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Background

The prevalence of rheumatoid arthritis (RA) has significant gender and age difference. The peak age of RA is consistent with the age of menopause, which is accompanied by a sharp increase in serum follicle-stimulating hormone (FSH) level. This study aims to identify the FSH levels in female RA patients and the relationship with diseases activity.



Methods

In total, 79 female RA patients and 50 age-matched controls were included in our study. Serum sex hormones levels were measured using chemiluminescence. RA patients were grouped by FSH quartile. Disease activity and inflammatory marks were analyzed among groups.



Results

Lower sex hormones and higher gonadotropin were found in RA patients. Serum FSH level was significantly higher in RA patients than in the age-match controls (57.58 ± 15.94 vs. 43.11 ± 19.46, p=0.025). Even after adjusting for age (OR: 1.071; 95%CI: 1.006-1.139; p = 0.031), luteinizing hormone (LH), estradiol (E), and testosterone (T) OR: 1.066; 95%CI: 1.003-1.133; p = 0.039), the OR were still more than one. RA patients in the higher quartiles had higher ESR, DAS28-ESR and DAS28-CRP (p<0.05) than the lowest quartile. Besides, menopause age was significantly related with onset age in post-menopause RA patients (r = 0.432, p =0.008).



Conclusion

High FSH appears to be a risk factor for RA and is positively associated with their disease activity. Early menopause might be an essential factor of RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by synovitis, pannus formation, and the destruction of bone and cartilage (1). There are obvious gender differences in the prevalence of most autoimmune diseases, whereby females are generally more susceptible than males. For RA, the incidence in females and males was approximately 2-4:1 (2). The average age at diagnosis of RA patients is 40-60 years, which is consistent with the age of menopause. Early menopause has been reported as an independent risk factor for RA (3). Menopause-related sex hormones are believed to play an essential role in the pathogenesis of RA.

The decline in estrogen is the most prominent feature of menopause and has been considered the leading cause of menopausal complications in the past few decades (4, 5). Estrogen has complex pro-inflammatory and anti-inflammatory roles, which vary by the doses or receptor subtypes. Low levels of estrogens after menopause stimulate pro-inflammatory pathways and enhance proinflammatory cytokine production, whereas high levels can boost Th-2 anti-inflammatory pathways and humoral immunity (6). However, the effect of exogenous estrogen on RA has been reported with controversial results. Early studies have shown that exogenous estrogen has a protective impact on RA (7, 8). These findings were questioned by subsequent studies (9, 10). A meta-analysis of 12 studies reveals that oral contraceptives have no protective effect on the risk of RA in women (11). In addition, postmenopausal hormone therapy (PTH) has not been proved to improve joint pain scores, swelling and prevent new joint pains in RA patients. Besides, antihormonal treatment for breast cancer patients does not seem to increase the risk of RA (12). These findings indicated that factors other than estrogen could also cause autoimmune disorders in RA patients after menopause.

Due to the negative feedback of the gonadal axis, the levels of FSH also increase during menopause transition (4). High FSH levels have been considered to be essential in menopausal osteoporosis, obesity, and hepatic gluconeogenesis (13). Besides, the influence of FSH on perimenopausal immune factors has also attracted attention. Some studies have found that FSH could enhance the expression of the pro-inflammatory cytokines interleukin 1 (IL-1 β), IL-6, and tumor necrosis factor α (14, 15). In this study, we investigated FSH levels in women with RA and evaluated the association between FSH and RA disease activity.



Material and Methods


Study Design and Participants

Seventy-nine female patients diagnosed with RA thirty and 50 age-matched healthy control (HC) were included in the study. This study is a prospective analysis. All patients were hospitalized in the Department of Rheumatology, Shanxi Bethune Hospital, Third Hospital of Shanxi Medical University, and met the 1986 American College of Rheumatology classification criteria. The healthy controls were obtained from the physical examination center of Children’s Hospital of Shanxi and Women Health Center of Shanxi. Participants with premature ovarian failure, bilateral ovariectomy, hormone replacement therapy, contraceptives, corticosteroids > 7.5 mg daily, or malignant tumors were excluded. The controls had no sign of arthritis or other inflammation. The study was approved by the Ethics Committee of Shanxi Bethune Hospital. Informed consent of each participant has been obtained.



Markers of Disease Activity

All data were collected from questionnaires and medical records, including age, onset age, menopause age, body mass index (BMI), patient global assessment (PGA), tender joint count (TJC), swollen joint count (SJC), rheumatoid factor (RF), erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). The 28-joint disease activity score ESR/CRP (DAS28-ESR/DAS28-CRP) was used to assess the disease activity in RA patients, calculated with PGA, TJC, SJC, ESR, and CRP.



Laboratory Testing

The blood of perimenopausal and postmenopausal women was collected randomly. Venipuncture was performed on days 3–6 of a regular menstrual cycle for premenopausal women to exclude cyclical differences in sex hormones. All blood samples were collected after overnight fasting and stored at −80°C immediately. Chemiluminescence (Cobas E601, Roche, Switzerland) was used for the quantitative determination of sex hormones, including estradiol (E), testosterone (T), progestin (PROG), FSH, luteinizing hormone (LH), prolactin (PRL).



Statistical Analyses

All data were analyzed through SPSS software for statistics (IBM SPSS 21.0, IBM Corp., Armonk, NY, USA). Continuous variables were expressed with mean and standard deviation (SD) or median and interquartile according to the normal or nonnormal distribution. Categorical variables are expressed as numbers and percentages; The Student’s t-test or the Mann–Whitney U-test was used to compare the differences between RA patients and healthy controls. A logistic regression model was used to evaluate the FSH in RA and controls with adjustments for age, E2 and T. One-way analysis of variance (ANOVA) was used to compare the clinical parameters among FSH quartiles. A Spearman rank correlation analysis was used to assess the relationship between onset age and menopause age in RA patients. All statistical tests are two-tailed, and p <0.05 is considered statistically significant.




Results


Sex Hormone Levels in RA Patients and Healthy Controls

Seventy-nine females with RA and 50 age-matched healthy women were included in the study. The sex hormone levels are shown in Table 1. There was no significant difference in BMI between groups. There was also no significant difference in E2 and PROG between patients and controls (p>0.2). However, compared with controls, there was a trend for GnRH, including FSH, LH and PRL, to be higher in patients, despite the difference in LH and PRL being insignificant. The level of FSH was significantly increased in RA patients. Besides, the T level in RA patients was significantly lower than in the control group.


Table 1 | Sex hormone levels in RA patients and healthy controls.





FSH Is an Independent Risk Factor for RA Patients

A logistic regression analysis was conducted to assess whether high FSH affects RA. As shown in Table 2, the unadjusted OR was 1.053. The OR was still higher after adjusting for age, E2 and T.


Table 2 | Logistics regression analysis of FSH levels in RA patients. *p < 0.05.





Markers of Disease Activity in RA Patients With Different FSH Levels

We divided RA patients into four groups based on the quartiles of FSH level. As shown in Table 3, the quartile ranges of FSH in RA patients were <42.88 mIU/ml (Q1), 42.88-52.97 mIU/ml (Q2), 52.97-67.78 mIU/ml (Q3) and >67.78 mIU/ml. There was no significant difference in age and E2 among the four groups. On the other hand, LH increased with FSH quartiles (p=0.037). As the FSH quartile increased, the mean values of ESR and CRP levels increased from 35.33 to 55 mg/L and 14.21 to 31.85, respectively. Similarly, DAS28-CRP and DAS28-ESR were significantly higher in the upper quartile than in the lowest quartile (Figure 1). However, there were no significant differences in markers of disease activity among quartiles 2, 3 and 4.


table 3 | Clinical characteristics and sex hormone levels in RA patients with different FSH levels.






Figure 1 | Markers of disease activity in RA patients with different FSH levels. (A) for DAS28-ESR; (B) for DAS28-CRP. *p < 0.05, **p < 0.01, ***p < 0.001.





Association Between Menopause Age and Onset Age in RA Patients

There were 46 post-menopause RA patients included in the study. To address whether menopause age correlates with onset age in RA patients, we performed a correlation analysis, and menopause age was significantly positively correlated with the age of onset of RA patients (r = 0.432, p =0.008) (Figure 2).




Figure 2 | Correlation between menopause age with the onset age of RA patients.






Discussion

Although the gender and age bias in autoimmune disease (AID) has long been documented, the mechanisms by which it occurs remain unclear. Our previous study surveyed 379 RA patients and found the female to male RA patient ratio was 2.83, and the peak age of RA females was 51-60 years (data not shown). The peak incidence of RA in women was also consistent with menopausal years in other studies (16). Autoimmune diseases are closely related to aging. They share a cassette of similar clinical symptoms, such as hair loss, osteoporosis, etc. However, this field has not caused enough attention. Autoimmune diseases and aging may share a common signal transduction pathway and mechanism of chronic inflammation. TNF-α is a classic pro-inflammatory factor, which is not only increased in most autoimmune diseases, but also significantly increased in the elderly and related degenerative diseases (17).

Menopause is accompanied by increased GnRH and decreased sex hormone due to ovarian failure. Age is an independent risk of menopause, so age-matched healthy women are selected as controls. In this study, we found that compared with the control group, female patients with RA tend to have higher GnRH and lower sex hormones, which indicates that the prevalence of ovarian failure in RA patients is high. Recently, we conducted a meta-analysis of the assessment of ovarian failure by serum anti-müllerian hormone in RA patients and obtained similar results (18). For GnRH, the increase in LH and PRL did not reach statistical significance. However, FSH was significantly increased in RA patients compared to healthy controls. A case-control study of men also found that higher FSH is related to RF-negative patients (19). However, other studies have not shown a significant difference in FSH between patients and controls (20, 21). For sex hormone, there were no significant differences in E2 and PROG between the two groups, whereas T decreased obviously in RA patients. This significant decrease was due to low E2 and PROG levels in the two groups. Androgens are considered to be immunosuppressive. And lower testosterone was also found in male RA (22, 23). Androgen deprivation therapy for prostate cancer patients was reported to have an increased risk of developing RA (24, 25). Similar to the findings in men, lower testosterone was observed to be associated with female RA patients in our study. However, contrary to previous results in men, higher levels of T were observed in postmenopausal RA patients (26). This inconsistency may be due to the heterogeneity of the disease and the enrolled patients. Larger sample sizes and different phenotypes are needed further to investigate the changes in sex hormones in RA.

We performed a multivariate logistic regression analysis to determine whether elevated FSH levels are independently associated with RA. The results showed that high circulating FSH levels were an independent risk factor for RA. After adjusting potential confounders, the risk remains. Mitra Pikwer also reported that high FSH was associated with the risk of RF-negative RA men after adjusting smoking and BMI [OR: 11.5 (1.46 to 91.1)] (19). Although they found that lower FSH was associated with the risk of RF-positive RA men, the average age of RF-negative RA was markedly higher than that of RF-positive in their study. The age of RF-negative RA is similar to patients in our study. These results indicated that high FSH might affect RA in older adults of both sexes. There is growing evidence that FSH is associated with increased risk of osteoporosis, metabolic factors, renal dysfunction in peri- and post-menopausal women (27–29). The prevalence of osteoporosis and metabolic dysfunction is also higher in RA patients. A recent study published in Nature showed brain is also a target for FSH, and FSH blockade improves cognition in mice with Alzheimer’s disease (30). High FSH may mediate these interactions.

Studies have shown that hormonal status affects the disease characteristics of women with RA. In addition to changes in hormone levels, menopause also leads to increased production of cytokines, such as IL-1, IL-6, and tumor necrosis factor (TNF) (31), which are also grown in RA patients. However, few researches have investigated the relationship between serum FSH levels and inflammatory status in perimenopausal RA women. To investigate whether FSH levels are related to the disease activity of RA, we stratified patients by FSH quartiles. Compared with other quartiles, markers of disease activity in the lowest quartile were significantly lower. A cross-sectional study found that instead of LH level, FSH levels are considerably associated with DAS28 by investigating the effects of Methotrexate (MTX) on gonadotropins in RA patients (32). AS Kass et al. further found a significant correlation between LH and FSH and other key cytokines by evaluating the serum LH, FSH levels, and 24 cytokines of 20 RA patients and 19 controls (20). These findings suggested that FSH may play a pro-inflammatory effect in RA. A recent study on apical periodontitis found that FSH aggravated inflammation by enhancing the expression of IL-1 β, IL-6, TNF and Toll-like receptor 4 in human periodontal ligament cells (15). In our follow-up study, FSH receptor expressions were also found in the various immune cell, which may mediate cell proliferation, differentiation and immune function. This may help partly explain why disease activity begins or worsens during postpartum and menopause when FSH increases. Due to the small sample size, no significant differences were observed among quartiles 2, 3 and 4, except DAS28-CRP between Q2 and Q4.

Significant changes were observed in LH in different FSH quartiles because they are similarly regulated and therefore have corresponding physiological changes. RA patients with early age at menopause had higher mean patient global and pain scores and were more likely to be a rheumatoid factor (RF) positive (33). Therefore, we performed a correlation analysis between menopause age and onset age in 46 post-menopause female RA patients and the results showed a significant positive correlation between them. However, their causal relationship needs further study.

Our study also has several limitations. Firstly, the sample size was small. Seventy-nine female RA patients were enrolled in our study, with only nearly 20 patients in each quartile. As a result, no expected trends were found in FSH quartiles 2,3 and 4. Secondly, the impact of RA treatment was not considered. Although in our previous study, DMARDs treatment had no harmful effect on the ovarian function of RA patients (18), their impact on GnRH is still unclear. More factors should be taken into account in further research. Thirdly, male patients were not included, who account for one-third of RA patients. A large-scale, randomized controlled study including males still needed to confirm the relationship between FSH and RA and disease activity.

In conclusion, high FSH seems to be a risk factor for RA and is positively associated with its disease activity. Despite the fact that the extragonadal effects of FSH have been studied in various menopausal symptoms, few studies have investigated the function and changes of serum FSH in women with RA. The mechanism of gender and age bias in autoimmune diseases is still not fully elucidated. Our findings provide new insight into the pathogenesis of RA. Inhibition of FSH levels may be a targeted therapy for RA.
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Healthy control (n=50) P-value
Age (years) 57.07 + 4.763 55.69 + 4.127 0.505
BMI (kg/m2) 22.92 +2.93 23.59 + 3.15 0.475
Menopause n (%) 46(58.23) 28(54) 0.637
E2 (pmol/L) 18.35(18.35-39.10) 24.98(18.35-31.63) 0.323
T (nmol/L) 0.11(0.09-0.53) 0.61(0.28-0.67) 0.028"
PROG (ng/mli) 0.15+£0.12 0.24 +0.46 0.235
FSH (mIU/mi) 57.58 + 15.94 43.11 £ 19.46 0.025*
LH (mIU/mi) 385.25 £ 15.16 25.08 + 14.69 0.128
PRL (Uiu/ml) 329.0(277.43-420.15) 237.85(196.78-344.30) 0.143

All data are expressed as mean + SD or median (interquartile range). *p < 0.05.





