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Abstract

:

Dysmenorrhea is the most common gynecological disorder for women in the reproductive age. Study has indicated that dysmenorrhea might be a general risk factor of chronic pelvic pain and even chronic non-pelvic pain, such as fibromyalgia. We used the Longitudinal Health Insurance Database 2000 from the Taiwan National Health Research Institutes Database to investigate whether women with dysmenorrhea have a higher risk of fibromyalgia and whether treatment of dysmenorrhea reduced the risk of fibromyalgia. The dysmenorrhea cohort was matched with a non-dysmenorrhea cohort at a 1:1 ratio based on gender, age, and the year of entry study by frequency matching. Multivariable Cox proportional hazard regression models were used to assess the risk of fibromyalgia, with controlling for potential confounding variables such as age, comorbidities, and medication use. After controlling confounding variables, results revealed that women with dysmenorrhea have a significantly higher risk of fibromyalgia than women without dysmenorrhea. However, only treatment of dysmenorrhea with hormonal contraceptives reduce the risk of fibromyalgia. These results indicated that dysmenorrhea may be a risk factor of fibromyalgia, whereas personalized medicine for treatment of dysmenorrhea may be the key to reduce the risk of fibromyalgia. Future studies are needed to identify the causes and prevention strategies in detail.
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1. Introduction


Dysmenorrhea is the most common gynecological disorder for women in the reproductive age. Epidemiological studies have shown that 16% to 91% of female have experienced dysmenorrhea, and 2% to 29% of female have had severe dysmenorrhea [1]. Dysmenorrhea patients suffered from cramping pain emanating from the lower abdomen when the menstruation onset [2], and often accompany with other symptoms such as headaches, depression, anxiety, and insomnia [1,3,4]. Previous study reported that the severity of dysmenorrhea negatively affected the live quality of patients [5]. Clinically, dysmenorrhea can be characterized as primary (menstrual pain without pelvic abnormality) or secondary (menstrual pain with pelvic abnormality, e.g., endometriosis) [6]. The first-line pharmacological treatment for primary dysmenorrhea is nonsteroidal anti-inflammatory drugs (NSAID). If the NSAID treatment is ineffective to management dysmenorrhea, treatment with hormonal contraceptives or antidepressants can be considered [6,7]. For secondary dysmenorrhea with endometriosis, the first-line pharmacological treatment is oral contraceptive pill [6]. However, it has been reported that both treatment with NSAID and treatment with oral contraceptive pill have less effectiveness for severe dysmenorrhea than for mild dysmenorrhea [8]. Moreover, study has indicated that dysmenorrhea might be a general risk factor of chronic pelvic pain and even chronic non-pelvic pain [9]. Thus, dysmenorrhea greatly impacts the women health and should be more considered in pain management.



Fibromyalgia is an idiopathic chronic pain condition with a higher prevalence rate in women than in men. In the United States, it has been estimated that 2.38% women have fibromyalgia, whereas only 1.06% men have fibromyalgia [10]. Fibromyalgia patients have generalized body pain and other somatic and psychological symptoms [11], which greatly impact their quality of life [12]. The risk factors of fibromyalgia may include sex, age, smoking, body mass index, alcohol consumption, and pre-existing medical disorders [13]. Among these risk factors, the strongest risk factors are sleep disorder, headaches and other pains, anxiety/depression, and illness behavior. Clinically, treatment of fibromyalgia is multidisciplinary. The initial treatment should be non-pharmacological therapies, then followed with pharmacotherapy if the patient has no response to the initial treatment [14]. The pharmacotherapy of fibromyalgia was antidepressants and anticonvulsants, whereas NSAID was ineffective to management fibromyalgia [14,15]. Previous studies have reported that a higher prevalence rate of dysmenorrhea among women with fibromyalgia than women with arthritis and healthy controls indicated a high comorbidity between dysmenorrhea and fibromyalgia [16,17]. However, the underling mechanisms which make dysmenorrhea highly comorbid with fibromyalgia still unclear.



An attractive theory is that prior pain experience may increase the pain vulnerability in individual, which may increase the risk of developing chronic pain condition [18]. Combined with predisposing factors in the brain, the acute nociceptive signals from the peripheral will be manipulated by the mesolimbic learning mechanisms and then influence information exchanges between the prefrontal cortex and limbic system that decides pain chronification [19]. The successful adaptation to nociceptive inputs may not lead to the chronification of pain, while maladaptation to nociceptive inputs may lead to the chronification of pain. Indeed, previous brain imaging studies have reported that dysmenorrhea patients who developed with chronic pelvic pain have maladaptive changes in central pain system, whereas dysmenorrhea patients who have no chronic pelvic pain revealed adaptive changes in central pain system [20]. The structural alterations associated with menstrual pain in the brain may be the results of cumulative effect from repetitive rapid neuroplasticity [21]. Hence, with a greater prevalence rate of dysmenorrhea in young women (aged 17–24 years old) and relative late-onset of fibromyalgia (increased prevalence rate after 30 years old) [1,10], cyclic recurrent menstrual pain in dysmenorrhea women may raise the risk of fibromyalgia via the aforementioned mechanisms. Moreover, the altered brain function and structures associated with repetitive pain stimuli may be reversed after pain stimuli cease [22,23,24]. Thus, treatment of dysmenorrhea might reduce the risk of fibromyalgia in dysmenorrhea patients. In the present study, we used the Longitudinal Health Insurance Database (LHID) 2000 from the Taiwan National Health Research Institutes Database (NHIRD) to investigate whether (1) women with dysmenorrhea have higher risk of fibromyalgia and (2) treatment of dysmenorrhea reduced the risk of fibromyalgia.




2. Materials and Methods


2.1. Data Source


The LHID 2000 consisted of 1 million people who were randomly selected from the NHIRD (covered 99% of the population in Taiwan) in 2000. This nationwide database contained information on medical facility registries, medication prescriptions, and outpatient, inpatient, and emergency visiting data for Taiwan’s general public. For the patients’ privacy, their diagnoses in the claims data of the NHIRD are used for administrative purposes, and anonymity of the data is ensured by assigning identification numbers.




2.2. Sample Participant


All protocols were approved by the Institutional Review Board of China Medical University Hospital, Taiwan (CMUH 104-REC2-115). This cohort study was based on the cumulative outpatients and inpatients population from LHID 2000. The inclusion criteria were patients newly diagnosed with dysmenorrhea (ICD-9-CM 625.3) who had two outpatient visits or an inpatient visit, and the study population was followed up from 1 January 2000, to 13 December 2011. We also selected a comparable control cohort of a normal population (without dysmenorrhea). The dysmenorrhea cohort was matched with the comparison cohort at a 1:1 ratio based on gender, age, and the year of entry study by frequency matching. The exclusion criteria were the patients who were aged < 12 years old or who were diagnosed with fibromyalgia (ICD-9-CM 729.1) before entry to the study. The date of diagnosis of dysmenorrhea was used as the index date, and patients were followed up until the appearance of fibromyalgia, death, withdrawal from the insurance program, or the end of the study period (31 December 2011).




2.3. Outcome, Comorbidity and Medication


The main end point of the study was fibromyalgia (ICD-9-CM 729.1). The comorbidities analyzed in this study were tobacco use disorder (ICD-9-CM 305.1), obesity (ICD-9-CM 278), menstrual migraine (ICD-9-CM 346.4), depressive disorder (ICD-9-CM 269.2, 269.3 and 311), anxiety disorder (ICD-9-CM 300), and sleep disorder (ICD-9-CM 307.4 and 780.5). The common comorbidities identified were diagnosed based on ICD-9 codes in the LHID 2000 prior to the index date. The influence of medications was also analyzed by recognition of anatomical therapeutic chemical codes in the LHID 2000. We considered the effect of drugs for the risk of the dysmenorrhea patient and listed the drugs as variables, including NSAID (e.g., ibuprofen, ketoprofen, mefenamic acid, and diclofenac), antidepressants (e.g., duloxetine and milnacipran), anticonvulsants (gabapentin and pregabalin), rofecoxib, and hormonal contraceptives (e.g., estrogen and ethinyl estradiol) [7].




2.4. Statistical Analysis


The dysmenorrhea cohort was compared with the comparison cohort concerning baseline characteristics. The Chi-squared test was used to compare categorical variables, whereas the 2-sample t-test was used to compare continuous variables between the dysmenorrhea cohort and comparison cohort where necessary. We assessed the overall and age-specific incidences of fibromyalgia for the groups with and without dysmenorrhea. Univariable and multivariable Cox proportional hazard regression models were used to assess the risk of fibromyalgia, and the hazard ratio (HR) and the 95% confidence interval (CI) were estimated. A multivariable model was performed by controlling for potential confounding variables, such as age, comorbidities of menstrual migraine, anxiety disorder, sleep disorder, NSAID use, antidepressants use, and hormonal contraceptives use. The differences in the risk of fibromyalgia between the two cohorts was estimated using Kaplan–Meier methods with the log-rank. Analyses were performed using SAS software (version 9.4 for Windows; SAS Institute, Cary, NC, USA) for Windows 10. All statistical significances were set at a p < 0.05.





3. Results


There were 38,243 subjects in the group with dysmenorrhea and 38,243 subjects in the group without dysmenorrhea, which were identified from the LHID 2000 in this study. Among the dysmenorrhea cohort, 1,991 subjects had endometriosis (ICD-9-CM 617.9). Both of the cohorts had similar proportions of age stratification. The mean ± SD ages of the study subjects were 27.2 ± 9.45 years old in the dysmenorrhea cohort and 27.2 ± 9.32 years old in the comparison cohort (p < 0.001). Patients with dysmenorrhea tended to be more likely to have obesity, menstrual migraines, depressive disorders, anxiety disorders and sleep disorders (all p < 0.001), relative to the comparison cohort. Patients with dysmenorrhea also had higher proportion of taking NSAID, antidepressants, hormonal contraceptives (all p < 0.001) and rofecoxib (p < 0.01), relative to the comparison cohort (Table 1). The mean follow-up duration was 7.76 ± 3.65 years in the dysmenorrhea cohort and 7.73 ± 3.65 years in the comparison cohort.



The overall prevalence of fibromyalgia was higher among cases in the dysmenorrhea cohort (939 fibromyalgia cases, 2.45%) than in the comparison cohort (646 fibromyalgia cases, 1.68%). The incidence rate of fibromyalgia was higher in the dysmenorrhea cohort than in the comparison cohort (3.16 vs. 2.19 per 1000 person-years). With adjustment for confounding factors, the HR for the dysmenorrhea cohort was 1.40 (95% CI = 1.26–1.55) compared to the comparison cohort. Compared to the ≤49 years old age group, the group with subjects 50–64 years old and more than 65 years old had a significant (1.47 (95% CI = 1.29–1.67), 2.49 (95% CI = 2.21–2.89), respectively) risk for fibromyalgia. Among all of the comorbidities and medications, patients with menstrual migraine and NSAID use tended to have a higher risk for the development of fibromyalgia (all p < 0.05) (Table 2).



The Kaplan–Meier analysis revealed that the dysmenorrhea cohort had a higher cumulative incidence of fibromyalgia than the comparison cohort at the end of follow-up (Figure 1; p < 0.001). More specifically, after controlling for potential confounding factors, the dysmenorrhea cohort had a significantly higher risk in age and comorbidities stratification than the non-dysmenorrhea cohort. Compared to the non-dysmenorrhea cohort, the risk of fibromyalgia for dysmenorrhea patients who were taking NSAID (adjusted HR = 1.41, 95% CI = 1.21–1.57), not taking antidepressants (adjusted HR = 1.39, 95% CI = 1.25–1.55), taking antidepressants (adjusted = 1.53, 95% CI = 1.10–2.14), not taking hormonal contraceptives (adjusted HR = 1.50, 95% CI = 1.33–1.69) and taking hormonal contraceptives (adjusted HR = 1.22, 95% CI = 1.01–1.46) were significantly higher (Table 3).



Among the dysmenorrhea cohort, 22,195 (58.0%), 28 (0.07%), and 131 (0.3%) subjects were only prescribed with NSAID, antidepressants, and hormonal contraceptives, respectively. There were 10,871 (28.4%), 1991 (5.2%), and 6 (0.01%) subjects prescribed with NSAID plus hormonal contraceptives, NSAID plus antidepressants, and antidepressants plus hormonal contraceptives, respectively. Two thousand and ninety-five (5.47%) subjects were prescribed with all three kinds of medication, and 926 (2.4%) subjects were not prescribed any of the three kinds of medication. For the effect of medications on the risk of fibromyalgia with or without dysmenorrhea, both cohorts (with or without dysmenorrhea) had a significantly higher risk of fibromyalgia as long as they were taking NSAID (adjusted HR = 2.05, 95% CI = 1.54–2.73 and adjusted HR = 1.45, 95% CI = 1.09–1.93). Compared with the patients without dysmenorrhea and not taking antidepressants, the dysmenorrhea patients who were taking antidepressants (adjusted HR = 1.38, 95% CI = 1.11–1.71) and who were not taking antidepressants (adjusted HR = 1.39, 95% CI = 1.25–1.55) also had a significant higher risk of fibromyalgia. Similarly, compared with the patients without dysmenorrhea and not taking hormonal contraceptives, the dysmenorrhea patients who were taking hormonal contraceptives (adjusted HR = 1.31, 95% CI = 1.13–1.52) and who were not taking hormonal contraceptives (adjusted HR = 1.49, 95% CI = 1.32–1.69) had a significantly higher risk of fibromyalgia. However, dysmenorrhea patients who were taking hormonal contraceptives had a significantly lower risk of fibromyalgia than who were not taking hormonal contraceptives (Table 4).




4. Discussion


In the present study, we conducted a cohort study using LHID 2000 to investigate whether treatment of dysmenorrhea can reduce the risk of fibromyalgia or not. After controlling confounding variables, our results revealed that women with dysmenorrhea have a significantly higher risk of fibromyalgia than women without dysmenorrhea. Although treatment of dysmenorrhea with NSAID or antidepressants have not significantly reduced the risk of fibromyalgia on women with dysmenorrhea, treatment with hormonal contraceptives has significantly reduced the risk on fibromyalgia on women with dysmenorrhea. These results indicated that dysmenorrhea may be a risk factor of fibromyalgia, whereas treatment of dysmenorrhea with hormonal contraceptives may reduce the risk of fibromyalgia.



As we hypothesized, women with dysmenorrhea were revealed to be at a higher risk of fibromyalgia than women without dysmenorrhea. Despite the elder age, having menstrual migraine, and taking NSAID was also associated with a higher risk of fibromyalgia; the dysmenorrhea cohort still had a 40% higher risk of fibromyalgia than the non-dysmenorrhea cohort after controlling confounding variables. The result from Kaplan–Meier analysis further revealed that the dysmenorrhea cohort had a higher incidence of fibromyalgia than the non-dysmenorrhea cohort across the follow-up period. These results indicated that dysmenorrhea may be a risk factor of fibromyalgia. Previous studies reported that women with fibromyalgia had higher prevalence rate of dysmenorrhea than the women with arthritis and the healthy controls [16,17]. A community-based telephone survey study with a larger sample size also reported that women with fibromyalgia have a higher prevalence rate of dysmenorrhea than women without fibromyalgia [25]. The tender point number on women with fibromyalgia was significantly higher in patients with dysmenorrhea than patients without dysmenorrhea [26]. Thus, the cyclic recurrent menstrual pain in dysmenorrhea might be a risk factor of fibromyalgia, which may contribute to the higher prevalence rate of fibromyalgia in women than in men.



However, only treatment with hormonal contraceptives on dysmenorrhea can significantly reduce the risk of fibromyalgia. Neither treatment with NSAID or treatment with antidepressants on dysmenorrhea can reduce the risk of dysmenorrhea. These results may partly be due to a bias; the records of dysmenorrhea patients in the LHID 2000 may represent a population with moderate to severe dysmenorrhea. Previous studies have reported that the majority of women with dysmenorrhea do not seek health care from physicians and tend to self-manage the condition [27,28,29]. For the patients who did seek health care from physicians, the symptoms of dysmenorrhea were more severe than the patients who did not seek health care from physicians [28,30,31]. The severity of dysmenorrhea may influence the treatment strategy from the physicians. The first-line pharmacological treatment for dysmenorrhea is NSAID. If the NSAID treatment is ineffective to manage dysmenorrhea, treatment with hormonal contraceptives or antidepressants can be considered [6,7]. One study has reported that both treatment with NSAID and with oral contraceptive pills has less effectiveness for treating severe dysmenorrhea than mild dysmenorrhea [8]. Thus, the possible population bias of dysmenorrhea in the LHID 2000 may explain the higher risk of fibromyalgia in the dysmenorrhea cohort than the non-dysmenorrhea cohort, even with the treatment of NSAID, antidepressants or hormonal contraceptives. On the other hand, the risk of fibromyalgia was significantly decreased when dysmenorrhea was treated with hormonal contraceptives compared to treatment without hormonal contraceptives. Considering that the treatment of hormonal contraceptives is the second-line treatment of primary dysmenorrhea and first-line treatment of secondary dysmenorrhea [6], the treatment with hormonal contraceptives may be effectively treatment in primary dysmenorrhea patient who fail to respond to the treatment of NSAID and in secondary dysmenorrhea patients who have endometriosis, which then decreased the risk of fibromyalgia.



Several limitations in the present study should be noted. Firstly, the LHID 2000 lacks detailed patient information (e.g., lifestyles, nutrition status, and physical, mental and laboratory examinations) which may also influence the risk of fibromyalgia, although the strangest risk factors have been partially controlled in the present study. Secondly, we used ICD-9-CM code to identify the dysmenorrhea and fibromyalgia, without any information about the severity of dysmenorrhea and fibromyalgia. The confounding by indication (treatment procedural considered by the baseline severity) may bias the medication prescription, although most dysmenorrhea patients have been prescribed with NSAID and NSAID plus hormonal contraceptives. Thirdly, no information for the treatment efficacy of dysmenorrhea was available in the LHID 2000, which prevented further evaluation for the effect of medication on the risk of fibromyalgia in dysmenorrhea patients. Future prospective studies should be conducted to identify the causes and prevention strategies in detail.




5. Conclusions


In conclusion, our results demonstrated that women with dysmenorrhea have a higher risk of fibromyalgia than women without dysmenorrhea, indicating that dysmenorrhea may be a risk factor of fibromyalgia. However, only treatment of dysmenorrhea with hormonal contraceptives reduced the risk of fibromyalgia, suggested that personalized medicine for treatment of dysmenorrhea may be important to reduce the risk of fibromyalgia. Future studies are needed to identify the causes and prevention strategies in detail.







Author Contributions


Conceptualization, C.-H.T. and Y.-H.C.; methodology, W.-C.S.; formal analysis, C.-L.L.; data curation, C.-L.L.; writing—original draft preparation, C.-H.T. and C.-L.L.; writing—review and editing, C.-H.T., Y.-H.C. and S.-T.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Ministry of Science and Technology, Taiwan (MOST 106-2314-B-039-012, 107-2314-B-039-058-MY2, and 109-2320-B-039-043), China Medical University, Taiwan (CMU 102-ASIA-19, 107-N-24, 108-MF-03, and 109-MF-56). The APC was funded by the Ministry of Science and Technology, Taiwan.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Ju, H.; Jones, M.; Mishra, G. The prevalence and risk factors of dysmenorrhea. Epidemiol. Rev. 2014, 36, 104–113. [Google Scholar] [CrossRef] [PubMed]

	



Bettendorf, B.; Shay, S.; Tu, F. Dysmenorrhea: Contemporary perspectives. Obstet. Gynecol. Surv. 2008, 63, 597–603. [Google Scholar] [CrossRef] [PubMed]

	



Woosley, J.A.; Lichstein, K.L. Dysmenorrhea, the menstrual cycle, and sleep. Behav. Med. 2014, 40, 14–21. [Google Scholar] [CrossRef] [PubMed]

	



Mannix, L.K. Menstrual-related pain conditions: Dysmenorrhea and migraine. J. Womens Health 2008, 17, 879–891. [Google Scholar] [CrossRef]

	



Al-Jefout, M.; Seham, A.F.; Jameel, H.; Randa, A.Q.; Ola, A.M.; Oday, A.M.; Luscombe, G. Dysmenorrhea: Prevalence and Impact on Quality of Life among Young Adult Jordanian Females. J. Pediatr. Adolesc. Gynecol. 2015, 28, 173–185. [Google Scholar] [CrossRef]

	



Osayande, A.S.; Mehulic, S. Diagnosis and initial management of dysmenorrhea. Am. Fam. Physician 2014, 89, 341–346. [Google Scholar]

	



Dawood, M.Y. Primary dysmenorrhea: Advances in pathogenesis and management. Obstet. Gynecol. 2006, 108, 428–441. [Google Scholar] [CrossRef]

	



Chen, C.X.; Carpenter, J.S.; LaPradd, M.; Ofner, S.; Fortenberry, J.D. Perceived Ineffectiveness of Pharmacological Treatments for Dysmenorrhea. J. Womens Health 2020. [Google Scholar] [CrossRef]

	



Li, R.; Li, B.; Kreher, D.A.; Benjamin, A.R.; Gubbels, A.; Smith, S.M. Association between dysmenorrhea and chronic pain: A systematic review and meta-analysis of population-based studies. Am. J. Obstet. Gynecol. 2020, 223, 350–371. [Google Scholar] [CrossRef]

	



Walitt, B.; Nahin, R.L.; Katz, R.S.; Bergman, M.J.; Wolfe, F. The Prevalence and Characteristics of Fibromyalgia in the 2012 National Health Interview Survey. PLoS ONE 2015, 10, e0138024. [Google Scholar] [CrossRef]

	



Wolfe, F.; Clauw, D.J.; Fitzcharles, M.A.; Goldenberg, D.L.; Häuser, W.; Katz, R.L.; Mease, P.J.; Russell, A.S.; Russell, I.J.; Walitt, B. 2016 Revisions to the 2010/2011 fibromyalgia diagnostic criteria. Semin. Arthritis Rheum. 2016, 46, 319–329. [Google Scholar] [CrossRef] [PubMed]

	



Beyazal, M.S.; Tufekci, A.; Kirbas, S.; Topaloglu, M.S. The Impact of Fibromyalgia on Disability, Anxiety, Depression, Sleep Disturbance, and Quality of Life in Patients with Migraine. Arch. Neuropsychiatr. 2018, 55, 140–145. [Google Scholar] [CrossRef]

	



Creed, F. A review of the incidence and risk factors for fibromyalgia and chronic widespread pain in population-based studies. Pain 2020, 161, 1169–1176. [Google Scholar] [CrossRef] [PubMed]

	



Macfarlane, G.J.; Kronisch, C.; Dean, L.E.; Atzeni, F.; Hauser, W.; Fluss, E.; Choy, E.; Kosek, E.; Amris, K.; Branco, J.; et al. EULAR revised recommendations for the management of fibromyalgia. Ann. Rheum. Dis. 2017, 76, 318–328. [Google Scholar] [CrossRef] [PubMed]

	



Kwiatek, R. Treatment of fibromyalgia. Aust. Prescr. 2017, 40, 179–183. [Google Scholar] [CrossRef] [PubMed]

	



Poyhia, R.; Da Costa, D.; Fitzcharles, M.A. Previous pain experience in women with fibromyalgia and inflammatory arthritis and nonpainful controls. J. Rheumatol. 2001, 28, 1888–1891. [Google Scholar]

	



Yunus, M.B.; Masi, A.T.; Aldag, J.C. A controlled study of primary fibromyalgia syndrome: Clinical features and association with other functional syndromes. J. Rheumatol. Suppl. 1989, 19, 62–71. [Google Scholar]

	



Denk, F.; McMahon, S.B.; Tracey, I. Pain vulnerability: A neurobiological perspective. Nat. Neurosci. 2014, 17, 192–200. [Google Scholar] [CrossRef]

	



Baliki, M.N.; Apkarian, A.V. Nociception, Pain, Negative Moods, and Behavior Selection. Neuron 2015, 87, 474–491. [Google Scholar] [CrossRef]

	



As-Sanie, S.; Harris, R.E.; Napadow, V.; Kim, J.; Neshewat, G.; Kairys, A.; Williams, D.; Clauw, D.J.; Schmidt-Wilcke, T. Changes in regional gray matter volume in women with chronic pelvic pain: A voxel-based morphometry study. Pain 2012, 153, 1006–1014. [Google Scholar] [CrossRef]

	



Tu, C.H.; Niddam, D.M.; Yeh, T.C.; Lirng, J.F.; Cheng, C.M.; Chou, C.C.; Chao, H.T.; Hsieh, J.C. Menstrual pain is associated with rapid structural alterations in the brain. Pain 2013, 154, 1718–1724. [Google Scholar] [CrossRef] [PubMed]

	



Seminowicz, D.A.; Wideman, T.H.; Naso, L.; Hatami-Khoroushahi, Z.; Fallatah, S.; Ware, M.A.; Jarzem, P.; Bushnell, M.C.; Shir, Y.; Ouellet, J.A.; et al. Effective treatment of chronic low back pain in humans reverses abnormal brain anatomy and function. J. Neurosci. 2011, 31, 7540–7550. [Google Scholar] [CrossRef] [PubMed]

	



Teutsch, S.; Herken, W.; Bingel, U.; Schoell, E.; May, A. Changes in brain gray matter due to repetitive painful stimulation. Neuroimage 2008, 42, 845–849. [Google Scholar] [CrossRef] [PubMed]

	



Bingel, U.; Herken, W.; Teutsch, S.; May, A. Habituation to painful stimulation involves the antinociceptive system–a 1-year follow-up of 10 participants. Pain 2008, 140, 393–394. [Google Scholar] [CrossRef]

	



Shaver, J.L.; Wilbur, J.; Robinson, F.P.; Wang, E.; Buntin, M.S. Women’s health issues with fibromyalgia syndrome. J. Womens Health 2006, 15, 1035–1045. [Google Scholar] [CrossRef]

	



Rios, G.; Estrada, M.; Mayor, A.M.; Vila, L.M. Factors associated with tender point count in Puerto Ricans with fibromyalgia syndrome. P. R. Health Sci. J. 2014, 33, 112–116. [Google Scholar]

	



Chen, C.X.; Kwekkeboom, K.L.; Ward, S.E. Beliefs About Dysmenorrhea and Their Relationship to Self-Management. Res. Nurs. Health 2016, 39, 263–276. [Google Scholar] [CrossRef]

	



Tanaka, E.; Momoeda, M.; Osuga, Y.; Rossi, B.; Nomoto, K.; Hayakawa, M.; Kokubo, K.; Wang, E.C. Burden of menstrual symptoms in Japanese women–an analysis of medical care-seeking behavior from a survey-based study. Int. J. Womens Health 2013, 6, 11–23. [Google Scholar] [CrossRef]

	



Hewison, A.; van den Akker, O.B. Dysmenorrhoea, menstrual attitude and GP consultation. Br. J. Nurs. 1996, 5, 480–484. [Google Scholar] [CrossRef]

	



Thompson, M.L.; Gick, M.L. Medical care-seeking for menstrual symptoms. J. Psychosom. Res. 2000, 49, 137–140. [Google Scholar] [CrossRef]

	



Busch, C.M.; Costa, P.T., Jr.; Whitehead, W.E.; Heller, B.R. Severe perimenstrual symptoms: Prevalence and effects on absenteeism and health care seeking in a non-clinical sample. Women Health 1988, 14, 59–74. [Google Scholar] [CrossRef] [PubMed]








[image: Jpm 10 00280 g001 550] 





Figure 1. Cumulative incidence comparison of fibromyalgia for patients with (dashed line) or without (solid line) dysmenorrhea. 
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Table 1. Demographic characteristics and comorbidities in cohorts with and without dysmenorrhea.
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Dysmenorrhea

	
p-Value




	
No (N = 38,243)

	
Yes (N = 38,243)






	
Age

	

	

	
0.99




	
 ≤49

	
18,423 (48.2%)

	
18,428 (48.2%)

	




	
 50–64

	
11,087 (29.0%)

	
11,087 (29.0%)

	




	
 65+

	
8728 (22.8%)

	
8728 (22.8%)

	




	
 Mean ± SD †

	
27.2 ± 9.45

	
27.2 ± 9.32

	
<0.001




	
Comorbidity

	

	

	




	
 Tobacco use disorder

	
96 (0.25%)

	
117 (0.31%)

	
0.15




	
 Obesity

	
387 (1.01%)

	
588 (1.54%)

	
<0.001




	
 Menstrual migraine

	
590 (1.54%)

	
1318 (3.45%)

	
<0.001




	
 Depressive disorder

	
818 (2.14%)

	
1184 (3.10%)

	
<0.001




	
 Anxiety disorder

	
2164 (5.66%)

	
3572 (9.34%)

	
<0.001




	
 Sleep disorder

	
2802 (7.33%)

	
5662 (14.8%)

	
<0.001




	
Medication

	

	

	




	
 NSAID

	
34,639 (90.6%)

	
37,152 (97.2%)

	
<0.001




	
 Antidepressants

	
2862 (7.48%)

	
4120 (10.8%)

	
<0.001




	
 Anticonvulsants

	
50 (0.13%)

	
45 (0.12%)

	
0.61




	
 Hormonal contraceptives

	
9092 (23.8%)

	
13,103 (34.3%)

	
<0.001




	
 Rofecoxib

	
54 (0.14%)

	
84 (0.22%)

	
0.01








All categorical variables were tested by Chi-Squared Test. †: tested by 2-sample t-test; SD: standard deviation; NSAID: nonsteroidal anti-inflammatory drugs.
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Table 2. Incidence and hazard ratio for the risk factors of fibromyalgia.
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	Variable
	Event
	PY
	Rate
	Crude HR (95% CI)
	Adjusted HR (95% CI)





	Dysmenorrhea
	
	
	
	
	



	 No
	646
	295,539
	2.19
	1.00
	1.00



	 Yes
	939
	296,925
	3.16
	1.45 (1.31, 1.60) ***
	1.40 (1.26, 1.55) ***



	Age, year
	
	
	
	
	



	 ≤49
	530
	295,006
	1.80
	1.00
	1.00



	 50–64
	452
	167,646
	2.70
	1.50 (1.32, 1.70) ***
	1.47 (1.29, 1.67) ***



	 65+
	603
	129,812
	4.65
	2.57 (2.29, 2.89) ***
	2.4 (2.21, 2.82) ***



	Comorbidity
	
	
	
	
	



	 Tobacco use disorder
	
	
	
	
	



	 No
	1582
	591,493
	2.67
	1.00
	1.00



	 Yes
	3
	971
	3.09
	1.10 (0.36, 3.41)
	NE



	Obesity
	
	
	
	
	



	 No
	1564
	586,142
	2.67
	1.00
	1.00



	 Yes
	21
	6322
	3.32
	1.23 (0.80, 1.89)
	NE



	Menstrual migraine
	
	
	
	
	



	 No
	1520
	579,465
	2.62
	1.00
	1.00



	 Yes
	65
	12,999
	5.00
	1.89 (1.47, 2.42) ***
	1.39 (1.08, 1.80) *



	Depressive disorder
	
	
	
	
	



	 No
	1540
	579,230
	2.66
	1.00
	1.00



	 Yes
	45
	13,234
	3.40
	1.26 (0.94, 1.70)
	NE



	Anxiety disorder
	
	
	
	
	



	 No
	1418
	551,049
	2.57
	1.00
	1.00



	 Yes
	167
	41,415
	4.03
	1.56 (1.33, 1.83) ***
	1.10 (0.92, 1.33)



	Sleep disorder
	
	
	
	
	



	 No
	1364
	536,965
	2.54
	1.00
	1.00



	 Yes
	221
	55,499
	3.98
	1.54 (1.34, 1.78) ***
	1.07 (0.92, 1.25)



	Medication
	
	
	
	
	



	 NSAID
	
	
	
	
	



	 No
	68
	45,460
	1.50
	1.00
	1.00



	 Yes
	1517
	547,004
	2.77
	1.82 (1.43, 2.32) ***
	1.55 (1.21, 1.99) ***



	Antidepressants
	
	
	
	
	



	 No
	1418
	544,904
	2.60
	1.00
	1.00



	 Yes
	167
	47,560
	3.51
	1.33 (1.14, 1.57) ***
	0.97 (0.81, 1.16)



	Anticonvulsants
	
	
	
	
	



	 No
	1585
	592,036
	2.68
	1.00
	1.00



	 Yes
	0
	428
	0.00
	NE
	NE



	Hormonal contraceptives
	
	
	
	
	



	 No
	1078
	429,309
	2.51
	1.00
	1.00



	 Yes
	507
	163,155
	3.11
	1.23 (1.11, 1.37) ***
	0.97 (0.87, 1.09)



	Rofecoxib
	
	
	
	
	



	 No
	1584
	591,491
	2.68
	1.00
	1.00



	 Yes
	1
	973
	1.03
	0.38 (0.05, 2.69)
	NE







PY: total person-year; Rate, incidence rate, per 1000 person-years; Crude HR, relative hazard ratio; Adjusted HR: hazard ratio from multivariable analysis including age, comorbidities of menstrual migraine, anxiety disorder, sleep disorder, and medication of NSAID, antidepressants, and hormonal contraceptives as confounding variables. CI: confidence interval; NSAID: nonsteroidal anti-inflammatory drugs; NE: not estimable; *: p < 0.05; ***: p < 0.001.
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Table 3. Incidence and hazard ratio of fibromyalgia for patients with or without dysmenorrhea.
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Dysmenorrhea

	
Dysmenorrhea to Non-Dysmenorrhea




	
Variables

	
No

	
Yes




	

	
Event

	
PY

	
Rate

	
Event

	
PY

	
Rate

	
Crude HR (95% CI)

	
Adjusted HR (95% CI)






	
Stratify age

	

	

	

	

	

	

	

	




	
 ≤49

	
213

	
147,126

	
1.45

	
317

	
147,880

	
2.14

	
1.48 (1.25, 1.76) ***

	
1.41 (1.18, 1.68) ***




	
 50–64

	
175

	
83,458

	
2.10

	
277

	
84,189

	
3.29

	
1.57 (1.30, 1.90) ***

	
1.50 (1.23, 1.82) ***




	
 65+

	
258

	
64,956

	
3.97

	
345

	
64,856

	
5.32

	
1.34 (1.14, 1.57) ***

	
1.30 (1.10, 1.53) **




	
Comorbidity ‡

	

	

	

	

	

	

	

	




	
 No

	
552

	
265,624

	
2.08

	
702

	
239,716

	
2.93

	
1.41 (1.26, 1.58) ***

	
1.42 (1.27, 1.59) ***




	
 Yes

	
94

	
29,915

	
3.14

	
237

	
57,208

	
4.14

	
1.33 (1.05, 1.69) *

	
1.37 (1.07, 1.74) *




	
Medication

	

	

	

	

	

	

	

	




	
 NSAID

	

	

	

	

	

	

	

	




	
 No

	
51

	
34,567

	
1.48

	
17

	
10,894

	
1.56

	
1.06 (0.61, 1.83)

	
1.14 (0.65, 2.00)




	
 Yes

	
595

	
260,973

	
2.28

	
922

	
286,031

	
3.22

	
1.42 (1.28, 1.57) ***

	
1.41 (1.27, 1.57) ***




	
Antidepressants

	

	

	

	

	

	

	

	




	
 No

	
595

	
276,548

	
2.15

	
823

	
268,356

	
3.07

	
1.43 (1.28, 1.58) ***

	
1.39 (1.25, 1.55) ***




	
 Yes

	
51

	
18,991

	
2.69

	
116

	
28,568

	
4.06

	
1.53 (1.10, 2.13) *

	
1.53 (1.10, 2.14) *




	
Hormonal contraceptives

	

	

	

	

	

	

	

	




	
 No

	
467

	
230,959

	
2.02

	
611

	
198,351

	
3.08

	
1.52 (1.35, 1.72) ***

	
1.50 (1.33, 1.69) ***




	
 Yes

	
179

	
64,581

	
2.77

	
328

	
98,573

	
3.33

	
1.22 (1.01, 1.46) *

	
1.22 (1.01, 1.46) *








PY: total person-year; Rate, incidence rate, per 1000 person-years; Crude HR, relative hazard ratio; Adjusted HR: hazard ratio from multivariable analysis including age, comorbidities of menstrual migraine, anxiety disorder, sleep disorder, and medication of NSAID, antidepressants, and hormonal contraceptives as confounding variables. CI: confidence interval; NSAID: nonsteroidal anti-inflammatory drugs; ‡: subjects with any one of the comorbidities were classified as the comorbidity group; *: p < 0.05; **: p < 0.01; ***: p < 0.001.
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Table 4. The effect of medication on the risk of fibromyalgia with or without dysmenorrhea.
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Variables

	
Event

	
PY

	
Rate

	
Adjusted HR (95% CI)

	
p for Interaction






	
Dysmenorrhea

	
NSAID

	

	

	

	

	
0.31




	
No

	
No

	
51

	
34,567

	
1.48

	
1 (Reference)

	




	
No

	
Yes

	
595

	
260,973

	
2.28

	
1.45 (1.09, 1.93) *

	




	
Yes

	
No

	
17

	
10,894

	
1.56

	
1.11 (0.64, 1.93)

	




	
Yes

	
Yes

	
922

	
286,031

	
3.22

	
2.05 (1.54, 2.73) ***

	




	
Dysmenorrhea

	
Antidepressant

	

	

	

	

	
0.72




	
No

	
No

	
595

	
276,548

	
2.15

	
1 (Reference)

	




	
No

	
Yes

	
51

	
18,991

	
2.69

	
0.91 (0.68, 1.22)

	




	
Yes

	
No

	
823

	
268,356

	
3.07

	
1.39 (1.25, 1.55) ***

	




	
Yes

	
Yes

	
116

	
28,568

	
4.06

	
1.38 (1.11, 1.71) ***

	




	
Dysmenorrhea

	
Hormonal contraceptives

	

	

	

	

	
0.04




	
No

	
No

	
467

	
230,959

	
2.02

	
1 (Reference)

	




	
No

	
Yes

	
179

	
64,581

	
2.77

	
1.09 (0.92, 1.30)

	




	
Yes

	
No

	
611

	
198,351

	
3.08

	
1.49 (1.32, 1.69) ***

	




	
Yes

	
Yes

	
328

	
98,574

	
3.33

	
1.31 (1.13, 1.52) ***

	








PY: total person-year; Rate: incidence rate, per 1000 person-years; Adjusted HR: hazard ratio from multivariable analysis including age, comorbidities of menstrual migraine, anxiety disorder, sleep disorder, and medication of NSAID, antidepressants, and hormonal contraceptives as confounding variables. CI: confidence interval; NSAID: nonsteroidal anti-inflammatory drugs; *: p < 0.05; ***: p < 0.001.
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