
Primary dysmenorrhea in adolescents

Daniela Ivanova Panova a,* , Aleksandra Atanasova Boshku b, Zoran B. Stankovic c

a Department for Reproductive Endocrinology and Pediatric and Adolescent Gynecology, University Clinic for Obstetrics and Gynecology, Faculty of 
Medicine, Ss. Cyril and Methodius University in Skopje, North Macedonia
b University Clinic for Obstetrics and Gynecology, Faculty of Medicine, Ss. Cyril and Methodius University in Skopje, North Macedonia
c Head of FIGIJ Training Center of Paediatric and Adolescent Gynecology, Hospital Euromedik, Bulevar Umetnosti 29, 11070, Novi Beograd, 
Republic of Serbia

A R T I C L E  I N F O

Keywords:
Primary dysmenorrhea
Adolescent girls
Step-by step treatment chart

A B S T R A C T

Dysmenorrhea is among the most common gynecological complaints in adolescents. Its diagnosis 
depends on the exclusion of other underlying pathologies, with the patient's history playing a 
crucial role. Initial therapy with over-the-counter medications can be initiated solely based on the 
patient's history. However, factors such as adolescents not seeking care, reliance on family advice, 
or incomplete evaluations by healthcare providers may contribute to misdiagnosis, leading to 
delays in both appropriate diagnosis and management. This article presents a narrative review of 
primary dysmenorrhea in adolescents, addressing its risk factors, pathophysiology, potential 
underlying conditions, diagnostic approaches, and treatment options. A step-by-step treatment 
algorithm for primary dysmenorrhea is also proposed, emphasizing that cases unresponsive to 
initial therapy should prompt reevaluation for secondary causes, such as endometriosis. This 
review urges healthcare professionals and others working with adolescents to increase awareness 
of primary dysmenorrhea and its management.

1. Introduction

Dysmenorrhea represents one of the most common yet underestimated and undertreated gynecological conditions and a significant 
public health problem [1]. It affects school-aged menstruating individuals and is a leading cause of school absenteeism and decreased 
productivity.

Primary dysmenorrhea specifically refers to painful menstrual bleeding without any identifiable underlying cause. In some fam
ilies, it is often considered a “normal” or “hereditary” condition, as many members have experienced similar symptoms.

Painful menstrual bleeding may be accompanied by symptoms such as nausea, malaise, vomiting, and low back pain that can 
radiate into the thighs, as well as severe headaches. Primary dysmenorrhea typically begins 1-2 years after menarche, peaks during 
adolescence and early adulthood, and gradually decreases around the age of 30. The pain usually begins with the onset of menstru
ation, intensifies, and lasts no more than 48-72 h. Pain may occur before or simultaneously with the onset of menstruation and 
gradually decreases in intensity over the subsequent days.
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Secondary dysmenorrhea, unlike primary dysmenorrhea, is associated with an identifiable pathological condition of the repro
ductive organs. Symptoms vary depending on the underlying cause and may include adenomyosis, endometriosis, endometritis, pelvic 
inflammatory disease (PID), leiomyomas, and obstructive anomalies of the genital tract. The pain pattern differs in timing, duration, 
rhythm, and intensity during the menstrual cycle. In some cases, secondary dysmenorrhea presents with abdominal pain that coincides 
with menstruation but lacks cyclicity.

2. Materials and methods

This article presents a narrative review conducted through a comprehensive search of the available literature. The approach 
involved analyzing published studies, clinical guidelines, and relevant reports to synthesize current knowledge on primary dysmen
orrhea in adolescents. Key topics addressed include risk factors, pathophysiology, underlying conditions, diagnostic approaches, and 
treatment options. The review also presents a proposed step-by-step treatment algorithm and emphasizes the need to reevaluate cases 
unresponsive to initial therapy for potential secondary causes, such as endometriosis. The aim is to provide healthcare professionals 
with practical guidance for managing primary dysmenorrhea and to highlight the need for greater awareness and improved diagnostic 
evaluation.

3. Prevalence and risk factors for primary dysmenorrhea

The reported prevalence of dysmenorrhea varies widely, influenced by its definition and by cultural factors. Globally, the prev
alence has been reported to range between 59% and 89% [2,3], A recent meta-analysis found that the prevalence of primary 
dysmenorrhea has increased over time, from 58.8% before 2010 to 68.5% after 2010, and 71.5% between 2015 and 2021 [4].

Risk factors are categorized according to the methodology used to group them, although they often interact and are numerous [4]. 
General risk factors for primary dysmenorrhea include age, race, body-mass index (BMI), lifestyle habits, cigarette smoking, low 
socio-economic status, alcohol consumption, and nutritional factors [5–9].

Important risk factors from the patient's history include age at menarche, cycle length, menstrual flow intensity, contraceptive use, 
family history of dysmenorrhea, parity, obstetric history, and sexual activity [6,10–12].

Several efforts have been made to quantify symptom severity using pain scales and scoring systems, which have demonstrated good 
accuracy [13]. Some studies have reported a high prevalence of moderate to severe dysmenorrhea, reaching 52%. Fortunately, most 
reported cases of dysmenorrhea present with mild to moderate symptoms. Approximately 10% of women describe the pain as “un
bearable” [14]. Dysmenorrhea is a major cause of work absenteeism and the leading cause of school absenteeism among adolescents 
[15]. Although dysmenorrhea is not life-threatening, it is a disabling and psychologically distressing condition [4,16]. Many women 
and girls choose to self-treat and do not seek medical assistance. This behavior may stem from familial perceptions of painful periods as 
“normal,” although some evidence suggests a genetic link to dysmenorrhea [17].

3.1. Pathophysiology of dysmenorrhea

The pain is caused by ischemia of endometrium, resulting from frequent and prolonged uterine contractions. This leads to the 
disruption of cell membranes and the release of phospholipids, which can follow either the cyclooxygenase (COX) or lipoxygenase 
pathway. The COX pathway involves the conversion of phospholipids into arachidonic acid and subsequently into cyclic endoper
oxides by the enzyme cyclooxygenase. The products of this pathway include prostaglandin F2 alpha (PGF2α), prostaglandin E2 (PGE2), 
and thromboxane A2 (TXA2). These mediators induce uterine contractions, vasoconstriction of uterine vessels, and hypersensitization 
of pain-sensitive nerve fibers. The lipoxygenase pathway converts phospholipids into hydroperoxyeicosatetraenoic acid-producing 
leukotriene A, B, and C, which also induce uterine contractions. Some studies have shown elevated urinary levels of leukotrienes in 
adolescents with dysmenorrhea [18].

Other contributing factors may include decreased levels of nitric oxide [19], elevated levels of vasopressin [20], and increased 
expression of CB1 receptors in the myometrium [21].

Normal uterine peristalsis is characterized by a basal tone of less than 10 mm Hg, with three to four rhythmic and synchronized 
contractions at 10-min intervals. The active pressure does not exceed 120 mm Hg.

In primary dysmenorrhea, the basal tone exceeds 10 mm Hg. The contractions are neither coordinated nor rhythmic, and their 
frequency exceeds 5 in 10-min intervals. The active pressure ranges from more than 120 to 180 mm Hg, and, in some cases, reaches up 
to 400 mm Hg. These conditions result in poor uterine perfusion; ischemia worsens, and the levels of metabolites that stimulate small 
type-C neurons increase. This sequence of events leads to pain. Moreover, PGF2α and PGE2 can stimulate the bronchi and bowel and 
contract vascular smooth muscles, leading to bronchoconstriction, nausea, vomiting, diarrhea, and hypertension.

Doppler studies have shown reduced vascularity in the uterine vessels due to increased resistance in adolescents and young adults 
with dysmenorrhea [22,23].

Additionally, studies on the pathophysiology of primary dysmenorrhea have explored the role of inflammatory cytokines [24] 
presenting the condition as a pro-inflammatory state. There is substantial evidence of central nervous system sensitization and mal
adaptive pain modulation [25,26].
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3.2. Symptomatology

Symptoms of primary dysmenorrhea can vary widely. The leading symptom is cramping pain in the lower abdomen that ac
companies menstruation. Radiating pain in the thighs and lower back, along with nausea, vomiting, diarrhea, sweating, headaches, 
palpitations, fatigue, malaise, and dizziness, may also be present. Importantly, symptoms begin immediately before or at the onset of 
menstrual bleeding and last for 8 to 72 h.

Neuroscientific research provides new insights into the condition. The repetitive nature of the condition can lead to emotional 
distress and mental health issues. Some studies have reported depression and sleep disturbances in girls with dysmenorrhea [27]. 
Studies have shown that the pain threshold for experimentally induced pain in women with dysmenorrhea is lower than that of women 
with normal menstruation [28]. This hypersensitivity is evident not only during menstruation but also throughout the entire menstrual 
cycle. One study even found an association between primary dysmenorrhea and attention-deficit/hyperactivity disorder in adolescents 
[29].

Neuroimaging studies [30] have shown alterations in CNS structure and function. Structural changes, such as enlargement of gray 
matter areas in regions including the orbitofrontal cortex, insula, primary and secondary sensory cortices, precuneus, and posterior 
cingulate cortex, have been observed. Simultaneously, significant volume reductions in subcortical regions such as the caudate nu
cleus, thalamus, and amygdala have been observed in patients with primary dysmenorrhea. These regions are known to be responsible 
for the processing and modulation of pain information [31].

The processes of endogenous inhibition and pain modulation are strongly correlated with sex hormone levels [32,33], resulting in 
variations in pain perception across different menstrual phases. A possible explanation involves the interaction between serotonergic 
and noradrenergic neurons in the nucleus raphe magnus and locus coeruleus, which are rich in estrogen and progesterone receptors. 
This interaction activates endogenous pain-inhibitory pathways and promotes the release of endogenous opioids, such as enkephalins, 
in the medulla spinalis. Results indicate that pain modulation is stronger during ovulation and weaker during the early follicular or 
menstrual phases [34].

Alterations are also present in white matter microstructure. Diffusion MRI studies have demonstrated modifications in the default 
mode network within pain-related connectomes, particularly in the cingulum, leading to increased pain perception [35].

Functional alterations in patients with primary dysmenorrhea are primarily related to changes in functional connectivity [31,36]
Primary dysmenorrhea represents a model of chronic, cyclic, and repetitive pain characterized by alternating periods of pain and 

pain-free intervals. Repeated stress may alter autonomic balance by increasing sympathetic activity or decreasing parasympathetic 
activity. Consequently, dysmenorrhea may predispose individuals to chronic pain conditions such as fibromyalgia, chronic headaches, 
chronic low back pain, irritable bowel syndrome (IBS), and painful bladder syndrome [24,31]

4. Diagnosis of primary dysmenorrhea

4.1. The diagnosis of primary dysmenorrhea is primarily based on the patient's medical history

A detailed general and gynecological history, including the age at menarche, menstrual cycle characteristics, onset, duration, and 
type of pain, as well as its quantification, is essential for the diagnosis of primary dysmenorrhea.

Although not mandatory when the history is suggestive of primary dysmenorrhea, physical examination can help exclude potential 
causes of secondary dysmenorrhea.

If a patient presents with dysmenorrhea soon after menarche or later with worsening symptoms, abnormal uterine bleeding, 
dyspareunia, or vaginal discharge, secondary dysmenorrhea should be suspected. The occurrence of cramping pain before menarche in 
girls with developed secondary sexual characteristics should suggest an obstructive Mullerian anomaly.

Pelvic ultrasonography is the initial diagnostic tool for identifying pelvic pathology.
Imaging modalities such as MRI and CT scans can help exclude organic pathology in the pelvis. Diagnostic laparoscopy or hys

teroscopy should be reserved for cases where suspicion of secondary dysmenorrhea is high and surgical intervention is required.
Sexually transmitted infections (STIs) should be screened for and excluded in sexually active individuals.
Quantifying pain and grading dysmenorrhea based on pain intensity and its impact on daily activities are essential for treatment 

planning. Numeric scales (1-5) and verbal scales (mild, moderate, severe) are used to describe pain intensity but are often subjective. 
The Visual Analogue Scale (VAS) is more sensitive but limited by its one-dimensional focus on pain, disregarding associated symptoms. 
Multidimensional scales have been developed, but also criticized [37,38].

5. Treatment

5.1. Treatment aims to both alleviate symptoms and address the underlying causes that trigger the primary signs of dysmenorrhea

5.1.1. NSAID
The mechanism of action of this drug class involves inhibition of prostaglandin synthesis at multiple levels. They represent the first- 

line treatment option and are available as over the counter (OTC) medications. Although widely used, these drugs may cause serious 
side effects such as peptic ulcers, gastrointestinal bleeding, and perforation. There is insufficient data on which of the NSAIDs is most 
efficient and safest [39]. Specific COX-2 inhibitors were shown not to cause gastric damage, but they are not approved in adolescents 
under 18 years of age. Some agents have demonstrated potential cardiovascular and dermatologic adverse effects and have been 
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withdrawn from the market by manufacturers [40,41].
All dosing regimens share a common approach, initiating a loading dose (e.g., ibuprofen, naproxen, mefenamic acid, or celecoxib) 

one to two days before the onset of menses and continuing for two to three days of bleeding, administered every 6–12 h depending on 
the specific medication.

5.1.2. Hormonal contraceptives
Hormonal contraceptives alongside the NSAIDs may as well be considered a first-line treatment for dysmenorrhea in females 

seeking contraception or in those with contraindications to NSAIDs [42,43].
They may include combined hormonal oral contraceptives, progestin-only pills, Levonorgestrel containing Intrauterine System 

(LNG-IUS), depot-injectables, implants, vaginal rings, or patches.
Combined estrogen-progestin oral contraceptives alleviate dysmenorrhea by reducing endometrial proliferation and suppressing 

ovarian hormone production. They may be administered cyclically or continuously to reduce the frequency of menstrual bleeding 
episodes [44].

The LNG-IUS is a recommended treatment for adolescents with laparoscopically confirmed endometriosis and is best inserted 
during the laparoscopic procedure [45].

The LNG-IUS is effective in reducing heavy menstrual bleeding, managing bleeding episodes in adolescents with coagulopathies 
such as von Willebrand disease, and may induce amenorrhea in certain patients with disabilities [46,47].

Progestin-only pills (POPs) are also recommended for the treatment of dysmenorrhea in individuals with contraindications to 
estrogen-containing components [48].

Pharmacologic treatment options that are not widely used due to limited high-quality clinical evidence include leukotriene an
tagonists used in asthma therapy (montelukast), calcium channel blockers (nifedipine), vasopressin inhibitors, and nitric oxide donors.

5.1.3. Complementary and alternative medicine (CAM)
At least 10-20% of patients with dysmenorrhea do not adhere to standard Western medical treatment due to contraindications or 

lack of efficacy. Alternative therapeutic approaches include the following.

5.1.3.1. ⋅ Herbal and dietary supplements. They are available without a prescription and are widely used. Randomized controlled trials 
(RCTs) evaluating their efficacy indicate that thiamine, pyridoxine, tocopherol, magnesium, vitamin D, fish oil, ginger, valerian, 
fenugreek, dill, zataria, fennel, and zinc sulfate may help reduce pain, although the supporting evidence remains limited [49–52].

5.1.3.2. ⋅Topical heat application. Studies suggest that applying hot compresses at 39 ◦C for 12 h daily produces effects comparable to 
400 mg of ibuprofen administered every 8 h. Patients should be advised not to exceed the recommended temperature exposure to 
prevent heat-induced inflammation of the skin [53].

5.1.3.3. ⋅Physical activity. Both stretching and strength training enhance pelvic blood flow and stimulate the release of beta- 
endorphins, which act as nonspecific analgesics [54,55].

5.1.3.4. ⋅Transcutaneous electric nerve stimulation (TENS). It involves the application of electrical currents with varying intensities and 
frequencies to specific dermatomes and is considered a safe option for patients seeking nonpharmacological treatment [56,57].

5.1.3.5. ⋅Acupuncture, acupressure, and moxibustion. This traditional Chinese intervention is widely accepted in Western medicine. 
Needle stimulation enhances endorphin and serotonin interaction, thereby blocking pain transmission through neural pathways 
[58–60].

5.1.3.6. ⋅Spinal manipulation. Spinal manipulation is expected to enhance spinal mobility, improve pelvic blood flow, and reduce 
pain. Several techniques differ in speed, amplitude of movement, and applied pressure. Systematic reviews have demonstrated a lack of 
high-quality studies to support definitive recommendations [61,62].

5.1.3.7. ⋅Cannabis. The plant Cannabis sativa contains compounds such as cannabidiol (CBD), tetrahydrocannabinol (THC), terpenes, 
limonene, cannabichromene (CBC), cannabigerol (CBG), and other phytocannabinoids, with their concentrations varying by plant 
type. Although the anti-inflammatory, analgesic, and relaxing effects of CBD are documented [63,64], the psychoactive properties of 
THC classify the plant as a controlled substance in many countries. Nevertheless, ongoing research continues to expand in this field 
[65].

6. Surgical treatment

Laparoscopic ablation of the uterine nerve (LAUN) and laparoscopic presacral neurectomy (LPSN) are surgical techniques used to 
treat refractory pain, especially in deep infiltrating endometriosis, by disrupting sensory nerves. These procedures are rarely performed 
in adolescents. One study showed there is insufficient evidence to recommend these procedures of nerve interruption in management 
of dysmenorrhea, regardless of the cause [66].
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7. The approach to dysmenorrhea in adolescents

A presumption of primary dysmenorrhea should prompt initiation of first-line therapy [67,68].
(See Fig. 1. Flowchart for the treatment of Primary dysmenorrhea).
Over-the-counter NSAIDs are recommended for patients. After 3-6 months, the patient should be re-evaluated for adherence to 

therapy and response to treatment. A positive response indicates confirmation of the diagnosis of primary dysmenorrhea. If there is no 
response to NSAIDs, combined oral contraceptives should be initiated cyclically. If there is no response within three to six months of 
combined oral contraceptive use, secondary dysmenorrhea, most likely due to endometriosis, should be strongly suspected. In such 
circumstances, the therapeutic approach should be individualized to the patient. As a definitive diagnosis of endometriosis necessitates 
laparoscopic evaluation-a surgical intervention-it is often advisable to defer surgery until a later stage in life. In the interim, continuous 
use of combined oral contraceptives is recommended, as this regimen typically reduces menstrual frequency to two or three times per 
year, thereby decreasing the incidence of painful episodes. LNG-IUS is an excellent option, and it is advisable even in nulliparous 
females.

Other pharmacological treatment options should be considered after evaluating the underlying causes of dysmenorrhea.
Possible causes of non-adherence or poor therapeutic response may include adolescent attitude, forgetfulness, disorganization, lack 

of parental support, limited medication availability, high costs, restricted pharmacy access, peer influence, social network pressure, 
subtherapeutic dosing, and incorrect dosage intervals or timing.

Fig. 1. Step-by-step approach to treatment of Primary Dysmenorrhea.
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8. Prognosis

Most cases of mild to moderate dysmenorrhea subside with NSAID therapy, and the prognosis is favorable. Cases unresponsive to 
NSAIDs and/or oral hormonal contraceptives should be re-evaluated for secondary dysmenorrhea, most commonly due to endome
triosis. A delay in diagnosis can lead to disease progression.

9. Discussion and conclusion

Although not life-threatening, dysmenorrhea should be taken seriously, as it may have lifelong consequences such as endometriosis 
and adenomyosis.

An adolescent with a history of primary dysmenorrhea should be provided with information about available treatments, including 
NSAIDs and hormonal contraceptive options. A shared and informed decision-making process is essential for patient satisfaction and 
treatment adherence. Nevertheless, first-line treatment with NSAIDs may be initiated once the patient has been appropriately informed 
about their correct use. When NSAIDs are used as prescribed, the risk of adverse effects is minimal; however, the patient should still be 
counseled regarding potential side effects. During the same consultation, the healthcare provider should encourage the adolescent to 
adhere to treatment and schedule a follow-up appointment after three months to assess adherence and treatment effectiveness. At that 
point, if there is no response to treatment, the patient should undergo a gynecological evaluation to identify potential pathological 
causes of secondary dysmenorrhea. If such pathology is identified, dysmenorrhea should be classified as secondary and managed 
accordingly. In cases where there is no response to NSAIDs, OHC therapy should be initiated. Again, providing detailed explanations 
and dedicating time to addressing questions, concerns, and misconceptions should be prioritized to ensure successful treatment 
outcomes.

What if an adolescent presenting with painful menstrual periods, diagnosed as primary dysmenorrhea, indeed has endometriosis? If 
not properly managed, this patient may experience lifelong pain, development of pain-related psychological changes, infertility, and 
ongoing physical and emotional distress. Hence, this article can serve as a call to action to policy makers to raise awareness of 
menstrual health as an integral component of overall public health as well as to incorporate reproductive health education into school 
curricula.

The professionals like medical doctors, nurses, and pharmacists united in their professional societies should recognize and promote 
menstrual periods as a vital sign of reproductive health. They should educate patients to recognize and promptly report early-onset 
dysmenorrhea unresponsive to initial treatment and identify and rule out possible underlying causes of dysmenorrhea which may 
be first sign of endometriosis. Gynecologists should reassess cases of dysmenorrhea unresponsive to treatment to determine whether 
the issue results from non-adherence to the prescribed regimen or treatment resistance due to an underlying pathology.

Finally, the patients and caregivers should increase their awareness that a familial pattern of painful menstruation should not be 
considered normal and the girls should develop self-management skills and promptly report any menstrual irregularities or abnormal 
levels of pain to a gynecologist.
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Practice points

• Most adolescent dysmenorrhea cases are primary, without an organic cause.
• Based only on history, treatment with non-steroidal anti-inflammatories should be initiated with regard on correct dosage and 

proper timing for 3-6 months.
• If non-responsive the patient should be advised cyclical hormonal treatment for 3-6 months.
• Persistent dysmenorrhea suggests a diagnosis other than primary dysmenorrhea and should be investigated.

Research agenda

• We should rely only on history until an easy and affordable laboratory testing for diagnosis is invented.
• Professionals who work with adolescents should bear in mind that diagnostic delay could bring low quality of life for the young 

person.
• Furthermore, as research into the neuropsychological aspects of dysmenorrhea progresses, it remains essential to continue basic 

societal education for girls and to enhance healthcare professionals' awareness of this issue.

Declaration of competing interest

The authors report no conflicts of interest.

D.I. Panova et al.                                                                                                                                                                                                      Best Practice & Research Clinical Obstetrics & Gynaecology 106 (2026) 102717 

6 



References

[1] De Sanctis V, Soliman AT, Elsedfy H, Soliman NA, Elalaily R, El Kholy M. Dysmenorrhea in adolescents and young adults: a review in different countries. Acta 
Biomed 2016;87(3):233–46.

[2] * Chia CF, et al. Dysmenorrhoea among Hong Kong university students: prevalence, impact, and management. Hong Kong Med J Jun. 2013;19(3):222–8. 
https://doi.org/10.12809/hkmj133807.

[3] Iacovides S, Avidon I, Baker FC. What we know about primary dysmenorrhea today: a critical review. Hum Reprod Update Dec. 2015;21(6):762–78. https://doi. 
org/10.1093/humupd/dmv039.

[4] Wang L, et al. Prevalence and risk factors of primary dysmenorrhea in students: a meta-analysis. Value Health Oct. 2022;25(10):1678–84. https://doi.org/ 
10.1016/j.jval.2022.03.023.

[5] Fernández-Martínez E, Onieva-Zafra MD, Parra-Fernández ML. Lifestyle and prevalence of dysmenorrhea among Spanish female university students. PLoS One 
Aug. 2018;13(8):e0201894. https://doi.org/10.1371/journal.pone.0201894.

[6] Hu Z, Tang L, Chen L, Kaminga AC, Xu H. Prevalence and risk factors associated with primary dysmenorrhea among Chinese female university students: a cross- 
sectional study. J Pediatr Adolesc Gynecol Feb. 2020;33(1):15–22. https://doi.org/10.1016/j.jpag.2019.09.004.

[7] Dhar S, Mondal K Kr, Bhattacharjee P. Influence of lifestyle factors with the outcome of menstrual disorders among adolescents and young women in West 
Bengal, India. Sci Rep Aug. 2023;13(1):12476. https://doi.org/10.1038/s41598-023-35858-2.

[8] Wang Y-L, Zhu H-L. The prevalence and associated risk factors of primary dysmenorrhea among women in Beijing: a cross-sectional study. Sci Rep Feb. 2025;15 
(1):5003. https://doi.org/10.1038/s41598-025-89038-5.

[9] Karout S, Soubra L, Rahme D, Karout L, Khojah HMJ, Itani R. Prevalence, risk factors, and management practices of primary dysmenorrhea among young 
females. BMC Womens Health Nov. 2021;21(1):392. https://doi.org/10.1186/s12905-021-01532-w.

[10] Liu J, Wang Y, Wu L, Wang L, Fang H. Study on the influencing factors of primary dysmenorrhea in female college students: systematic review and meta- 
analysis. Medicine (Baltim) Dec. 2024;103(49):e40906. https://doi.org/10.1097/MD.0000000000040906.

[11] Dhar S, Mondal K Kr, Bhattacharjee P. Influence of lifestyle factors with the outcome of menstrual disorders among adolescents and young women in West 
Bengal, India. Sci Rep Aug. 2023;13:12476. https://doi.org/10.1038/s41598-023-35858-2.

[12] * Ullah A, et al. Prevalence of dysmenorrhea and determinants of pain intensity among university-age women. Pain Med Dec. 2021;22(12):2851–62. https:// 
doi.org/10.1093/pm/pnab273.

[13] Situmorang H, Sutanto RL, Tjoa K, Rivaldo R, Adrian M. Prevalence and risk factors of primary dysmenorrhoea among medical students: a cross-sectional survey 
in Indonesia. BMJ Open Oct. 2024;14(10):e086052. https://doi.org/10.1136/bmjopen-2024-086052.

[14] Iacovides S, Avidon I, Bentley A, Baker FC. Reduced quality of life when experiencing menstrual pain in women with primary dysmenorrhea. Acta Obstet 
Gynecol Scand Oct. 2013. https://doi.org/10.1111/aogs.12287.

[15] Belayneh W, et al. Prevalence of dysmenorrhea and associated factors and its effect on daily academic activities among female undergraduate students of 
hawassa university college of medicine and health sciences, hawassa, Ethiopia. Front Reprod Health Dec. 2023;5. https://doi.org/10.3389/frph.2023.1244540.

[16] Chen CX, et al. Development and testing of the dysmenorrhea symptom interference (DSI) scale. West J Nurs Res Apr. 2021;43(4):364–73. https://doi.org/ 
10.1177/0193945920942252.

[17] Aouad P, et al. Primary dysmenorrhoea in adolescents and young women: a twin family study of maternal transmission, genetic influence and associations. Aust 
N Z J Obstet Gynaecol Oct. 2022;62(5):725–31. https://doi.org/10.1111/ajo.13560.

[18] Harel Z, Lilly C, Riggs S, Vaz R, Drazen J. Urinary leukotriene (LT) E4 in adolescents with dysmenorrhea: a pilot study. J Adolesc Health Sep. 2000;27(3):151–4. 
https://doi.org/10.1016/S1054-139X(00)00123-3.

[19] Cameron I, Campbell S. Nitric oxide in the endometrium. Hum Reprod Update Sep. 1998;4(5):565–9. https://doi.org/10.1093/humupd/4.5.565.
[20] Chen YL, Shepherd C, Spinelli W, Lai FM. Oxytocin and vasopressin constrict rat isolated uterine resistance arteries by activating vasopressin V1A receptors. Eur 

J Pharmacol Jul. 1999;376(1–2):45–51. https://doi.org/10.1016/s0014-2999(99)00351-9.
[21] Shen X, Duan H, Wang S, Hong W, Wang Y-Y, Lin S-L. Expression of cannabinoid receptors in myometrium and its correlation with dysmenorrhea in 

adenomyosis. Reprod Sci Dec. 2019;26(12):1618–25. https://doi.org/10.1177/1933719119833483.
[22] Tan Zaidi, Campbell Doyle, Collins. Blood flow changes in the ovarian and uterine arteries during the normal menstrual cycle. Am J Obstet Gynecol Sep. 1996; 

175(3):625–31. https://doi.org/10.1053/ob.1996.v175.a73865.
[23] Santolaya-Forgas J. Physiology of the menstrual cycle by ultrasonography. J Ultrasound Med Apr. 1992;11(4):139–42. https://doi.org/10.7863/ 

jum.1992.11.4.139.
[24] Ma H, et al. Altered cytokine gene expression in peripheral blood monocytes across the menstrual cycle in primary dysmenorrhea: a case-control study. PLoS 

One Feb. 2013;8(2):e55200. https://doi.org/10.1371/journal.pone.0055200.
[25] Su X, et al. Brain morphological changes and associated functional connectivity and lag structures in women with primary dysmenorrhea during the pain-free 

periovulatory phase. J Pain Jun. 2025;31:105419. https://doi.org/10.1016/j.jpain.2025.105419.
[26] * Tu C-H, et al. Abnormal cerebral metabolism during menstrual pain in primary dysmenorrhea. Neuroimage Aug. 2009;47(1):28–35. https://doi.org/10.1016/ 

j.neuroimage.2009.03.080.
[27] Bahrami A, et al. Neuropsychological function in relation to dysmenorrhea in adolescents. Eur J Obstet Gynecol Reprod Biol Aug. 2017;215:224–9. https://doi. 

org/10.1016/j.ejogrb.2017.06.030.
[28] Payne LA, Rapkin AJ, Seidman LC, Zeltzer LK, Tsao JC. Experimental and procedural pain responses in primary dysmenorrhea: a systematic review. J Pain Res 

Sep. 2017;10:2233–46. https://doi.org/10.2147/JPR.S143512.
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