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ABSTRACT

Primary dysmenorrhoea is a common and important gynaecological complaint among women of reproductive age that may adversely affect daily activities and quality of
life. This study aimed to investigate the associations of physical activity level and smoking status with menstrual pain severity among young women. This cross-sectional
study included 177 women aged 18-30 years who had regular menstrual cycles (21-35 days, +7 days) and no history of childbirth or miscarriage. Menstrual pain severity
was assessed usinga 10-cm Visual Analogue Scale (VAS), based on the maximum pain experienced during the previous three menstrual cycles. Physical activity level was
determined using the International Physical Activity Questionnaire—Short Form (IPAQ-SF). Participants who reported smoking regularly for at least six months were
classified as regular smokers. Women reporting higher physical activity levels had lower menstrual pain scores, and the difference across physical activity groups was
statistically significant (p < 0.001). Although smokers had higher VAS scores than non-smokers across all physical activity groups, the difference reached statistical
significance only in the moderate-physical-activity group (6.00 +1.00 vs. 5.00 £ 1.00; p = 0.009). The differences observed in the low- and high-physical-activity groups
were not statistically significant (p =0.059 and p =0.219, respectively). The findings indicate an inverse cross-sectional association between self-reported physical activity
level and menstrual pain severity. However, the association between smoking status and menstrual pain was not consistent across physical activity groups and should be
interpreted cautiously.
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OZET

Primer dismenore, iireme ¢agindaki kadinlarda yaygin goriilen ve giinliik aktiviteler ile yasam kalitesini olumsuz etkileyebilen 6nemli bir jinekolojik yakmmadir. Bu
¢alisma, geng kadmlarda fiziksel aktivite diizeyi ve sigara kullanim durumunun menstriiel agr1 siddeti ile iliskisini incelemeyi amaglamistir. Kesitsel olarak tasarlanan
¢aligmaya, diizenli menstriiel sikluslara sahip (21-35 days, +7 giin), 18-30 yas araliginda ve dogum veya diisiik dykiisii bulunmayan toplam 177 kadm katilmistir. Menstriiel
agr siddeti, 6nceki ii¢ menstriiel siklusta yasanan maksimum agr1 esas alinarak 10 cm’lik Gorsel Analog Skala (VAS) ile degerlendirilmistir. Fiziksel aktivite diizeyi,
Uluslararas1 Fiziksel Aktivite Anketi Kisa Formu (IPAQ-SF) kullanilarak belirlenmistir. En az alt1 ay boyunca diizenli olarak sigara kullandigin1 bildiren katilimcilar
diizenli sigara igicisi olarak smiflandirilmistir. Daha yiiksek fiziksel aktivite diizeyi bildiren kadmlarin menstriiel agri skorlarmm daha diisiik oldugu goriilmiis ve fiziksel
aktivite gruplari arasmdaki fark istatistiksel olarak anlamli bulunmugtur (p<0,001). Sigara i¢en kadmlarin VAS skorlar tiim fiziksel aktivite gruplarmda sigara
icmeyenlerden daha yiiksek olmakla birlikte, bu farklilik yalnizca orta diizey fiziksel aktivite grubunda istatistiksel anlamliliga ulagmistir (6,00 +1,00°a kars1 5,00 £ 1,00;
p<0,009). Diisiik ve yiiksek fiziksel aktivite gruplarinda gozlenen farkliliklar istatistiksel olarak anlaml degildir (sirastyla p<0,059 ve p<0,219). Bulgular, 6z bildirime
dayali fiziksel aktivite diizeyi ile menstriiel agr1 siddeti arasinda ters yonlii kesitsel bir iligki bulundugunu gostermektedir. Sigara kullanim durumu ile menstriiel agr
arasindaki iligki ise fiziksel aktivite gruplari arasmda tutarli degildir ve dikkatli yorumlanmalidir.
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1. Introduction

Dysmenorrhea is defined as painful menstruation resulting from excessive uterine contractions
caused by prostaglandins (Tyas et al., 2023), and when it occurs in the absence of any underlying
pelvic pathology, it is referred to as primary dysmenorrhea (Dawood, 2006; Karout et al., 2021; Lee
& Park, 2015). Dysmenorrhea is quite common among adolescent girls and women of reproductive
age, with prevalence reported to range from 50% to 90% (Parra-Fernandez et al., 2020; Ishikura et
al., 2024; Kazama et al., 2015; Sultan et al., 2012). The pain is usually felt in the lower abdominal
region, but it can also spread to the back and thighs (Daley, 2008). However, symptoms such as
nausea, vomiting, headache, dizziness, fatigue, and diarrhoea may also accompany it (Fernandez-
Martinez et al., 2018). These symptoms can negatively impact work and school performance, as
well as quality of life (Alonso & Coe, 2001; Ju et al., 2014; Karout et al., 2021; Qin et al., 2020).
Furthermore, a meta-analysis found that 20.1% of individuals experiencing dysmenorrhea missed
school or university, while 40.9% reported adverse effects on their academic performance and
concentration (Armour et al., 2019).

Numerous risk variables influence primary dysmenorrhea (Iacovides et al., 2015; Wang et al.,
2022). In women, factors like a familial history of dysmenorrhoea, early menarche, irregular
menstrual cycles, nulliparity, and psychological stress, anxiety, and depression elevate the risk of
dysmenorrhoea (Fernandez-Martinez et al., 2018; Hyun & Kim, 2025). Moreover, modifiable
environmental lifestyle factors, including smoking, alcohol intake, dietary habits, and levels of
physical activity, may also correlate with primary dysmenorrhea (Ju et al., 2014; Iacovides et al.,
2015).

Physical activity, a significant environmental lifestyle factor, is recognized for elevating
endorphin levels (Gleeson et al., 2011; Triwahyuningsih et al., 2024), modulating progesterone and
estrogen synthesis, and promoting the production of endogenous anti-inflammatory agents
(Steinberg & Sykes, 1985; Liguori et al., 2023; Tyas et al., 2023). This is believed to alleviate the
intensity of menstruation discomfort by decreasing inflammation (Harber & Sutton, 1984).
Consistent physical exercise may function as a non-specific analgesic by enhancing pelvic blood
circulation and promoting the production of beta-endorphins (Tyas et al., 2023; Zheng et al., 2024).
Recent years have witnessed a growing interest in the potential analgesic effects of physical activity
on dysmenorrhea. Evidence indicates that inactive women endure more intense menstrual
symptoms. Nevertheless, the findings in the literature are not quite consistent; certain studies
indicate that low levels of physical activity correlate with more severe dysmenorrhea (Matthewman
et al., 2018), whereas others report no such correlation (Hyun & Kim, 2025).

Smoking has been suggested as a potentially modifiable factor associated with primary
dysmenorrhoea (Qin et al., 2020; Karout et al., 2021). Proposed biological mechanisms include
nicotine-induced vasoconstriction, which may reduce uterine blood flow and increase myometrial
contractions, potentially contributing to menstrual pain. However, the relationship between
smoking and dysmenorrhoea remains inconsistent across studies (Qin et al., 2020).

Although physical activity level and smoking status have each been investigated in relation to
primary dysmenorrhoea, evidence regarding their associations with menstrual pain across different
physical activity levels remains limited. In particular, the potential adverse association between
smoking and primary dysmenorrhoea has not been sufficiently examined according to physical
activity level. Therefore, this study aimed to investigate the associations of physical activity level
and smoking status with primary dysmenorrhoea severity and to compare menstrual pain scores
between smokers and non-smokers across different physical activity levels.
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2. Method
2.1. Research Model

This study adopted a cross-sectional, correlational quantitative research design to examine the
associations of physical activity level and smoking status with menstrual pain severity and duration
at a single time point, without any experimental intervention. Therefore, causal inferences cannot
be drawn from the findings, and the observed relationships should be interpreted as associations
rather than cause-and-effect relationships.

2.2. Samples

An a priori sample-size calculation was performed using G*Power 3.1 (Faul et al., 2009), based on
the proportions reported by Chua et al. (2020). With expected proportions of 23% and 7% (effect
size = 0.465), 80% power, and a two-sided significance level of 5%, the minimum required sample
size was 172 participants. The final analysis included 177 women aged 18-30 years.

Participants were recruited from female students at a single university via convenience sampling,
and data were collected through a self-administered online questionnaire created with Google
Forms. Participants were eligible if they had regular menstrual cycles (21-35 days, with cycle-to-
cycle variation of no more than seven days) (Masuda & Okada, 2023), had no history of childbirth
or miscarriage, and provided written informed consent (Kirmizigil & Demiralp, 2020). Women who
self-reported a history of endometriosis, adenomyosis, uterine fibroids, pelvic inflammatory
disease, ovarian disorders, or any other gynaecological condition associated with secondary
dysmenorrhoea were excluded from the study. Menstrual pain severity was assessed as an outcome,
and participants were not selected according to the presence or severity of menstrual pain. Eligibility
and gynaecological history were based on self-reported information; no clinical or ultrasonographic
assessment was performed.

Before data collection, all participants were informed about the study’s purpose and procedures,
and written informed consent was obtained. Ethical approval was obtained from the Atatiirk
University Faculty of Sport Sciences Ethics Committee (Approval No. E-70400699-050.02.04-
2400244758; 31 July 2024). The study was conducted in accordance with the principles of the 2013
Declaration of Helsinki.

2.3. Data Collection

Data were collected using a structured self-report questionnaire developed by the researchers,
informed by the relevant literature. The questionnaire included items assessing participants’
sociodemographic characteristics (e.g., age and smoking status), menstrual characteristics (e.g., age
at menarche), and general health-related information.

Physical activity level was assessed using the short form of the International Physical Activity
Questionnaire (IPAQ-SF). The IPAQ-SF assessed self-reported physical activity over the previous
7 days. Total physical activity was calculated as metabolic equivalent minutes per week (MET-
min/week) by multiplying the duration (minutes) and frequency (days) of each activity category
using standard MET values (3.3 for walking, 4.0 for moderate-intensity activity, and 8.0 for
vigorous-intensity activity), in accordance with the [IPAQ scoring protocol and the Compendium of
Physical Activities (Ainsworth et al., 2011). Based on total MET-minutes per week values,
participants were classified into low, moderate, or high physical activity levels according to
established IPAQ guidelines (IPAQ, 2005; Healey et al., 2020; Saglam et al., 2010). The validity
and reliability of the Turkish version of the IPAQ-SF were established by Saglam et al. (2010).

Moderate physical activity was defined as: (a) vigorous-intensity activity for at least 20 minutes
per day on three or more days; (b) moderate-intensity activity or walking for at least 30 minutes per
day on five or more days; or (¢) any combination of activities on five or more days achieving at
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least 600 MET-min/week. High physical activity was defined as: (a) vigorous-intensity activity on
at least three days achieving at least 1500 MET-min/week or (b) any combination of activities on
seven or more days achieving at least 3000 MET-min/week. Participants who did not meet the
criteria for the moderate or high categories were classified as having low physical activity.

Menstrual pain intensity was assessed using a 10-cm Visual Analogue Scale (VAS), ranging
from 0 (no pain) to 10 (worst pain imaginable) (Kanda et al., 2002). Participants were asked to
report the maximum level of pain experienced during their last three menstrual cycles to reflect
habitual menstrual pain rather than momentary discomfort. In line with previous research, VAS
scores were categorised as none-to-mild (0-3), moderate (4-6), or severe (7-10) menstrual pain
(Aktas, 2015; Parra-Fernandez et al., 2020).

Smoking status was assessed via self-report, and participants were classified as regular smokers
if they had been smoking consistently for at least six months prior to participation, consistent with
previous studies (Chen et al., 2023; Kuo et al., 2025).

2.4. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 20.0 (IBM
Corp., Armonk, NY, USA). According to the variable type, data were presented as mean, standard
deviation, median, minimum, maximum, frequency, and percentage. The normality of continuous
variables was evaluated using the Shapiro—Wilk and Kolmogorov—Smirnov tests, together with Q—
Q plots and skewness and kurtosis values. For comparisons between two independent groups, the
independent-samples #-test was used for normally distributed data; otherwise, the Mann—Whitney
U test was applied. Pearson’s chi-square test was used for categorical data when the expected cell
frequencies were greater than five. Yates’ continuity-corrected chi-square test was used when the
expected cell frequencies ranged between three and five, whereas Fisher’s exact test was used when
the expected cell frequencies were below three. The Fisher—Freeman—Halton test was used for
categorical tables larger than 2 x 2 when the expected frequency in one or more cells was less than
five. Analysis of covariance (ANCOVA) was used to examine differences in the dependent
variables across physical activity levels, adjusting for age and age at menarche. All statistical tests
were two-sided, and the level of statistical significance was set at p < 0.05.

3. Results
LLPA MLPA HLPA Effect Age at

Size Age Menar

Categori ) Med _ Med 2 Med Chi- P o, (years) che

es X+SD (Min- X+SD (Min- sp  (Min- Square %495 iNCOV g;fgg

Max Max Max
) ) ) CI) VA
0.039
+ _

Age 22+3.00 21(18-30) 23+3.00 23(18-30) 23.00+ 23(18 9.0 0.011 (0.000-

(years) 3.00 30)
0.103)

Age at 0.085

Menarche 12+1.00 12(11-15) 13+£1.00 13(11-19) 13.00+ 13(11- 16.387 <000 (0.018- <0.001

1.00 19) 3

(years) 0.165)

Height 166+£7.0 168(146- 165+ 167(146 165.00 167(151 0.004

(cm) 0 175) 700 174) £6.00 -175) 1.565 0.457 (0.000- 0.824 0.634
0.030)

Body 0.017

+ + -
Weight 505600 ? 55(45-90) 55+ 7.00 56(44-80) 38680 38545 2.767 0.251 (0.000- 0.316 0.109

(kg) 0.065)
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LLPA MLPA HLPA Effect Age at
Size Menar
Categori Med Med _ Med Chi- o (years) che
. _ X+ >
es X+SD (Min- X=SD (Min- sp  Min- Square 0,95 ANCOV  (years)
Max) Max) Max) cay A ANCO
VA
20.30(1 0.022
BMI 20.26+3 19.84(15. 20.38+  19.98(15.5 21.31%
5.3- 5.648  0.059 (0.000- 0.246 0.054
(kg/m2) .53 57-33.87) 2.60 5-31.25)  3.53 33.87) 0.074)
VAS Pain 8.00+1 6.00+ 3.00+ <0.00 2713
T 8(3-10) : 6(2-8) ‘ 3(0-6)  126.667 | (0.642- <0.001  <0.001
Score 00 1.00 1.00 1
0.760)
Pain 0.227
Duration 3.00<1. 3(1-4) 2.00% 2(1-4) 2.00% 2(1-3)  61.669 <000 (0.122- <0.001  <0.001
00 1.00 1.00
(days) 0.323)

LLPA: low level of physical activity, MLPA: moderate level of physical activity;, HLPA: high level of physical
activity, Chi-Square. y>=Kruskal Wallis Chi-Square test value; n?: effect size; CI: confidence interval; ANCOVA:
analysis of covariance; SD: standard deviation. Statistically significant at p < 0.05.

Figure 1. Menstrual pain severity and pain duration according to physical activity level. (A)
Menstrual pain score assessed using the Visual Analogue Scale. (B) Number of painful days
during menstruation.

A

Menstrual Pain Score

VAS score (0-10)

LLPA MLPA

HLPA

Days

4 -

0-

Number of Painful Days

LLPA

MLPA HLPA

Table 2. Menstrual Pain Intensity (VAS Scores) by Smoking Status Within Physical Activity

Levels

Categories Smoking Status X +SD Med (Min-Max) p-value
Smokers (n=33) 8.00+1.00 8.00 (7.00-10.00)

LLPA 0.059V
Non-smokers (n=11) 7.00+2.00 7.00 (3.00- 10.00)

= 4 -

MLPA Smokers (n=30) 6.00 +1.00 6.00 (3.00-8.00) 0.009 V"
Non-smokers (n=37) 5.00 £1.00 5.00 (2.00-7.00)
Smokers (n=8) 4.00 +1.00 4.00 (2.00-6.00)

HLPA 0.219Y
Non-smokers (n=58) 3.00 £1.00 3.00 (0.00-6.00)

LLPA:low level of physical activity; MLPA: moderate level of physical activity; HLPA: high level of physical
activity;, U: Mann-Whitney U Test; SD: Standard deviation: *: Statistical significant p<0.05.

When menstrual pain severity was compared between smokers and non-smokers within each
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physical activity level, smokers in the low-physical-activity group had higher VAS scores than non-
smokers (8.00 + 1.00 vs. 7.00 + 2.00); however, the difference was not statistically significant (p =
0.059). Among participants with moderate physical activity, smokers had significantly higher VAS
scores than non-smokers (6.00 £ 1.00 vs. 5.00 + 1.00; p = 0.009). Smokers in the high-physical-
activity group also had higher VAS scores than non-smokers (4.00 + 1.00 vs. 3.00 + 1.00), but the
difference was not statistically significant (p =0.219).

Table 3. Menstrual Pain Duration by Smoking Status Within Physical Activity Levels

Categories Smoking Status X+SD Med (Min-Max) p-value
Smokers 3.00+0.48 3.00 (2.00-4.00) .

LLPA 0,013V
Non-smokers 3.00£1.00 3.00 (1.00-4.00)
Smokers 3.00+1.00 3.0 (1.00-4.00)

MLPA 0,411V
Non-smokers 2.00£1.00 2.0 (1.00-4.00)
Smokers 1.00£1.00 1.0 (1.00-3.00)

HLPA 0,181V
Non-smokers 2.00£1.00 2.0 (1.00-3.00)

LLPA:low level of physical activity;, MLPA: moderate level of physical activity;, HLPA: high level of pysical
activity;, U: Mann-Whitney U Test; SD: Standard deviation: *: Statistical significant p<0.05.

Among women with low physical activity, the distribution of pain duration differed significantly
between smokers and non-smokers (p = 0.013), although both groups had the same mean and
median pain duration. This finding should therefore be interpreted cautiously. No statistically
significant differences were observed in the moderate- or high-physical-activity groups (p =0.411
and p =0.181, respectively).

Table 4. Distribution of Menstrual Pain Severity Categories by Physical Activity Level

Categories LLPAN (%) MLPAN (%) HLPAN (%) p-value
None-to-mild 2 (4.5%) 7 (10.4%) 61 (92.4%)
Dysmenorrhea Moderate 2 (4.5%) 39 (58.2%) 5(7.6%) <0.001 %%
Severe 40(90.9%) 21 (31.3%) 0 (0.0%)

Menstrual pain severity was classified based on Visual Analogue Scale (VAS) scores as none-to-mild (0-3),
moderate (4—6), and severe (7—10). LLPA: low level of physical activity, MLPA: moderate level of physical
activity; HLPA: high level of physical activity; y*: Pearson’s chi-square test. Statistically significant at p<0.05.

When the relationship between participants’ physical activity levels and menstrual pain severity
was evaluated, statistically significant differences were observed between the groups (p<0.001).
Among women with low physical activity, 90.9% were classified as having severe menstrual pain,
whereas only 4.5% were classified as having none-to-mild pain. Among women with moderate
physical activity, the most common category was moderate menstrual pain (58.2%), while 31.3%
were classified as having severe pain. In contrast, 92.4% of women with high physical activity were
classified as having none-to-mild pain, and none were classified as having severe pain. Overall,
higher physical activity levels were associated with lower menstrual pain severity.

4. Discussion

In our study, the relationships between physical activity level, smoking status, and menstrual pain
were examined. The study found that women with higher physical activity levels had lower
menstrual pain scores. In addition, smokers tended to report higher VAS scores than non-smokers
across all physical activity categories; however, this difference was statistically significant only in
the moderate physical activity group.

Engagement in physical exercise may stimulate the release of endorphins, which can elevate the
pain threshold and hence diminish discomfort (Proctor & Farquhar, 2006; Bavil et al., 2016; Chua
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et al., 2020). Studies investigating the correlation between exercise and menstrual discomfort yield
inconsistent results (Armour et al., 2019). Some research indicated that exercise had no impact
(Hyun & Kim, 2025), whilst others demonstrated a reduction in menstrual pain. A meta-analysis
indicates that consistent physical activity markedly alleviates the intensity of menstrual pain
(Matthewman et al., 2018). Ayhan's study (2024) revealed a statistically significant correlation
between reduced physical activity and increased dysmenorrhoea severity before and during the
pandemic. Triwahyuningsih et al. (2024) identified an association between physical activity levels
and dysmenorrhoea pain intensity, noting that most young women with mild pain had elevated
physical activity levels. Kim et al. (2022) reported that women with regular menstrual cycles
engaged in greater physical activity during the postmenstrual phase, potentially linked to reduced
dysmenorrhoea symptoms and accelerated recovery. A study indicated that women with
dysmenorrhoea experienced depression 1.5 times more frequently than those without
dysmenorrhoea (Titilayo et al., 2009). Physical activity may influence pain perception while
alleviating negative emotional states, including anxiety and depression (Valois et al., 2004; Ortiz et
al., 2015). Kawabe et al. (2022) found that young women with higher physical activity levels had
less severe premenstrual symptoms. Hyun & Kim (2025) discovered no statistically significant
difference in pain scores between physically active and inactive women over the last three menstrual
cycles. The research conducted by Blakey et al. (2010) indicated that consistent exercise may offer
a possible advantage in mitigating primary dysmenorrhoea and associated symptoms. Nevertheless,
they did not observe a substantial change. The discrepancies in results may stem from variations in
study design or the methodology employed to assess physical activity. Because physical activity
and menstrual pain were assessed at the same time, the temporal direction of this relationship cannot
be established. It is also possible that women experiencing more severe menstrual pain were less
able or less willing to engage in physical activity.

Smoking in women has been linked to delays in fertilisation, alterations in hormone production,
early menopause, menopausal hot flashes, and spontaneous abortion due to pathological processes
(Oboni et al., 2016; Jenabi et al., 2019). Research indicates that nicotine, a primary component of
tobacco, may induce vasoconstriction (Jenabi et al., 2019) and diminish uterine blood flow,
potentially exacerbating menstrual pain by heightening uterine muscle contractions and reducing
oxygen supply (Hornsby et al., 1998; Qin et al., 2020; Kuo et al., 2025). Our findings indicate that
a statistically significant difference in VAS scores based on smoking status was detected solely
within the moderate physical activity group, while the differences in the low and high physical
activity groups were not statistically significant. Smokers reported higher VAS scores than non-
smokers within all physical activity groups. Among women with low physical activity, the
distribution of pain duration differed significantly between smokers and non-smokers, although
both groups had the same mean and median pain duration. Therefore, this finding should be
interpreted cautiously. No statistically significant differences in pain duration were observed in the
moderate- or high-physical-activity groups. The research presents contradictory findings
concerning smoking status. Research indicated that smokers reported markedly lower levels of
dysmenorrhoea compared to non-smokers (Andersch & Milsom, 1982). Moreover, cramps endured
by women who smoke persist for a longer duration (Harlow & Park, 1996). A meta-analysis
assessed the correlation between smoking and dysmenorrhoea across fourteen distinct studies,
revealing a strong positive association (Jenabi et al., 2019). A study in Tiirkiye indicated that the
risk of dysmenorrhoea was 1.6 times greater among smokers compared to non-smokers (Ozerdogan
et al., 2009). Parazzini et al. (1994) indicated that the risk of dysmenorrhoea escalated dramatically
with prolonged smoking duration, reaching an increase of up to 3.4 times, particularly after 9 years
or more. Karout et al. (2021) similarly identified no correlation between smoking status and primary
dysmenorrhoea in their research. Smoking was generally associated with higher pain scores;
however, this association was not statistically significant across all physical activity groups.
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Because the subgroup comparisons were exploratory and no formal interaction analysis was
conducted, these findings should not be interpreted as evidence that physical activity modifies the
association between smoking and menstrual pain.

5. Conclusion and Recommendations

Our study contributes by evaluating the associations of physical activity level and smoking status
with menstrual pain in women. Women with higher physical activity levels reported lower
menstrual pain intensity and shorter pain duration. It is particularly noteworthy that a large
proportion of women with high physical activity were classified as having none-to-mild menstrual
pain. Smokers reported higher VAS scores than non-smokers across all physical activity groups;
however, the difference was statistically significant only in the moderate-physical-activity group.
A significant difference in the distribution of pain duration was observed only in the low-physical-
activity group and should be interpreted cautiously. In conclusion, higher physical activity levels
were associated with lower menstrual pain severity, whereas smoking tended to be associated with
less favourable pain outcomes. Because of the cross-sectional design, these findings should be
interpreted as associations rather than causal effects.

6. Limitations

This study has several limitations. First, the cross-sectional design prevents causal inference.
Second, physical activity levels were assessed using self-reported questionnaires, which may
introduce recall bias. Future studies should incorporate objective measurement tools, such as
accelerometers, to assess physical activity levels more accurately. Additionally, potential
confounding factors, such as stress levels, sleep quality, and hormonal fluctuations, were not
evaluated. Since only women with regular menstrual cycles and no history of childbirth were
included, the generalisability of the findings may be limited. Smoking status was assessed as a
binary self-reported variable, and information on smoking intensity, duration, cuamulative exposure,
former smoking, and the use of other tobacco products was unavailable. Therefore, potential dose—
response relationships between smoking and menstrual pain could not be examined. Future
longitudinal studies incorporating objective measurement methods are needed to clarify the
temporal nature of the observed associations.
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