journals/jama/ar
ticle-abstract/402185. [14 June 2021] 

Sooriyakanthan, M, Wimalasekera, S & 
Kanagasaba, S 2019, 'Establishment of 
Reference Norms for Lung Function 
Parameters of Healthy Sri Lankan Tamils', 
Pulmonary Medicine, Available from: 
https://www.hindawi.com/journals/pm/20
19/2169627/. [15 September 2021] 

Sullivan L 2013, Power and sample size 
calculation Boston USA: Boston 
University School of Public 
Health;.Available from: 
https://sphweb.bumc.bu.edu/otlt/mph-
modules/bs/bs704_power/bs704_power_p
rint.html [14 June 2021] 

Timon, R, Balaz A, Adsuar, J, Pozo-Cruz, 
B, Maynar, M 2014, 'Reliability of 
Spirometric Tests during the Different 
Menstrual Cycle Phases in Healthy 
Women', Iranian Journal of Public Health, 
vol. 43, pp. 1009-1010. [15 September 
2021] 

To, T, Gray, N, Ryckman, K, Zhu, J, Fong, 
I & Gershon, A 2019, 'Sex differences in 
health services and medication use among 
older adults with asthma', European 
Respiratory Journal Open Research, vol. 
5, no. 4 pp. 00242-2019. 
https://dx.doi.org/10.1183%2F23120541.
00242-2019 [15 September 2021] 

Tollefsen, E, Langhammer, A, 
Romundstad, P, Bjermer, L, Johnsen, R & 
Holmen, T 2007, 'Female gender is 
associated with higher incidence and more 



Atukorala, et. al.

stable respiratory symptoms during 
adolescence', Respiratory Medicine, vol. 
101, pp. 896-902. Available from: 
https://doi.org/10.1016/j.rmed.2006.09.02
2. [15 September 2021] 

Udupihille, M 1988, 'Lung function in 
young Sri Lankan Females', Journal of 
National Science Council, vol. 16, no. 2, 
pp. 229-232. Available from: 
https://jnsfsl.sljol.info/article/search/?sear
ch=Sri%20Lankan%20seaweeds. [15 
September 2021] 

Udupihille, M 1995, 'Spirometric and flow 
standards for healthy adult non-smoking 
Sri Lankans belonging to the Sinhalese 
ethnic group', Annals of Human Biology, 
vol. 22, no. 4, pp. 321-336. Available 
from: 
https://www.tandfonline.com/doi/abs/10.1
080/03014469500003992. [15 September 
2021] 

Vink, N, Postma, D, Schouten, J, 
Rosmalen, J & Boezen, H 2010, 'Gender 
differences in asthma development and 
remission during transition through 
puberty: the Tracking Adolescents' 
Individual Lives Survey (TRAILS) study', 
Journal of Allergy & Clinical 
Immunology, vol. 126, no. 3, pp. 498-504 
e1-6. Available from: 
https://www.jacionline.org/article/S0091-
6749(10)00995-4/fulltext. [15 September 
2021] 

Vrieze, A, Postma, DS & Kerstjens, HA 
2003, 'Perimenstrual asthma: a syndrome 
without known cause or cure', Journal of 
Allergy & Clinical Immunology, vol. 112, 
no. 2, pp. 271-82. Available from: 

https://www.jacionline.org/article/S0091-
6749(03)01714-7/fulltext. [5 April 2021] 

Wegienka, G, Hasiec, E, Boushey, H, 
Johnson, C, Strickler, R, Zoratti, E & 
Havstad, S 2012, 'Studying forced 
expiratory volume at 1 second over 
menstrual segments in asthmatic and non-
asthmatic women: assessing protocol 
feasibility', BMC Respiratory Notes, vol. 5, 
pp. 261. Available from: 
http://dx.doi.org/10.1186/1756-0500-5-
261. [14 June 2021] 

World health rankings, 2021. World Life 
expectancy.com. Available from: 
https://www.worldlifeexpectancy.com/sri-
lanka-asthma [30 April 2021]. 

Zein, JG & Erzurium, SC 2015, 'Asthma is 
Different in Women', Current Allergy & 
Asthma Reports, vol. 15, no.6, pp. 28. 
Available from: 
https://doi.org/10.1007/s11882-015-0528-
y. [28 September 2021] 

Zhang, L, Lasmar, LB & Castro-
Rodriguez, JA 2019, 'The impact of 
asthma and its treatment on growth: an 
evidence-based review', Journal de 
Pediatria, vol. 95, no. 1, pp. 10-22. 
Available from: 
https://doi.org/10.1016/j.jped.2018.10.005
. [5 April 2021] 

 


