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Female reproductive status and exogenous sex
hormone use in rheumatoid arthritis patients treated
with tocilizumab and csDMARDs
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Abstract
Objectives. Sex is well known to influence risk, severity and treatment outcomes of RA, although the underlying
causes are uncertain. The aim of this research was to examine whether factors influencing female sex hormones
(reproductive status and exogenous sex hormone use) are associated with the efficacy of DMARDs.
Methods. Individual participant data were pooled from five phase 3 clinical trials where RA patients were treated
with tocilizumab and/or conventional synthetic DMARDs. The primary outcome was the time to first remission
according to the Simplified Disease Activity Index. The relationship between menopausal status or use of exogenous
sex hormones and the time of first remission was assessed via Cox proportional analysis. Analysed data included
sex, baseline menopausal status (premenopausal, perimenopausal, early postmenopausal and postmenopausal),
participant age, body mass index, race, number of previous DMARDs and baseline disease activity.
Results. Analysis included 4474 female patients, of whom 2817 (62.9%) were postmenopausal, 202 (4.5%) were
early postmenopausal, 1021 (22.8%) were premenopausal and 414 (9.2%) were perimenopausal. Of these, 221
(7.8%), 13 (6.4%), 255 (25%) and 47 (11.4%), respectively, were taking exogenous sex hormones. In the pooled
analysis, perimenopausal status was associated with reduced remission compared with premenopausal status
[adjusted HR 0.78 (95% CI 0.61, 0.99)]. Sex hormone use was associated with significantly higher remission
[adjusted HR 1.20 (95% CI 1.01, 1.43)].
Conclusion. Perimenopausal women were less likely to achieve remission compared with premenopausal RA
patients. The use of exogenous sex hormones appeared to be associated with more frequent remission in female
RA patients, particularly those who were perimenopausal and early postmenopausal, although further research is
required to confirm and identify the drivers for this observation and how it interacts with menopausal status.
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Introduction

RA is an autoimmune inflammatory disease that is char-
acterized by articular and extra-articular complications
that are associated with permanent disability and
increased mortality [1]. Two broad strategies have been
recommended by the ACR and EULAR for the treatment
of RA patients: monotherapy with conventional synthetic
DMARDs (csDMARDs; i.e. MTX, HCQ, SSZ or LEF) or
combination therapy that includes two or more
csDMARDs [2, 3]. Whatever initial therapy is used, a
treat-to-target approach is advocated, whereby doses
are increased and/or DMARDs added until the desired
level of disease activity is achieved [4]. The aim of this
treatment is generally to achieve remission as soon as
possible [5]. The 2011 ACR/EULAR guidelines provide
two definitions of remission for use in clinical trials. One
is a Boolean-based definition that defines remission as a
disease state where both swollen joint count (SJC) and
tender joint count (TJC) using 28-joint counts are �1,
CRP is �1 mg/dl and patient global assessment of dis-
ease is �1 cm (on a 0–10 cm visual analogue scale). The
other definition is based on the Simplified Disease
Activity Index (SDAI), which is reported using a

continuous scale and incorporates SJC, TJC, CRP and
patient and physician global assessment of disease ac-
tivity, whereby remission is defined as a score of �3.3
[6]. Other indices that have been widely used in defining
remission are the Clinical Disease Activity Index (CDAI
�2.8), where the CDAI is identical to the SDAI except
CRP is not included, and the 28-joint DAS with ESR
(DAS28-ESR �2.6), which is calculated using SJC, TJC,
patient global assessment and ESR [6].

RA is more prevalent in females than males with a 4
female:1 male ratio at younger ages (<50 years old) and
a 2:1 ratio at older ages (>60 years) [7]. Compared with
males, females tend to have higher DASs, worse prog-
nosis [8–10] and are less likely to achieve remission
[11, 12]. Although the cause of these sex-based differ-
ences is unknown, they indicate a potential impact of
sex-related factors (i.e. reproductive status and sex
hormones) on RA treatment outcome.

Premenopausal female RA patients have reported
greater functional improvement (measured by the HAQ)
in response to DMARD treatment compared with post-
menopausal women [13, 14]. The peak age of onset of
RA among females is 45–55 years, corresponding with
the perimenopausal period [15, 16], which is associated
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. Perimenopausal women with RA were less likely to achieve remission compared to premenopausal women.

. Perimenopausal and early postmenopausal RA patients taking exogenous sex hormones had an improved
likelihood of remission.

. Exogenous sex hormone use was not associated with remission likelihood in postmenopausal RA patients.
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with physiological and hormonal changes, including a
decline in systemic oestrogen concentrations.
Furthermore, at the onset of menopause there is an in-
crease in pro-inflammatory cytokines such as IL-6 and
TNF-a [17–19] that are the target of highly effective
pharmacological agents [i.e. anti-IL-6 agents such as
tocilizumab (TCZ) and anti-TNF agents]. Early meno-
pause (i.e. <45 years) increases the risk of developing
RA [20]. Pregnancy is also associated with substantial
changes in systemic hormone exposure, and throughout
pregnancy disease activity decreases in �50% of
women, but conversely it increases in 90% of women
during the post-partum period [21–23].

Exogenous sex hormone use has been hypothesized
as having a protective role in RA, but findings from vari-
ous studies are inconsistent [24]. While exogenous oes-
trogen may not reduce the risk of RA, it may improve
treatment outcomes [24]. Sex hormone replacement in
postmenopausal women with RA has been found to
have beneficial effects, including improved bone mineral
density [25, 26] and decreased inflammatory mediators
and disease activity [26].

Associations have been observed between gender,
menopausal status and exogenous sex steroid exposure
with RA onset and prognosis, and there is a potential
role of inflammatory cytokines that are directly affected
by commonly used DMARDs. As such, the aim of this
study was to use data from five phase 3 randomized
controlled trials (RCTs) to investigate the association be-
tween female reproductive status and the use of exogen-
ous sex hormones with the likelihood of achieving
remission in RA patients after initiation of csDMARDs
and/or TCZ.

Patients and methods

Patient population

Individual participant data were pooled from five phase 3
RCTs fLITHE [27] (clinicaltrials.gov identifier number
NCT00106535), AMBITION [28] (NCT00109408),
TOWARD [29] (NCT00106574), FUNCTION [30]
(NCT01007435) and SUMMACTA [31] (NCT01194414)g.
In these trials, patients with moderately to severely active
RA received either csDMARDs or TCZ (4 or 8 mg/kg
once every 4 weeks, either as monotherapy or in com-
bination with csDMARDs, mainly MTX). All studies
included patients with inadequate response to one or
more DMARD, except FUNCTION, which included
patients who were MTX and biological DMARD naı̈ve.
Background use of systemic corticosteroids or NSAIDs
were permitted in all trials.

Data were accessed according to Hoffmann-La Roche
policy and have been made available through Vivli (www.
vivli.org). All studies were conducted in accordance with
the International Conference on Harmonization Good
Clinical Practice Guideline and the ethical principles of
the Declaration of Helsinki. Written informed consent
was obtained from all patients prior to enrolment.

Female reproductive status subgroups and
exogenous sex hormone use

Four baseline reproductive status groups were derived
from available data on menopausal status (pre- or post-)
and age (<45 years or �45 years) (Fig. 1). The method
used to determine menopausal status was not stated for
each included trial and groups were defined as premeno-
pausal (premenopausal with an age <45 years), peri-
menopausal (premenopausal with an age �45 years [32]),
early postmenopausal (postmenopausal with an age
<45 years [33]) and postmenopausal (postmenopausal
with an age �45 years).

Data on concomitant use of exogenous sex hormones
(any dose or route of administration of oestrogen or/and
progesterone) was also available at baseline—this was
mainly hormone replacement therapy and contraception.

Predictors and outcomes

Baseline demographic, clinical and disease characteris-
tics were available for analysis. Disease activity meas-
ures (SDAI, CDAI and DAS28-ESR and their individual
components) were collected at baseline (i.e. at the initi-
ation of RA therapy) and followed over the duration of
the trials. The primary outcome was the time to first RA
disease remission according to the SDAI [6]. The time to
first RA disease remission according to the CDAI and
DAS28-ESR were secondary outcomes [6]. Exploratory
outcomes were the time to achieve remission for the in-
dividual components of SDAI, CDAI and DAS28-ESR,
which were prespecified as TJC �1, SJC �1, CRP
�1 mg/dl [6], which corresponds approximately to ESR
<30 mm/h (i.e. CRP <1 mg/dl) among female patients [6,
34] and physician and patient assessment of disease ac-
tivity <1 on a 10 cm visual analogue scale [6]. Patients
who had not achieved remission were censored at the
last known date of follow-up or at the recorded date of
death. Female reproductive status and exogenous sex
hormone use at baseline were assessed as the primary
predictors of remission.

Statistical analysis

The relationship between female reproductive status and
exogenous sex hormone use with SDAI, CDAI or DAS28-
ESR remission likelihood was assessed via Cox propor-
tional hazards analysis. Analyses of the association of
reproductive status with the exploratory individual com-
ponents of the SDAI, CDAI and DAS28-ESR (i.e. TJC,
SJC, CRP, ESR and physician and patient assessments
of disease activity) were conducted. Exploration of the
association between exogenous sex hormone use
according to reproductive status subgroup with remis-
sion likelihood according to SDAI, CDAI and DAS28-ESR
were also assessed.

All analyses were adjusted for potentially confounding
factors (e.g. BMI, race, RA disease duration, number of
previous DMARDs, exogenous vitamin D use, use of sys-
temic corticosteroids and baseline RF and ACPA status).
Associations were reported as hazard ratios (HRs) with
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95% CIs. Statistical significance was set at P<0.05.
Complete case analyses were conducted. All analyses
were stratified by study and treatment arm. The hetero-
geneity of the association of female reproductive status
and exogenous sex hormone use with remission accord-
ing to treatment and study was assessed using a treat-
ment�biomarker interaction term in the Cox
proportional regression model. Kaplan–Meier analysis
was used for plotting and estimating remission probabil-
ities. Baseline patient characteristics were summarized
by calculating the frequency (%) for binary variables and
the median [interquartile range (IQR)] for continuous vari-
ables. All analyses were conducted using R version 3.4.3
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Patient demographics and baseline characteristics

Baseline and demographic characteristics by study, re-
productive status and exogenous sex hormone use are
summarized in Supplementary Tables S1–S3, respective-
ly (available at Rheumatology online). The analysis
included data from 4474 female participants, of which
3347 (75%) received TCZ 6 csDMARDs and 1127 (25%)
received csDMARDs alone. A total of 1021 (23%) partici-
pants were premenopausal and 415 (9%) were peri-
menopausal. Of the premenopausal participants, 255
(25%) were using exogenous sex hormones and 47
(11%) of the perimenopausal participants were using ex-
ogenous sex hormones. A total of 2817 (63%) of the
participants were postmenopausal and 202 (5%) were

early postmenopausal, of whom 221 (8%) and 13 (6.4%)
were using exogenous sex hormones, respectively.
SDAI, CDAI and DAS28-ESR at baseline were missing
for 42, 40 and 57 patients, respectively, and for the
SDAI, CDAI and DAS28-ESR adjusted analysis, 166
(3.7%), 135 (3%) and 154 (3.4%) patients, respectively,
were excluded due to missing adjustment data.

The median follow-up was 260 weeks in LITHE,
24 weeks in AMBITION, 24 weeks in TOWARD, 52 weeks
in FUNCTION and 97 weeks in SUMMACTA.

Association between female reproductive status and
remission

Adjusted analysis indicated that reproductive status was
not associated with SDAI remission (P¼0.234), however,
the association was significant with remission defined by
CDAI (P¼ 0.018) and DAS28-ESR (P< 0.001) (Table 1). A
primary driver of the associations was the consistent re-
lationship between perimenopausal status and reduced
remission fdefined by SDAI [HR 0.78 (95% CI 0.61,
0.99)], CDAI [0.69 (0.55, 0.87)] and DAS28-ESR [0.68
(0.57, 0.81)]g compared with the premenopausal group.
Further, the postmenopausal group also trended towards
reduced remission according to the SDAI [HR 0.86 (95%
CI 0.67, 1.09)], CDAI [0.82 (0.65, 1.02)] and DA28-ESR
[0.84 (0.70, 0.99)] compared with the premenopausal
group. Kaplan–Meier estimates of remission rate accord-
ing to reproductive status are presented in Fig. 2. These
Kaplan–Meier curves demonstrate that, immediately after
initiation of therapy, remission appears higher in preme-
nopausal compared with early postmenopausal women,
but over time and after consideration of other variables,

FIG. 1 Patients included in the analysis

Dala N. Daraghmeh et al.

586 https://academic.oup.com/rheumatology

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/62/2/583/6613129 by Flinders U
niversity user on 14 February 2023

https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac357#supplementary-data


no difference was apparent (Table 1). Supplementary
Table S4, available at Rheumatology online, presents
univariable Cox regression analyses.

No significant heterogeneity between reproductive
status and remission was observed between studies
(P> 0.05) (Supplementary Table S5, available at
Rheumatology online). The test for interaction between
female reproductive status subgroups and treatment al-
location (i.e. TCZ 6 csDMARDs vs csDMARDs alone)
was not significant using SDAI-, CDAI- and DAS28-ESR-
defined remission (P for interaction> 0.1; Supplementary
Table S6, available at Rheumatology online). Exploratory
analysis indicated that perimenopausal women were
more likely to have CRP <1 compared with premeno-
pausal women, whereas they were less likely to have a
TJC <1 and physician assessment of disease activity
<1 cm (Supplementary Table S7, available at
Rheumatology online).

Association between exogenous sex hormone use
and remission

On adjusted analysis, female participants who were
taking exogenous sex hormones were more likely to
achieve remission according to the SDAI [HR 1.20 (95%
CI 1.01, 1.43), P¼ 0.038] and DAS28-ESR [HR 1.17
(95% CI 1.03, 1.32), P¼ 0.014], but there was no statis-
tically significant association with remission according to
the CDAI [HR 1.09 (95% CI 0.93, 1.29), P¼ 0.297]
(Table 2). Further, significant associations were observed
between exogenous sex hormone use and outcomes
based on ESR and patient and physician assessment of
disease activity (Supplementary Table S8, available at
Rheumatology online). Supplementary Table S9, available
at Rheumatology online, presents univariable Cox regres-
sion analyses. Kaplan–Meier estimates of remission rate
according to exogenous sex hormone use are presented
in Fig. 3. No significant heterogeneity between exogen-
ous sex hormone use and remission was observed be-
tween studies or treatment arms (Supplementary Tables
S10 and S11, available at Rheumatology online).

On exploratory analysis of the perimenopausal sub-
group, those taking exogenous sex hormones were more
likely to achieve SDAI- and CDAI-defined remission
[SDAI: HR 2.18 (95% CI 1.27, 3.72), P¼0.004; CDAI: HR
1.86 (95% CI 1.09, 3.15), P¼ 0.022] (Table 2). Further, in
the early postmenopausal subgroup, SDAI- and DAS28-
ESR-defined remission was more likely in women who
were taking exogenous sex hormones [SDAI: HR 4.33
(95% CI 1.36, 13.8), P¼ 0.013; DAS28-ESR: HR 2.96
(95% CI 1.10, 6.55), P¼0.030; Table 2]. No significant
differences in remission likelihood were observed in the
premenopausal group and there was a significant asso-
ciation with DAS28-ESR-defined remission and the use
of exogenous sex steroids in postmenopausal women
[HR 1.28 (95% CI 1.05, 1.55), P¼ 0.014; Table 2, Fig. 4].
Supplementary Tables S12 and S13, available at
Rheumatology online, present univariable and adjusted
Cox regression analyses, respectively.T
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FIG. 2 Kaplan–Meier estimates of the proportion of RA patients achieving remission by female reproductive status

Kaplan–Meier estimates of the proportion of RA patients achieving remission by female reproductive status in the pooled cohort using (A) SDAI-, (B) CDAI- and (C)
DAS28-defined remission. The numbers underneath the Kaplan–Meier plots indicate the absolute number of patients at risk by time.
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TABLE 2 Adjusted analysis of the association between exogenous sex hormone use and remission in the pooled cohort

Pooled cohort SDAI remission CDAI remission DAS28-ESR

Events/patients,
n/n (%)

HR (95% CI) P-value Events/patients,
n/n (%)

HR (95% CI) P-value Events/patients,
n/n (%)

HR (95% CI) P-value

Exogenous sex hormone use
No 1004/3787 (27) 1 0.038 1178/3814 (31) 1 0.297 2022/3797 (53) 1 0.014
Yes 173/521 (33) 1.20 (1.01, 1.43) 189/525 (36) 1.09 (0.93, 1.29) 324/523 (62) 1.17 (1.03, 1.32)

Exogenous sex hormone use (post-menopausal)
No 638 (25) 1 0.122 724 (29) 1 0.265 1292 (51) 1 0.014
Yes 51 (24) 1.25 (0.94, 1.65) 58 (27) 1.17 (0.89, 1.54) 115 (54) 1.28 (1.05, 1.55)

Exogenous sex hormone use (early post-menopause)
No 49 (27) 1 0.013 58 (31) 1 0.067 87 (47) 1 0.03
Yes 5 (38) 4.33 (1.36, 13.8) 5 (38) 2.77 (0.93, 8.25) 7 (58) 2.96 (1.10, 6.55)

Exogenous sex hormone use (pre-menopause)
No 226 (31) 1 0.571 295 (39) 1 0.391 459 (61) 1 0.600
Yes 96 (39) 1.08 (0.84, 1.39) 106 (42) 1.08 (0.91, 1.28) 171 (68) 1.05 (0.87, 1.27)

Exogenous sex hormone use (perimenopause)
No 91 (25 1 0.004 101 (28) 1 0.022 184 (52) 1 0.120
Yes 21 (45) 2.18 (1.27, 3.72) 20 (43) 1.86 (1.09, 3.15) 31 (66) 1.41 (0.91, 2.17)

Adjustment variables: BMI, age, race, female reproductive status, RA disease duration, use of systemic corticosteroids, RF, ACPA, exogenous vitamin D use, baseline disease ac-
tivity (SDAI, CDAI, DAS28-ESR scores) and number of previous DMARDs.
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FIG. 3 Kaplan–Meier estimates of the proportion of female patients achieving remission by exogenous sex hormone use

Kaplan–Meier estimates of the crude proportion of RA patients achieving remission by exogenous sex hormone use in the pooled female cohort using (A) SDAI-, (B) CDAI-
and (C) DAS28-defined remission. The numbers underneath the Kaplan–Meier plots indicate the absolute number of patients at risk by time.
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FIG. 4 Kaplan–Meier estimates of the proportion of perimenopausal female patients achieving remission by sex hormone use

Kaplan–Meier estimates of the proportion of RA patients achieving remission by exogenous sex hormone use in the pooled female cohort using (A) SDAI-, (B) CDAI- and
(C) DAS28-defined remission. The numbers underneath the Kaplan–Meier plots indicate the absolute number of patients at risk by time.
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Discussion

Using data from five large independent RCTs investigat-
ing the effect of treatment with TCZ and/or csDMARDs
in RA, perimenopausal women were less likely to achieve
remission compared with premenopausal women. The
use of exogenous sex hormones was associated with an
increased likelihood of remission, with the impact most
apparent in perimenopausal and early postmenopausal
women, such that the lower remission likelihood in peri-
menopausal women appeared to be reversed by the use
of exogenous sex hormones.

Several factors could explain why perimenopausal
women are less likely than premenopausal women to
achieve remission. First, the perimenopausal period,
which is also known as transition menopause, is associ-
ated with hormonal fluctuations and deprivation, which
has been associated with autoimmune disease provoca-
tion [35]. Second, since patients of the same age could
have different reproductive status and hormone profiles,
there may be an interaction between age and female re-
productive status and RA prognosis and treatment out-
comes. Thus both age and exposure to endogenous sex
hormones may independently predict response to
DMARDs.

In addition, females at menopause generally have
more musculoskeletal pain [36], depression [37] and
reduced quality of life [37]. These factors may also affect
how health status is reported, which could influence the
more subjective components of disease activity meas-
ures, such as TJC and patient and physician assessment
of disease activity. Exploratory analyses were performed
with each individual disease activity measure and peri-
menopausal and early postmenopausal women were
less likely to achieve remission according to TJC �1 and
physician assessment of disease activity �1/10 com-
pared with premenopausal women, but no effect was
apparent with patient assessment of disease activity.
When considering more objective measures such as
SJC, CRP and ESR, perimenopausal and postmeno-
pausal women were more likely to have CRP �1 mg/dl
compared with premenopausal women, but no difference
was observed for ESR and SJC. The association with
CRP could be explained in that women at menopause
generally have higher plasma concentrations of IL-6,
which is known to stimulate CRP production [38] and
use of the IL-6 inhibitor TCZ is associated with reduced
CRP [39]. These results suggest that the differences in
outcomes between different female reproductive status
groups appear to be more subjective rather than bio-
logical. However, these results are of great clinical use-
fulness as they suggest that women within the
perimenopausal period need more support and closer
disease monitoring.

Previous studies have reported an increase in IL-6 se-
cretion at menopause [17, 18], so if this is driving dis-
ease activity, a better outcome may be expected from
TCZ compared with csDMARDs among postmenopausal
women. Alternatively, since IL-6 is elevated, more TCZ

may be needed to inhibit it and therefore remission may
be less likely in postmenopausal women treated with
normal TCZ doses. However, in this study, remission in
postmenopausal women was decreased regardless of
the type of DMARD used.

The present study identified that the use of exogenous
sex hormones was an independent predictor of remis-
sion. This is consistent with a small study demonstrating
that hormonal replacement therapy was associated with
lower DAS28 among postmenopausal women with
established RA who were treated with csDMARDs [26].
However, in this study we investigated the association in
more depth and using three different disease activity
measures. Remission defined by SDAI and DAS28-ESR
(but not CDAI) was more likely in users of exogenous
sex hormones, suggesting a potential mechanistic role
involving inflammatory mediators. Upon further examin-
ation of the individual disease activity markers, remission
according to ESR was more likely in those who were
taking exogenous sex hormones, but there was a trend
for it to be less likely according to CRP. While there was
no association with TJC and SJC, remission according
to physician global assessment and patient global as-
sessment were more likely in users of exogenous sex
hormones, suggesting that while inflammatory mediators
may well be involved in driving remission in individuals
using exogenous sex hormones, other factors are also
likely to contribute to the overall effect. For example, a
significant association between exogenous sex hormone
use and Boolean definitions of remission according to
ESR and patient and physician assessment of disease
activity were observed, while there was no association
with TJC and SJC. Exogenous sex hormone use such as
hormone replacement therapy could non-specifically im-
prove subjective disease activity measures (patient and
physician assessment of disease activity) without
impacting underlying inflammatory processes. However,
previous studies reported an increase in ESR with
increasing age [40–42], and hormonal changes at meno-
pause have been proposed to cause this phenomenon
[41, 42], so exogenous sex hormones may also reduce
inflammation, as measured by ESR, thus contributing to
improved outcomes in RA patients with exogenous sex
hormone use.

It is particularly noteworthy that the negative associ-
ation between the perimenopausal state and remission
was reversed by the concomitant use of exogenous sex
hormones, which approximately doubled the likelihood of
achieving remission in perimenopausal women. This may
be due to improved stability of the hormonal profile in
perimenopausal women. Given that the use of long-term
hormone replacement therapy is not routinely advised
due to safety-related issues [43], it is unclear if a short
course of exogenous sex hormones delays rather than
prevents a period of poor outcomes in perimenopausal
women. Given that perimenopause is a transition period,
further investigation of the association between exogen-
ous sex hormone use and overall outcome in these
patients is warranted.
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The large number of patients included in this analysis
is a strength of this study, as it allowed for a relatively
high-powered analysis with adjustment for a number of
potential confounders. The flexibility to conduct subanal-
yses according to female reproductive status is also a
strength. Additionally, using three disease measures
(SDAI, CDAI and DAS28-ESR) to investigate the consist-
ency of our findings is another strength that increases
the robustness of the findings.

The main limitation of this study is that the included
clinical trials were not specifically designed to address
the association between female reproductive status, ex-
ogenous sex hormone use and remission and therefore
information regarding the dosage and duration of ex-
ogenous sex hormones use, age at menopause, meno-
pausal classification criteria (i.e. hormonal, surgical) and
the length of reproductive life is lacking, leading to an in-
ability to determine whether changes in some or all of
these variables might lead to a different response.
Furthermore, the method used to determine menopause
was not stated for each included trial. A limitation of this
analysis is that there might be other confounders that
were not available in the clinical trial data, such as smok-
ing status and age at menopause, that were not included
in the analysis. Another limitation is that, despite the
large number of patients, there were comparatively few
who used exogenous sex hormones, especially after the
participant group was split into four reproductive sub-
groups. There may be difficulty in generalizing results
obtained from RCTs, as the patients included in the
RCTs may be quite different from those treated in clinical
practice. Thus additional validation studies investigating
female reproductive status and exogenous sex hormone
use among a broader group of RA patients with longer
follow-up duration is required.

Overall, our results suggest that the rate of RA remis-
sion was influenced by female reproductive status and
that perimenopausal women were least likely to achieve
remission. Furthermore, our analysis suggests that ex-
ogenous sex hormone use was independently associ-
ated with higher remission rate, particularly in
perimenopausal and early postmenopausal women, but
further research is required to confirm and identify the
drivers for this observation and how it interacts with
menopausal status.
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