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ABSTRACT

Background: Bronchial asthma is a common chronic respiratory disease
characterized by notable sex disparities that become apparent during the
reproductive years, indicating a potential role for ovarian hormones in disease
manifestation.

Objective: To compare spirometric lung function parameters across different
phases of the menstrual cycle among young women with and without asthma, and
to determine whether the magnitude and pattern of menstrual cycle-related
changes differ between the two groups.

Methodology: This prospective longitudinal comparative study was conducted
from January to December 2025. A total of 140 young women were enrolled,
comprising 70 asthmatics and 70 age- and BMI-matched non-asthmatic controls.
Spirometric assessments, including FEV,, FVC, FEV,/FVC ratio, PEFR, and mid-
expiratory flow rates (FEF,s-75, FEF s, FEF;5), were performed during three menstrual
cycle phases: menstrual (Days 1-3), follicular (Days 7-10), and luteal (Days 20-23).

Results: Asthmatic women demonstrated significantly lower spirometric
parameters across all menstrual cycle phases compared to non-asthmatic controls
(p < 0.001 for FEV,, FEV,/FVC, PEFR, and mid-expiratory flows). Among asthmatic
participants, FEV; and mid-expiratory flow rates were lowest during the menstrual
phase and highest during the luteal phase, whereas FVC and PEFR exhibited the
opposite trend. Non-asthmatic controls displayed similar but less pronounced
changes. Asthmatic women exhibited substantially greater percentage changes
from the menstrual to luteal phase for expiratory flow parameters (FEV,: +5.6% vs.
+2.4%; FEF5-75: +9.5% vs. +4.3%).

Conclusion: Asthmatic women experience greater menstrual cycle-related
variation in lung function compared to non-asthmatic controls, with the lowest
values observed during the menstrual phase, supporting the concept of
perimenstrual asthma.
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Introduction

ronchial asthma is one of the most common

chronic lung diseases at the present time and

affects approximately 300 million people of all
ages around the world. Because of chronic airway
inflammation, bronchial hyperreactivity, and variable
airway obstruction, asthma places a heavy burden on
health care services and reduces the quality of life.’
According to the epidemiological data, there is a quite
marked difference by sex in the frequency of asthma, a
difference that is evident even at the adolescent level.
Asthma is more common among men before puberty, but
after puberty the situation changes with asthma
becoming more frequent in women and this higher
frequency remains during their reproductive years.
Therefore, this sex-specific feature clearly indicates that
endogenous sex hormones such as estrogen and
progesterone are involved in the development of the
disease.’
The natural menstrual cycle, characterized by predictable
fluctuations in ovarian hormone levels, provides a
valuable model for investigating the effects of sex steroids
on pulmonary function. During the follicular phase,
estrogen concentrations gradually increase, while the
luteal phase is marked by elevated progesterone and a
secondary rise in estrogen. These hormonal variations
influence multiple physiological systems, including the
respiratory system. Progesterone, for instance, enhances
ventilation by acting on central and peripheral chemor-
eceptors. Recent molecular studies indicate that sex
hormones modulate brain-derived neurotrophic factor
(BDNF) expression in airway smooth muscle, thereby
affecting airway contraction, remodeling, and inflamm-
ation, which are critical factors in asthma pathogenesis.’
Estrogen receptors, such as ERa, ERB, and the G protein-
coupled estrogen receptor (GPER1), are abundantly
expressed in airway epithelium, smooth muscle, and
immune cells, where they regulate both genomic and
rapid signaling pathways.
While it makes biological sense that the menstrual cycle
affects lung function, the literature remains confusing and
contradictory. A few studies have shown reduced
pulmonary function during the premenstrual or menstrual
cycle, which is termed "perimenstrual asthma" (PMA),
and is found to affect approximately 10-30% of asthmatic
females.’ However, other studies found a decrease in lung
function closer to ovulation, or somewhere within the
luteal cycle, with some studies not finding any cyclical
variation at all. Similarly, in healthy, non-asthmatic
females, the data are unclear, with some papers showing
optimal lung function in the luteal cycle and others finding
no significant variation. These inconsistencies may arise
from methodological differences, including small sample
sizes, reliance on peak expiratory flow rate (PEFR) rather
than spirometry, and inconsistent phase definitions.

PEFR focuses more on the large airways and is effort-
dependent, making it less reliable than spirometry for
detecting even small changes in peripheral airways,
which are particularly affected by asthma.®

The mismatch in findings, and the possibility that asthma
status might affect how large the menstrual-cycle-related
shifts are, point to a need for well-designed, truly
comparable studies. Early airway inflammation and
hyperreactivity in asthma could increase the impact of
hormonal up-and-down shifts on airway size so that
asthmatics might show more pronounced cyclical lung-
function swings than healthy people. Prior work has also
implied that the direction and shape of the change could
vary with asthma severity; for instance, moderate
persistent asthma might show a bigger amplitude of
variation.® Still, systematic head-to-head comparisons of
how large and what kind of menstrual cycle-related
changes occur in women with asthma versus without
asthma are pretty scarce, especially within the South
Asian population.’

This study was designed to address these gaps by
conducting a prospective, longitudinal comparative
investigation at Bacha Khan Medical Complex, Swabi,
following participants over time rather than a single
snapshot. The main aim is to see and compare
spirometric lung function measures like FEV,, FVC, the
FEV,/FVC ratio, PEFR, and the mid-expiratory flow rates
(FEF 1575, FEFs0, FEF;5) across three separate phases of the
menstrual cycle (menstrual, follicular, and luteal). This will
be done in young women with well-controlled asthma and
in healthy non-asthmatic controls, matched by age and
BMI, so the groups are comparable. The secondary aim is
more specific: to assess whether the magnitude and
general pattern of menstrual-cycle-related shifts differ
between the two groups. By employing comprehensive
spirometry, ensuring rigorous phase definition, and
matching participants for age and BMI, this study aims to
provide robust evidence to clarify the interaction between
sex hormones, asthma, and pulmonary function. The
findings may have important clinical implications for
managing asthma in reproductive-aged women,
potentially informing tailored therapeutic approaches and
optimizing treatment timing in accordance with the
menstrual cycle.

Objective

To compare spirometric lung function parameters across
different phases of the menstrual cycle among young
women with and without asthma, and to determine
whether the magnitude and pattern of menstrual cycle-
related changes differ between the two groups.

Methodology

This prospective longitudinal comparative study was
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conducted at Bacha Khan Medical Complex, Swabi from
June 2024 to September 2025. We recruited young
women aged 18-35 years attending the Gynecology
Department of BKMC. We divided participants into two
groups: an asthma group of 70 women with well-
controlled asthma and a control group of 70 age- and
BMI-matched healthy, non-asthmatic women.

The sample size was based on an earlier published study
that examined spirometric lung function across the
different phases of the menstrual cycle in young women
with and without asthma. In that earlier work, there were
60 participants in each group, for a total of 120
participants, and that part is key. Here, we will use the
expected gap in the main spirometric outcome, FEV,,
between the groups. With a 95% confidence level and
80% power, we will determine the required number of
participants using a suitable two-group comparison or
repeated-measures approach. To account for around
10%-15% attrition (e.g., participants dropping out or not
completing every menstrual-cycle assessment), we will
increase the final n d accordingly. So, we proposed a
recruitment target of about 140 participants, meaning
roughly 70 asthmatic and 70 non-asthmatic women."
Women aged between 18 and 35 years, with regular
menstrual cycles of 24 to 35 days, and not on hormonal
contraceptives, were eligible for inclusion. Subjects in the
asthma group must have a documented physician
diagnosis of asthma and well-controlled asthma
according to the Global Initiative for Asthma (GINA)
criteria. We defined well-controlled asthma as answering
all four questions on the GINA assessment negatively: no
daytime symptoms more than twice a week, no night
waking due to asthma, no need for rescue medication
more than twice a week, and no limitation of activity due to
asthma. We further classified asthma severity based on
GINA treatment steps.

Women with irregular menstrual cycles, women using oral
contraceptives or other hormonal medication, pregnant
or lactating women, and women with a history of upper or
lower respiratory tract infection within the last month were
excluded. Other exclusions included participants with
other significant pulmonary disorders, including chronic
obstructive pulmonary disease, pulmonary embolism,
interstitial lung disease, or cystic fibrosis, and participants
with cardiovascular disease or psychiatric iliness that may
interfere with participation in the study. Participants with
asthma who had an exacerbation requiring systemic
corticosteroids in the past month or a change in asthma
medication in the past 4 weeks were also excluded.

We used self-reported menstrual history and cycle
tracking to determine the menstrual cycle phase. We
defined three phases for spirometric assessment:
menstrual phase (day 1-3), follicular phase (day 7-10), and
luteal phase (day 20-23). All assessments for each
participant were timed at the same time of day (+ 2 hours)
across the three visits to minimize variability. Participants

kept a menstrual diary to confirm cycle regularity and
accurate phase identification. Women actively bleeding at
the time of the initial assessment did not enroll, as this
may compromise the ability to capture a complete
menstrual cycle during the study period.

Spirometry was performed at each of the three phases of
the menstrual cycle using a calibrated spirometer
according to the technical standards of the European
Respiratory Society and American Thoracic Society
(ERS/ATS) for measuring lung volumes. Trained
respiratory technicians performed this procedure blinded
to participants' group allocation. Participants were asked
to refrain from smoking, heavy meals, and strenuous
exercise for at least two hours before testing. Asthmatic
participants were on a bronchodilator withholding period
according to standard guidelines, with short-acting beta-
agonists withheld for at least 4 hours and long-acting
bronchodilators withheld for at least 12 hours before
testing.

Each participant performed at least 3 forced expiratory
maneuvers, and we used the best values for analysis. The
spirometric parameters that were recorded are: forced
expiratory volume in the first second (FEV,), forced vital
capacity (FVC), FEV,/FVC ratio, peak expiratory flow rate
(PEFR), and mid-expiratory flow rates including FEF;5_ss,
FEFs,, and FEF;;s. We assessed repeatability of FEV; and
FVC measurements by requiring the two largest values to
be within 0.100 L or 5% of the highest value, whichever is
greater. Baseline spirometry may be supplemented with
bronchodilator responsiveness testing, as clinically
indicated, to characterize asthma severity in the
population studied.

We analyzed the data using SPSS version 26. For
demographic and clinical, mean, standard deviation, and
frequencies, was found. To compare the asthmatic and
non-asthmatic groups at each menstrual cycle stage, we
used independent-samples t-tests for continuous
measures and chi-square tests for categorical ones. We
evaluated changes within each group across the three
menstrual cycle phases using repeated-measures
ANOVA, similar to repeated observations over time. The
size of the menstrual cycle-related shifts was calculated
as a percentage change from the menstrual phase to the
luteal phase, and then contrasted between groups. A p-
value under 0.05 was treated as statistically significant,
evenifit'sjust slightly under.

Ethical approval (Ref. No. BC-131/24) was obtained from
the Institutional Review Board of BKMC before starting
the study, and it followed the principles of the Declaration
of Helsinki. Before enroliment, we provided each
participant with clear information about the study aims,
the full process, and any potential risks. We obtained
written informed consent from every participant before
they joined. Participants' information was de-identified
and kept private throughout the study period. The study
ensured every person could withdraw at any time without

Pak. J. Chest Med. 2026;32(02)

87



Menstrual Cycle-Related Changes in Spirometric Lung Function among Young Women with and without Asthma: Experience from a Tertiary Care Hospital

any impact on their medical treatment or the care they are
receiving.

Results

In this study, a total of 140 young women were included.
All participants completed the three scheduled
spirometric checkups across different menstrual cycle
phases, resulting in a 100% follow-up rate, with no
participants lost or dropped out. Age, height, weight, BMI
and history of allergies in participants of both groups were
approximately same. The asthmatic and non-asthmatic
groups were same in terms of age, height, weight, and
body mass index (BMI), and there wasn't anything
statistically meaningful between them (p > 0.05 for every
comparison). For the asthmatics, 22.9% reported a
history of allergies, while 20.0% in the non-asthmatic
group reported one; overall, the difference was not
significant (p = 0.682) (Table 1).

The average age at menarche was noticeably later among
asthmatics than among non-asthmatics (13.1 + 1.2 years
vs 12.2 + 1.0 years, p < 0.001). Still, mean cycle length,
menstrual bleeding duration, and dysmenorrhea
prevalence were similar overall across both groups (p >
0.05) (Table 2).

Among the 70 women with asthma, all participants had
well-controlled disease according to the Global Initiative
for Asthma (GINA) guidelines at enrollment. Asthma
severity, based on treatment requirements, was
distributed as follows: 18 participants (25.7%) had
intermittent asthma, 17 (24.3%) had mild persistent
asthma, and 35 (50.0%) had moderate persistent asthma.
None of the participants were classified as having severe
asthma, as no individual was receiving high-dose inhaled
corticosteroids or anticholinergic medications. Spiro-
metric parameters were collected during three distinct
phases of the menstrual cycle: the menstrual phase (Days
1-8), the follicular phase (Days 7-10), and the luteal phase

(Days 20-23) (Table 3).

During all three phases in the menstrual cycle, women
with asthma showed lower spirometric parameters
compared with non-asthmatic women, except for FVC,
where the difference looked less dramatic, and maybe
only sort of. The biggest gaps between the groups were in
the FEV./FVC ratio and the mid-expiratory flow rates
(FEF;5-75, FEFso, FEF;5), which point toward the obstructive
changes typical of asthma.

For the asthmatic group, every spirometric parameter
followed a cyclical pattern across menstrual cycle
phases; however, these shifts were not statistically
significant. In other words, within-group testing gave p >
0.05 for every comparison when assessed with repeated-
measures ANOVA. Still, the way things varied was not the
same for each parameter:

For FEV,, the FEV,/FVC ratio, FEF,s_;s, FEFs, and FEF;s,
the smallest readings occurred in the menstrual phase,
then gradually improved through the follicular phase until
peak values appeared in the luteal phase. In other words,
it was sort of a step-by-step process, not super steady
but still clear. The mean FEV; values went up by 5.6% from
menstrual to luteal (2.34 L to 2.48 L, p = 0.083). Also,
FEV./FVC increased by 7.0% from menstrual to luteal
(80.9% 10 87.9%, p=0.071).

By comparison, FVC and PEFR in asthmatics followed
another rhythm: the highest values were seen during the
menstrual phase, while the lowest were noted during the
luteal phase. FVC dropped 2.4% from menstrual to luteal
(2.89Lto2.82L). PEFRfell by 1.2% overthe same change
(5.82L/sto05.75L/s).

Among non-asthmatic women, spirometric parameters
exhibited slight variation across menstrual cycle phases;
however, none of these changes reached statistical
significance (p > 0.05 for all within-group comparisons).
Similar to the asthmatic group, FEV,, FEV,/FVC ratio,
FEF,s-75, FEFs, and FEF;; were lowest during the
menstrual phase and highest during the luteal phase. The

Table 1. Demographic and Anthropometric Characteristics of Study Participants

Age (years) 224 £1.7 22115 0.412*
Height (cm) 159.2 + 6.4 157.3 +5.8 0.089*
Weight (kg) 53.8 + 8.1 53.1+8.4 0.623*
BMI (kg/m?) 21.3+3.8 21.5+£29 0.742*
History of allergies n (%) 16 (22.9) 14 (20.0) 0.682**
*Independent sample t-test; *Chi-square test
Pak. J. Chest Med. 2026;32(02) 88
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mean FEV; increased by approximately 2.4% from the
menstrual to the luteal phase (from 2.89 L t0 2.96 L). FVC
and PEFR in non-asthmatic women followed a
comparable trend, with the highest values observed in the
menstrual phase and the lowest in the luteal phase,
consistent with the pattern seen in asthmatics. The
magnitude of these changes appeared smaller in non-
asthmatic women (Table 4).

Asthmatic women demonstrated a substantially greater
magnitude of change in expiratory flow parameters (FEV,,
FEV./FVC, FEF;s_5, FEFs,, FEF;5) between menstrual and
luteal phases compared to non-asthmatic women. The
largest differences were observed in mid- and end-
expiratory flow rates (FEF,s-;5 and FEF;5), where
asthmatics showed approximately double the percentage
change of non-asthmatics. FVC and PEFR showed
minimal changes in both groups, with no substantial
difference between asthmatic and non-asthmatic
women.

We carried out a subgroup analysis to see whether
menstrual cycle-related shifts differed when asthma
severity was taken into account (intermittent, mild
persistent, and moderate persistent). Although the
number of participants in each subgroup was not very
high, which reduces statistical power, we still observed a
trend. Women with moderate persistent asthma had a
larger amplitude of FEV; variation over the menstrual
cycle than women in the intermittent or mild persistent
group. Specifically, FEV; variation was 7.2% in moderate
persistent asthma, versus 4.1% for intermittent asthma
and 4.8% for mild persistent asthma.

Discussion

This prospective longitudinal comparative study
examined menstrual cycle-related changes in spirometric
lung function among 70 young women with 70 well-
controlled asthma with age and BMI-matched healthy
non-asthmatic controls. In the present study, the
asthmatic and non-asthmatic groups were, in general
well-matched, with respect to age (22.4 + 1.7 years vs.
22.1 £ 1.5 years, p = 0.412), height (159.2 + 6.4 cm vs.
157.3 +5.8cm, p=0.089), weight (53.8 + 8.1 kg vs. 53.1 +
8.4 kg, p=0.623),and BMI (21.3 + 3.8 kg/m?vs.21.5+2.9
kg/m?, p = 0.742). There was no meaningful difference in
allergy history between groups (22.9% vs. 20.0%, p =
0.682). The effective pairing of demographic and body-
measurement features represents a significant
methodological strength, as variations in age and body
mass index (BMI) can influence lung function in a
predictable manner. Atukorala and colleagues employed
a similar approach by matching asthmatic and non-
asthmatic participants for age and BMI, reporting
comparable values without statistically significant
differences between groups.’ The demographic
characteristics observed in the present study are

consistent with previous findings in South Asian
populations, where younger women in the reproductive
phase typically exhibit BMI values within the normal
range, as observed among the participants in this study.
This matching increases the likelihood that observed
differences in spirometric outcomes between groups are
attributable to asthma status rather than demographic
confounders.’

In the present study, the average age at menarche was
later in women with asthma compared to women without
asthma (13.1 £ 1.2 years vs. 12.2 + 1.0 years; p < 0.001).
This observation is consistent with previous research,
which also reported a later age at menarche among
asthmatic women, although the magnitude of the
difference varied. The delayed menarche observed in
women with asthma may be attributable to the chronic
inflammation associated with asthma, as persistent
inflammation can disrupt physiological processes and
alter the timing of puberty.' However, other studies have
reported conflicting findings. The association between
asthma and menarche may vary depending on asthma
phenotype. For instance, a large retrospective study of
24,282 US women found that each additional year in age
at menarche was associated with a 16% reduction in the
risk of childhood-onset asthma. Conversely, early
menarche, defined as onset before age 12, was
associated with a 56% increased risk of childhood-onset
asthma. No association was observed between age at
menarche and adult-onset asthma.® In contrast, a study
from Indonesia reported that girls with asthma had an
earlier average age at menarche by 5.2 months.’ These
divergent findings indicate that the relationship between
menarche timing and asthma is complex and may be
influenced by asthma severity, ethnicity, or other yet
unidentified factors.

In contrast to age at menarche, the mean cycle length
(29.7 +/- 2.6 days vs. 29.4 +/- 2.3 days, p = 0.578),
duration of menstrual bleeding (4.6 +/- 1.0 days vs. 4.4 +/-
0.9 days, p = 0.234), or dysmenorrhea prevalence (58.6%
vs. 45.7%, p = 0.128) showed no significant group
differences. These observations are similar to findings
reported by Atukorala and co-workers," who did not
identify significant differences between asthma and
control groups in cycle length or bleeding days. Because
menstrual cycle lengths and bleeding durations did not
differ significantly between groups, the lung functions
observed in the asthma group likely did not differ because
of differences in cycle length or bleeding-pattern
irregularity. In another study, a high prevalence of
dysmenorrhea was observed in both groups: 58.6%
asthmatics and 45.7% non-asthmatics, which lies within
the reported frequency of 45%- 70% among women in
South Asian populations.™

In the present study, we observed that spirometric
parameters were markedly reduced in asthmatic women
compared to non-asthmatic women throughout all three
phases of the menstrual cycle. The values for FEV at
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Table 2. Menstrual Cycle Characteristics of Study Participants

Age at menarche (years) 131 +1.2 122 +1.0 <0.001™*
Cycle length (days) 29.7+2.6 29.4+23 0.578*
Duration of bleeding (days) 46+1.0 4.4 +0.9 0.234*
Dysmenorrhea present n (%) 41 (58.6) 32 (45.7) 0.128**

*Independent sample t-test; **Chi-square test; **p < 0.001

menstrual, follicular, and luteal phases were 2.34 0.42 L,
2.410.40L,and 2.48 0.41 Lin the asthmatic individuals as
compared with 2.890.38L,2.920.36 L,and 2.96 0.37 L in
non-asthmatic patients (P < 0.001). As a result, the
FEV/FVC was lower in the asthmatic group (80.9%,
84.6%, and 87.9%) than in the non-asthmatic group
(92.6%, 94.5%, and 96.4%) in all three cycles (P < 0.001).
Differences between the two groups were more
pronounced in the FEV/FVC ratio and in mid-expiratory
flow volumes (FEF, FEF, FEF), which are highly indicative
of airway obstruction in asthma. Naik et al. reported in
their study, that pulmonary parameters such as FEV, FEF,
and PEFR were greater in the postovulatory period than in
the preovulatory period in women of reproductive age,
suggesting that hormonal levels are related to airway
smooth muscle function.” This steady decrease in the
FEV/FVC ratio in asthmatic subjects is characteristic of
the airway obstruction that accompanies asthma, and it
demonstrates that airway obstruction exists throughout
the menstrual cycle. The reduced mid-expiratory flow
values of asthmatics (FEF, FEF, FEF) are noteworthy given
their well-established correlation with small-airway
function and their sensitivity as indicators of peripheral
obstruction, which most commonly presents as the initial
symptom in asthma. Recent reports suggest that the
percentage difference in FEF (FEF%) is a more sensitive
indicator of small- and medium-airway obstruction than
FEV. Abnormalities in FEF% have been related to
increased asthma severity and to persistence of asthma
symptoms.

Our asthma group also showed cyclical trends in FEV,
FEV/FVC ratio, FEF, and FEF: minimum values occurred
during the menstrual period; gradually increased through
the follicular phase, and reached a maximum during the
luteal phase. Our subject group showed an average
increase from the menstrual period to the luteal period of
5.6% in FEV (2.34 L compared to 2.48 L), of 7.0% in
FEV/FVC ratio (80.9% compared to 87.9%), of 9.5% in
FEF (2.41 L/s compared to 2.64 L/s), of 8.0% in FEF (2.86

L/s compared to 3.09 L/s), and of 11.2% in FEF (1.52 L/s
compared to 1.69 L/s). These changes were not
statistically significant (p > 0.05). Likewise, Nittner-
Marszalska et al. demonstrated no significant change in
spirometry variables from the menstrual to the luteal
phase among women with stable mild-to-moderate
asthma. Still, they noted a tendency toward improved
lung volumes and expiratory flow rates during the luteal
phase compared with the menstrual phase.” These same
results across two studies suggest that although the
cyclical changes may have clinical significance, they are
not statistically significant within controlled asthmatic
subjects due to relatively small effect sizes and the effects
of between-subject variation.

Farha and coworkers observed that airflow and lung
diffusing capacity vary throughout the menstrual cycle,
peaking in menses and bottoming out in the early luteal
phase." The present study observed similar trends in both
FVC and PEFR. The discrepancies between observed
fluctuations in FVC and PEFR and those in FEV and mid-
expiratory flows may reflect variability in the physiologic
mechanisms governing these parameters. While FEV and
mid-expiratory flows are influenced predominantly by
airway caliber and obstruction, FVC may be influenced by
respiratory muscle strength and central neural drive, both
of which may vary under the influence of progesterone,
known for its stimulatory effects on breathing."”
Progesterone stimulates ventilation, increasing expiratory
capacity and FVC when progesterone is high, but more
detailed studies are needed because hormonal
interactions affect different parts of respiratory function.
Changes in variables among non-asthmatics within the
group of non-asthmatic women, FEV, FEV/FVC ratio, FEF,
FEF and FEF demonstrated a pattern that resembled that
observed in asthmatics, but changes were in lower
degree; the lowest values being obtained in the menstrual
period and highest in the luteal phase: mean values of FEV
increasing of 2.4% from menstrual to luteal periods (2.89
Lto02.96 L), of 3.8%, 4.3%, 4.6% and 6.0% for FEV/FVC
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Table 3. Spirometric Parameters During Menstrual Cycle Phases in Asthmatic and Non-Asthmatic Women

FEV: (L) Menstrual 2.34 £0.42 2.89+0.38 <0.001
Follicular 2.41+£0.40 2.92 +0.36 <0.001

Luteal 2.48 + 0.41 2.96 + 0.37 <0.001

FVC (L) Menstrual 2.89 +0.48 3.12 + 0.44 0.008
Follicular 2.85 +0.46 3.09 +£ 0.43 0.004

Luteal 2.82 + 0.47 3.07 £ 0.42 0.003

FEV./FVC (%) Menstrual 80.9+5.2 92.6 + 4.1 <0.001
Follicular 84.6 +5.0 945+ 3.8 <0.001

Luteal 87.9+4.9 96.4 + 3.6 <0.001

PEFR (L/s) Menstrual 5.82 + 0.98 6.74 + 0.89 <0.001
Follicular 5.91 + 0.95 6.81 + 0.87 <0.001

Luteal 5.75 + 0.97 6.69 + 0.88 <0.001

FEF5-75 (L/s) Menstrual 2.41 £0.52 3.28 £ 0.48 <0.001
Follicular 2.53 + 0.50 3.35+0.46 <0.001

Luteal 2.64 + 0.51 3.42 + 0.47 <0.001

FEFs, (L/s) Menstrual 2.86 + 0.55 3.72 £ 0.52 <0.001
Follicular 2.98 + 0.53 3.81 +£0.50 <0.001

Luteal 3.09 + 0.54 3.89 + 0.51 <0.001

FEF;s (L/s) Menstrual 1.52 + 0.38 2.18 +0.35 <0.001
Follicular 1.61 +0.36 224 +£0.34 <0.001

Luteal 1.69 + 0.37 2.31+£0.33 <0.001

Independent sample t-test comparing asthmatics vs. non-asthmatics at each phase
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ratio, FEF, FEF, and FEF, respectively. Likewise, in this
group the largest volumes were recorded during
menstruation for both FVC and PEFR. At the same time,
the lowest values were obtained during the luteal period,
showing a decrease of 1.6% and 0.7 in both variables.
These changes were not statistically significant (p>0.05).
Our results in nonasthmatic women agree with previous
studies of minimal, non-significant cyclical variability in
lung function. Recently, Khan and colleagues found that
FVC, FEV, PEFR, and the FEV/FVC ratio in normal adult
women are significantly greater during the luteal phase
than during the menstrual phase, but between-women
variation within cycles is small.”™ In another recent study of
normal women, Sieren and colleagues found that
individual airway diameters are significantly larger and
mean lung density is greater at menses than at the
midluteal phase, providing evidence that lung structure is
affected by the menstrual cycle when analyzed by
techniques capable of greater measurement precision."”
Furthermore, none of the pulmonary function measures
were affected by hormonal phase in a study evaluating
primary dysmenorrhea in women, indicating little
influence of hormonal fluctuations on measurements of
volumetric lung parameters, even in women without
asthma.”

A key finding of our study is the substantially greater
magnitude of change in expiratory flow parameters
among asthmatic women compared to non-asthmatic
women. Asthmatics demonstrated approximately double
the percentage change in FEF,s_;s and FEF;; compared to
non-asthmatics (9.5% vs. 4.3% and 11.2% vs. 6.0%,
respectively). The difference in change between groups
was +3.2% for FEV,, +3.2% for FEV./FVC ratio, +5.2% for
FEF,5-75, +3.4% for FEFs, and +5.2% for FEF;. In
contrast, FVC and PEFR showed minimal changes in both
groups with no substantial difference between asthmatic
and non-asthmatic women (differences of -0.8% and -
0.5%, respectively).

Our finding that asthmatic women show greater
menstrual cycle-related variation in lung function than
non-asthmatics is supported by previous research. Kaur
and colleagues found that asthmatic women showed
greater amplitude of variation in spirometric parameters
across the menstrual cycle than healthy controls.? This
observation supports the hypothesis that the pre-existing
airway inflammation and hyperreactivity in asthma
amplify the effects of hormonal fluctuations on airway
caliber. Previous research has shown that women with
asthma may lose normal cyclical regulation of -
adrenergic receptors, with receptor density down-
regulated when exposed to progesterone during the luteal
phase."

In contrast, non-asthmatic women show increased
receptor density during the luteal phase.” This differential
response may explain the greater magnitude of cyclical
changes observed in asthmatic women. Additionally,

estrogen receptors are widely expressed in airway
epithelium, smooth muscle, and immune cells, where they
modulate inflammatory responses.’ The withdrawal of
estrogen and progesterone during the menstrual phase
may lead to loss of their protective effects, resulting in
increased airway inflammation and bronchoconstriction,
particularly in individuals with pre-existing airway
disease.”

The largest between-group differences in menstrual
cycle-related change were observed in mid-expiratory
flow rates (FEF,s-;s and FEF;), which is clinically
significant. These parameters reflect small airway
function and are sensitive indicators of peripheral airway
obstruction.” The greater cyclical variation in these
parameters among asthmatics suggests that small
airways, which are already compromised in asthma, are
particularly susceptible to hormonal influences. This is
consistent with the observation that perimenstrual
asthma exacerbations often present with symptoms of
peripheral airway obstruction, including cough and chest
tightness.”

Our subgroup analysis by asthma severity, though limited
by sample size, showed a trend: women with moderate
persistent asthma had greater FEV; variation across the
menstrual cycle than those with intermittent or mild
persistent asthma (FEV, variation of 7.2% vs. 4.1% and
4.8%, respectively). This finding suggests that asthma
severity may modulate the magnitude of menstrual cycle-
related lung function changes, with more severe asthma
being associated with greater hormonal susceptibility.
This observation is consistent with the findings of
SkoczyXski and colleagues,™ who reported that women
with more severe asthma were more likely to experience
perimenstrual worsening of symptoms. Pereira Vega and
colleagues similarly noted that women with moderate-to-
severe asthma had a higher prevalence of perimenstrual
asthma compared to those with mild asthma.”® The
mechanism underlying this association may relate to the
degree of baseline airway inflammation and hyperre-
sponsiveness, which may be amplified by hormonal
fluctuations to a greater extent in more severe disease."
Our findings have important clinical implications for
managing asthma in reproductive-aged women. The
observation that lung function parameters, particularly
FEV,; and mid-expiratory flow rates, are lowest during the
menstrual phase suggests that women with asthma may
be atincreased risk of exacerbations during this time. This
supports the concept of perimenstrual asthma (PMA),
which is estimated to affect a significant proportion of
asthmatic women." Clinicians should consider menstrual
cycle phase when interpreting spirometric results in
women of reproductive age and should be alert to the
possibility of perimenstrual worsening of symptoms. The
greatest variations in mid-expiratory flow rates suggest
that small airway function may be particularly affected by
hormonal fluctuations, and monitoring these parameters
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Table 4. Percentage Change in Spirometric Parameters from Menstrual to Luteal Phase

FEV, +5.6 +2.4 +3.2
FEV,/FVC +7.0 +3.8 +3.2
FEF,. s +9.5 +4.3 +5.2
FEF,, +8.0 +4.6 +3.4
FEF,, +11.2 +6.0 +5.2
FVC 2.4 -1.6 0.8
PEFR 1.2 -0.7 0.5

may help identify women at risk of perimenstrual
exacerbations.”

At a physiological level, the cyclical pattern of lung
function is thought to result from the interaction between
female hormones and the airways. Progesterone, which is
highest at the end of the cycle (the luteal phase), is
thought to stimulate central and peripheral chemo-
receptor-mediated arousal of respiratory drive and cause
bronchodilation.”"® Progesterone has also been found to
synergize with agonist-induced relaxation of isolated
airway smooth muscle.” The effect of estrogen is more
complicated because it is involved in development and
plays a complex role as aas a mediator of both pro- and
anti-inflammatory responses.” If these hormones are
withdrawn during the luteal phase of the menstrual cycle,
their beneficial actions may be lost, potentially narrowing
the airways. This mechanism is further supported by
research showing that sex hormones influence the
expression of inflammatory factors and the activity of
airway smooth muscle [19,20]. The stronger reaction in
people living with asthma than in healthy volunteers
indicates that the airway inflammatory environment in
asthma worsens the impact of hormone changes, with
more severe deterioration in the late luteal phase.”'

Strengths

This study has several strengths. By matching controls on
age and BMI, the study could compare menstrual cycle-
related variation between asthmatic and non-asthmatic
women and therefore establish the influence of asthma.
The full spirometry measuring both expiratory (FEV, FVC,
FEV/FVC, PEFR) and inspiratory flows (and expiratory
flow not usually measured (FEF, FEF, FEF)) was
comprehensive compared to some other studies which
merely measured peak flow meter function, which

represents predominantly large airway mechanics and is
highly effort dependent.

Classification of asthma severity and confirmed good
control using GINA asthma staging ensured a uniform
asthmatic cohort free from confounding by poorly
controlled disease.

Finally, a 0% loss to follow-up supports efficient study
design and subject retention.

Limitations

Several limitations are associated with the current study.
First, because the study did not assess menstrual cycle
phase or correlate hormone levels with spirometric data,
its ability to establish direct mechanistic links between
specific hormones and changes in lung function is limited.
Whilst the cycle phases were confirmed using data on the
patients' menstrual history and charted menstrual flow,
including menstrual serum blood analysis would have
better confirmed cycle phase and allowed correlation
analysis.

Secondly, because the study group was relatively healthy
and well-controlled asthmatic women, the degree of
cycle-related changes observed may have been smaller
than in more poorly controlled or severe asthmatic
populations.

Third, observing only one menstrual cycle may not
capture the considerable cycle-to-cycle variation that is
observed in some cases of asthma. Finally, the subgroup
analysis by asthma severity was limited by small
subgroup sizes, and follow-up studies will require a larger
sample to determine the impact of severity.

Conclusion

In conclusion, this study shows that young women with
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well-controlled asthma have significantly lower
spirometric parameters than healthy non-asthmatic
women across all phases of the menstrual cycle,
reflecting the underlying obstructive ventilatory defect
characteristic of asthma. Both groups show cyclical
variations in lung function, with FEV,; and mid-expiratory
flow rates being lowest during the menstrual phase and
highest during the luteal phase. In contrast, FVC and
PEFR show the opposite pattern. Importantly, asthmatic
women show a substantially greater change in expiratory
flow parameters than non-asthmatic women, particularly
in mid-expiratory flow rates, suggesting that pre-existing
airway inflammation in asthma amplifies the effects of
hormonal fluctuations on airway caliber. The pattern of
lowest values during the menstrual phase supports the
concept of perimenstrual asthma. It has important clinical
implications for the monitoring and management of
asthma in reproductive-aged women. Future studies
incorporating hormonal assays and including women
across the spectrum of asthma severity are warranted to
elucidate further the mechanisms underlying menstrual
cycle-related changes in lung function and to identify
women at greatest risk of perimenstrual exacerbations.
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