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Abstract  Objective : Due to the severe side effects of long-term treatment using hormone replacement therapy, Raloxifene (RLX) is
introduced with beneficial effects on rheumatoid arthritis (RA) for postmenopausal women. This review was conducted to collect
data from the available literature on RLX for the management of postmenopausal women suffering from RA. Method: All studies
published up to 2019 were searched in four databases, including Google Scholar, PubMed, Scopus, and Medline. All articles were
searched using several keywords, including “Raloxifene” or“Evista”in combination with “Rheumatoid Arthritis” or “Autoimmunity”.
Finally, six studies were selected for the review analysis of this study. In all studies, 60 mg/day RLX was administered for
postmenopausal subjects. The majority of the studies showed that the use of RLX was effective in postmenopausal women who
underwent corticosteroid therapy. No severe complications were reported after RLX therapy in patients with RA. Result: Based
on the obtained results, RLX is a selective estrogen receptor modulator that its short-term anti-arthritic effects are proven in the
treatment of postmenopausal osteoporosis. It was well tolerated without serious adverse events. Conclusion : It seems that RLX
is a promising treatment candidate in postmenopausal RA due to its anti-arthritic and anti-osteoporotic effects and based on the
outcomes of experimental postmenopausal arthritis in animal and human studies.
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INTRODUCTION

Rheumatoid arthritis (RA) is a progressive systemic
autoimmune debilitating disease with focal joint erosions and
generalized osteoporosis. The prevalence of RA is between
0.5% and 1%, and its male to female ratio is estimated at 1:3
[1]. The incidence of RA in women peaks around menopause
[2]. The destruction of joint cartilage and periarticular bone
occurs due to chronic inflammation. Generalized bone
loss is another consequence of inflammation. Commonly,
osteoporosisis observed in more than 50% of postmenopausal
subjects with RA [3].

The association between the long-term use of estrogen
(sex hormone) and the enhanced risk of breast cancer and
thrombosis is proven in human studies [4, 5]. Menopause
hormone therapy (MHT) is used to prevent postmenopausal
osteoporosis. MHT is also applied to ameliorate RA
progression; however, long-term MHT is associated with
serious side effects [6, 7]. On the other hand, consumption of
glucocorticoids, which are one of the optional treatments for
RA, increases the risk of fracture secondary to osteoporosis
[6, 8]. In this regard, selecting an effective combination of
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RA medication and estrogen with minimal side effects has
significant importance.

There is considerable evidence for the involvement of
estrogens in the pathogenesis of several inflammatory
diseases, including systemic lupus erythematosus (SLE) and
RA [9]. With the onset of menopause in women with RA, in
addition to theinflammatory nature of the disease, a lack of sex
hormones (estrogen) can lead to osteoporosis [7]. Selective
estrogen receptor modulators (SERMs) such as tamoxifen
and raloxifene (RLX) are examples of compounds that exhibit
tissue-specific estrogenic activity [10]. Although raloxifene
is an estrogen receptor agonist in the bone and uterus, it
is an antagonist in the breast and exhibits greater agonist
activity in the bone and less in the uterus [11]. Raloxifene is an
SERM considered prophylaxis for invasive breast cancer [12].
Collagen-induced arthritis (CIA) is a well-established mouse
model of human RA, which the result of extensive studies on
the impact of sex steroids on inflammatory disease has been
extensively studied by several groups. Other effects include
reducing the severity of the disease and preventing decrease
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in bone mineral density (BMD) [7]. The prophylactic effects of

RLX in postmenopausal osteoporosis were confirmed in the

USAin 1997 [13], and the short-term antiarthritic effects of RLX

have been suggested for the treatment of postmenopausal

osteoporosis in patients with RA [7, 14].

Therefore, achieving a useful drug with no side effects of

MHT for the prevention and treatment of osteoporosis in

postmenopausal women with RA seems essential. In this

regard, evidence has been presented about the effectiveness

of RLX and the absence of serious side effects during its use.

We aimed to study the effect of RLX in the management of

osteoporosis in postmenopausal women suffering from RA.

Hence, the available evidence has been reviewed:

- Evidence supporting the use of RLX for postmenopausal
osteoporosis in RA patients

- Effect of RLX on the immune system and fibrinolytic
components of RA synoviocytes

- Complications of RLX therapy in postmenopausal patients
with RA

MATERIALS AND METHODS

This narrative review was carried out on the effects of RLX for
the treatment of osteoporosis in postmenopausal women
suffering from RA. The present study was performed based
on the Cochrane Handbook for Systematic Reviews. Data
regarding eligibility criteria, searching databases, removal
of unrelated articles, quality assessment, data extraction,
and discussion were gathered [15]. Google Scholar, PubMed,
Scopus, and Medline databases were searched for published
articles up to December 20 in 2019.

Inclusion and exclusion criteria

The eligibility criteria were chosen based on Participants-
Intervention—-Comparison-Outcome-Study design. Studies
on human samples were selected, and the articles containing
a clear description and insufficient data on the efficacy of RLX
for the treatment of postmenopausal women suffering from
RA due to the effect of SERM were chosen. Animal studies,
meta-analyses and review articles, expert opinions, editorial
letters, case reports or case series, consensus statements, and
qualitative investigations were excluded from the present
process. In addition, the articles that focused on other
therapeutic approaches in patients with no autoimmune
disease were excluded from this review. We included all types
of nonrandomized, nonblinded, and retrospective studies
due to the limited number of studies in assessing the use of
RLX for the treatment of postmenopausal women with RA.

Literature search
In this study, four electronic databases including Google

Scholar, PubMed, Scopus, and Medline were searched from
October 20 to December 20 in 2019. The keywords were

“Raloxifene” or “Evista” in combination with “Rheumatoid
Arthritis” or “Autoimmunity.”

Study selection, data extraction, and study design

This narrative review focused on the effects of RLX for treating
RA caused due to the effect of SERM in postmenopausal
women. Firstly, four above-mentioned databases were
searched over the period by using the selected keywords. In
the next step, the titles and abstracts were carefully studied,
so several unrelated articles were screened. Hence, the studies
were chosen based on the eligibility criteria.

It is notable that papers that were not found to meet our
objectives on assessing the title and abstract were removed.
The full-text versions of the selected articles were collected
for scanning. All of the study phases were performed by two
researchers, who were continuously in contact with each
other. Meanwhile, they consulted about the extracted data,
agreed on the eligibility criteria, and discussed the study
objectives to exchange the required information. Finally,
the relevant data was extracted and recorded in a checklist.
Figure 1 depicts a PRISMA flow diagram showing the process
of article selection.

Risk of bias and quality assessment

The risk of bias was assessed in the included studies based
on Cochrane’s risk of bias tool. Several domains including bias
due to confounders, selection of participants, measurement of
intervention, missing data, selective reporting, measurement
outcome, departure form intended intervention, and other
sources were investigated in this study [16]. The criteria of
the risk of bias were classified as low, unclear, and high. On
assessment of the risk of bias, the low and high risks of bias
were marked as “Yes” and “No,” respectively. “Unclear” was
considered for the unclear or unknown risk of bias. Figure 2
illustrates the quality assessment of the selected articles.

RESULTS

In total, 447 scientific articles were identified in the first
step, of which 362 papers were found to be irrelevant to
our objectives. Among the 85 remaining articles, 18 papers
were duplicates in the preliminary investigation, which were
removed. Furthermore, 26 articles focusing on the effect of
RLX on nonautoimmune diseases or other autoimmune
diseases, except RA, were excluded from the study. In
addition, all the 15 studies investigating the effects of RLX
on animals, 11 articles assessing MHT in postmenopausal
patients, two books, three narrative articles and reviews, and
four case reports were excluded from this study. Eventually,
six papers remained to be included in this review (Figure 1).

No randomized, double-blind clinical trial was reviewed in
this study. All papers were retrospective or prospective case-
control studies. The selected studies were conducted in three
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Figure 1. PRISMA flowchart representing the study selection process.
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different regions: most (50%) of them were conducted in the
Far East (South Korea: 1, China: 1, Japan: 1), two studies (33%)
in the European countries (Romania: 1, Italy: 1), and one study
was performed in North America (16%). There was no study
conducted in South America and Africa. It was observed that
the studies were carried out on 588 subjects, of whom 218
were treated with RLX. The average age of the subjects who
entered the studies was within the range of 55-72 years.
The reported severity of RA varied from low to severe. Most
patients were treated with long-term corticosteroids.

In all studies, the prescribed dose of RLX for postmenopausal
patients was 60 mg daily. In the majority of studies, the
administration of RLX had been reported effective. In this
regard, Lee et al. showed that RLX was well tolerated by
patients with postmenopausal osteoporosis caused by RA
and other autoimmune diseases. Over the 12 months of
the study, patients, both RLX users and nonusers, receiving
corticosteroids had a remarkable increment in the lumbar
spine and total hip BMD, while this index was decreased in
the femoral neck of both groups [17]. Similarly, studies of Mok
et al. and Stoica et al. showed that RLX consumption leads to
increase in spinal and hip BMD after 12 months of treatmentin
RA postmenopausal women [18, 19]. A significant difference
in serum undercarboxylated osteocalcin (ucOC; marker of
the risk of hip fracture in elderly women) level was reported
in patients receiving RLX compared to control group in the
study of Mokuda et al. [20]. An in vitro study confirmed higher
levels of plasminogen activator inhibitor, lower levels of
urokinase-plasminogen activator (u-PA), and lower levels of
u-PA receptor in RA patients treated with RLX in comparison
to the control group [21].

None of the studies reported significant side effects of RLX
treatment.Table 1 contains information on the studies reviewed,
including the time and place of the study, sample size, age, RA
severity, RLX dosage, status of bone density, and outcomes.
It is notable that the risk of bias of the entered studies was
assessed in the present study. Figure 1 shows a small possibility
of bias, according to the method of removing the effect of
confounders and the method for selecting participants. This
finding indicates that selecting the subjects and assigning
them to groups in addition to confounding variables had low
effects on the outcome of the entered studies. A high risk of
bias was observed due to differences between the intended
and actual interventions in one study (17%). Moreover, the risk
of bias was low in terms of measurement outcome, selective
reporting, and missing data subtypes.

DISCUSSION

Evidence supporting the use of RLX for
postmenopausal osteoporosis accompanied by RA

The main causes of osteoporosis development are the
lack of estrogen, inflammatory diseases, and exposure to

corticosteroids.Estrogendeficiencyandinflammatorydiseases
could lead to generalized bone loss in postmenopausal
women with RA [7, 14]. Most postmenopausal RA patients
with asymptomatic vertebral fractures had received long-
term glucocorticoid therapy that resulted in an increase in
the risk of fragility and fractures due to osteoporosis [22-24].
Due to the side effects of the long-term use of glucocorticoids
and the high risk of osteoporosis in rheumatic patients, it is
important to be cautious in the prescription of these drugs.
[25].

In a study carried out by Ozmen et al, a significant
decrease was observed in the severity of osteoporosis in
postmenopausal patients who were treated with RLX for 3
months [26]. In a large trial on postmenopausal women, an
increase in BMD of the femoral neck and lumbar spine was
reported after RLX therapy for 3 years. The results revealed
that the risk of incident vertebra in patients using RLX was
lower in comparison to the control group [27].

Some studies indicated preservation of the bone and a
decrease in the severity of CIA by RLX [14, 28]. Animal model
studies demonstrated that RLX hampered the progression
of arthritis and was beneficial in the long-term treatment of
established CIA. Moreover, RLX and estradiol could prevent
the loss of BMD [14, 29]. In the present study, there were five
articles which evaluated the effect of RLX in the treatment of
postmenopausal patients with RA.

Lee et al. performed a study to determine the efficacy of RLX
in disease activity and BMD in 130 postmenopausal women
with osteoporosis, RA, and other autoimmune diseases. The
patients who were entered into the above-mentioned study
suffered from RA, lupus, Sjogren’s syndrome, scleroderma,
and Behcet’s disease. The majority of them underwent
glucocorticoid therapy for a long time. RLX were administered
at a dose of 60 mg/day in addition to elemental calcium (1200
mg/day). Based on Disease Activity Score, the scores of the
lumbar spine and total hip BMD were higher in patients
receiving glucocorticoids in the 12th month; however, femoral
neck BMD decreased in both groups. No side effect was
reported due to receiving RLX. This agent was well tolerated
in postmenopausal women with RA who had an inactive
disease and those with unidentified hypercoagulability. Total
hip and lumbar spinal BMD scores increased due to using RLX
[71.

The results of Lee et als research were similar to those of
the study by Mok et al., which was focused on determining
the efficacy of RLX in prevention of BMD loss in women who
were on long-term use of glucocorticoids. The femoral neck
BMD decreased with no difference between the RLX (60 mg/
day) and placebo groups. They showed that use of RLX led
to decrease in bone formation markers by 19%, including
serum osteocalcin and procollagen type | N-terminal, after 12
months.

Moreover, a reduction in resorption markers (i.e., urine
deoxypyridinoline and type | collagen) was reported by 44%.
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They concluded that the lumbar spine and total hip BMD
scores (1.3% and 1.0%, respectively) were better in patients
receiving RLX in the 12th month. In general, they showed that
RLX suppressed the markers of bone turnover in comparison
to placebo [18].

In another study, a higher reduction in vertebral fracture
rate in comparison to the report on lumbar spine BMD was
observed after treatment with RLX. It suggested the role of
RLX in improvement of bone density, because RLX decreases
the production of tumor necrosis factor-alpha (TNF-a) and
interleukin (IL)-6 and inhibits osteoclastic restorative activity
[30]. Consequently, RLX can decrease the levels of all bone
turnover markers by 30%-40% in the premenopausal period
[27].

Based on a controlled trial carried out by Delmas et al.,, the
effectiveness of RLX in reducing bone turnover markers
including bone-specific alkaline phosphatase, osteocalcin,
and C-terminal telopeptide collagen degradation product
of type 1 collagen was confirmed [31]. Another study was
performed by Mokuda et al. to determine the risk factors
changing serum ucOC level in postmenopausal subjects with
RA. They showed a significant difference between the RLX
and control groups in serum ucOC levels, which was similar to
the results obtained by Mok et al.[20].

Considering  the antiarthritic and antiosteoporotic
characteristics of RLX and its effectiveness in the long-term
treatment of CIA, the agent can be used in human studies for
the treatment of inflammatory characteristics of RA. Although
the effect of RLX in the treatment of postmenopausal patients
with RA is confirmed, there is insufficient perception of the
involvement mechanisms in the protection against arthritis
[17-19]. Further studies in these areas are recommended.

Effect of RLX on the immune system and fibrinolytic
components of RA synoviocytes

The results of animal studies showed that estradiol has
beneficial effects on the development of arthritis and
osteoporosis related to ovariectomy [32-34]. SERMs are
nonsteroidal molecules demonstrating estrogen-like effects
in some tissues, while they have antagonistic effects on other
tissues. Recently, SERMs have been used for the prevention
and treatment of postmenopausal osteoporosis [35]. Only
three SERMs including tamoxifen, RLX, and ICI 182780 are
applied in clinical practice. RLX acts as an estrogen agonist
in bone and on serum lipids and binds with a high affinity
to estrogen receptors. It decreases the risk of fractures in
postmenopausal patients with osteoporosis. It also prevents
bone loss and decreases bone turnover [36, 37].

Estrogen affects theimmune system by several ways. Estrogen
might play a role in increasing autoimmune diseases [9]. The
response to infections is better among women in comparison
to men due to their stronger humoral and cell-mediated
immune responses, although women have less-potent innate
immune responses [38]. In spite of the fact that estrogen

inhibiting T-cell-dependent immune responses could
increase the production of antibodies by mature B cells.[39].
A similar effect of RLX and estradiol on B lymphopoiesis was
shown in a study carried out by Erlandsson et al. However,
unlike estradiol, RLX had no effect on the delayed-type
hypersensitivity reaction [39]. A decrease in the serum levels
of IL-6 in arthritic mice was observed due to using RLX.
Nevertheless, it did not affect IL-6 in nonarthritic mice [7].
RLX had a beneficial effect on the serum osteoprotegerin
levels and the serum levels of bone turnover markers in
postmenopausal women with osteoporosis [40]. Hence, it
can be recommended for the treatment of postmenopausal
osteoporosis [13].

It is suggested that the peripheral sex hormone metabolism
plays an important role in immune-inflammatory local
response and RA manifestations. In addition, sex hormones
stimulate synovitis in RA [41]. Androgens and progesterone
are natural immune suppressors, though estrogen leads to
an increase in humoral immunity [42]. Functional receptors
for both androgens and estrogens are observed in synovial
macrophages, monocytes, and lymphocytes, which help
in the metabolism of gonadal hormones [43]. Pathogenic
immunosuppressive properties could decrease androgen
levels. Low levels of androgen, high levels of synovial fluid
estrogen, and decrease in androgen/estrogen ratio were
reported in RA patients [44-46].

RLX reduces the risk of vertebral fracture; therefore, it can
be used for the prevention and treatment of osteoporosis in
postmenopausal women [47]. Its antiestrogen activity on the
uterus and breast tissues, in addition to progesterone activity
in the bone were confirmed in previous studies [48, 49]. The
etiopathological role of sex hormones and their potential long-
term effects on the development of RA remain unclear. There
has been no sufficient information on the relation between sex
hormones and fibrinolytic system in RA synovial cells.

RLX inhibits cell proliferation and chemoinvasion in a dose-
dependent manner, which decreases the levels of u-PA and
urokinase plasminogen activator receptor (u-PAR). Estradiol
and different S7ERMs regulate the expression of genes
encoding u-PA and plasminogen activator inhibitor-1 (PAI-1).
Concentration-dependent agonistic effect on the regulation
of these genes is reported in some SERMs including
4-hydroxytamoxifen and RLX [50].

The interaction between u-PA and u-PAR leads to an
increase in PAI-1 level and blocking u-PA. RLX plays a role
in the modulation of the growth of synovial pannus by
inhibiting the migration of RA synoviocytes. Consequently,
RLX consumption decreases the invasive and angiogenetic
potential of synovial cells via reduction of u-PA level derived
from RA synoviocytes [21].

Only in one study the effects of RLX on the fibrinolytic
components of RA synoviocytes were evaluated and it
focused on their fibrinolytic pattern and function. The results
of this study (Guiducci et al.) showed the role of RLX as an
inhibitor of the fibrinolytic system. The authors reported



higher levels of PAI-1, lower levels of u-PA, and lower levels
of u-PAR in RA patients treated with RLX compared to the
control group [21]. RLX blocks u-PA-dependent extracellular
matrix degradation and decreases cell movement that results
in an increase of PAl-1. Moreover, it reduces the levels of u-PAR
and u-PA that have a main role in decreasing the proinvasive
and proangiogenic patterns of RA synoviocytes [50].

Complications of RLX in postmenopausal patients
with RA

Due to the limited number of studies on the effects of RLX in
RA treatment, the side effects of this agent in postmenopausal
osteoporosis in patients with RA remain unclear.

Decrease in osteocyte apoptosis [51] and prevention of bone
loss [7] after using RLX were reported in an animal study [52].
Although the role of RLX in the treatment of postmenopausal
women with osteoporosis and its prophylaxis for invasive
breast cancer is proven, several side effects are reported, such
as increasing risk of deep venous thrombosis and pulmonary
embolism. Metabolic disorders, endocrine disease, and
cardiovascular disease are other probable complications of
RLX [28, 53].

Results of a study showed that the risks of breast cancer,
nephritis, osteoporosis, and RA were lower among patients
using RLX compared to the control group. However, the risk
of metabolic disorders was higher among subjects treated
with bisphosphonates. Except gastroesophageal reflux and
gastritis (2%-3%), gastrointestinal disorders were reported in
less than 1% of patients treated with RLX [54].

No venous thromboembolism was reported among patients
using RLX in Kung et al's study on Asian women [55]. This
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RLX was well tolerated without serious adverse events.
It seems that RLX is a promising treatment candidate for
postmenopausal osteoporosis in patients with RA due to
its antiarthritic and antiosteoporotic effects and based on
the outcomes of experimental postmenopausal arthritis in
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