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META ANALYSIS

Meta-Analysis of Estrogen in Osteoarthritis:
Clinical Status and Protective Effects

Xiaohui Yang, MD; Kun Yan, MD; Qianlong Zhang, MD; Alimujiang Yusufu, MD; Jian Ran, BS

ABSTRACT

Context ¢ Osteoarthritis (OA) impacted over 5-million
people worldwide in 2018, with an incidence second only
to diabetes and hypertension. Clinical research has had
difficulty in finding methods to treat OA quickly and
effectively. More and more researchers have begun to
explore the effects of estrogen (ER) on OA.

Objective « The study intended to conduct a meta-
analysis of studies using ER in OA, aiming to confirm the
potential value of ER, laying a foundation for follow-up
research, and providing new choices for the treatment of
OA.

Design « The research team performed a literature review
searching PubMed for clinical studies on the application
of ER for the OA treatment or on the improvement of joint
pain that: (1) were published after the year 2000, and
(2) had participants who used ER compared to other
treatment methods. The research team selected studies for
analysis after independent screening by two members of
the team, based on inclusion and exclusion criteria and a
methodological quality evaluation. The meta-analysis
used RevMan V5.3 software.

Intervention ¢ The research team included eight studies
with 11 689 participants, with 5776 participants who
received ER treatments becoming the intervention group,

Xiaohui Yang, MD, Associate chief physician; Kun Yan, MD,
Resident physician; Qianlong Zhang, MD, Master’s degree in
reading; Alimujiang Yusufu, MD, Master’s degree in reading;
Jian Ran, BS, Botanic physician; Department of Orthopedics,
the Sixth Affiliated Hospital of Xinjiang Medical University,
Urumchi, China.

Corresponding author: Jian Ran, BS
E-mail: ranjian830002@163.com

Osteoarthritis (OA) is one of the most common diseases
of joint tissues and mainly involves articular-cartilage damage
that can eventually lead to articular-cartilage fibrosis,
fractures, and defects.! With middle-aged and older adults

and with 5913 participants who received other treatments
becoming the control group.

Outcome Measures « The outcome measures included the
selected studies’ results related: (1) to changes in the bone
marker, collagen cross-linked C-telopeptide type I (CTX-1);
(2) to the levels of bone Gla protein (BGP); (3) to joint-
pain relief, and (4) to subjective scores on the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC), a visual analogue scale (VAS) for pain, and
the Short-Form 36 (SF-36).

Results « The meta-analysis found that the CTX-II level
was significantly lower (P<.0001) and the BGP level was
significantly higher (P=.07) in the EG group than the
levels in the control group. Similarly, the number of
participants with joint pain in the ER group was
significantly lower than that of the control group (P=.01),
and a significant difference existed between the groups in
the subjective scores (P=.02).

Conclusion « ER can exert varying degrees of positive
effects on OA and can effectively ameliorate the
pathological process in OA patients, and it may become an
alternative for OA treatment in the future, providing
patients with better health and life quality. (Altern Ther
Health Med. 2023;29(1):224-230).

being most affected, OA impacted over 5-million people
worldwide in 2018, with an incidence second only to diabetes
and hypertension.>® OA has seriously endangered the quality
of life of millions of older adults all over the world.*

In recent years, the incidence of OA has risen. Glyn-
Jones et al's survey found that more than 50% of people aged
over 65 suffer from OA to different degrees.” OA may present
with mild joint pain and redness only at the early stage of
illness, but if not controlled in a timely and effective manner,
can result in joint deformity, fractures, and loss of joint
mobility.®

Individuals with severe cases may even develop massive
necrosis of joint tissues, for which joint replacement or
amputation is the only option for control of disease
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progression.” At that stage, physical therapy, such as
acupuncture, electrical stimulation, or hydrotherapy, is still
the primary treatment for pain control and symptom
remission for OA in clinics.®

Modern clinical research has had difficulty in finding
methods to treat OA quickly and effectively. In the face of the
increasingly high incidence of OA, finding a more effective
treatment as soon as possible has become a global focus for
clinical research.

ER and OA

More and more researchers have begun to explore the
effects of ER on OA. Recently, Gokhale et al found a
significantly higher incidence of OA in 50-year-old women
than in men, suggesting that estrogen (ER) deficiency may
increase the occurrence of OA.° Robinson et al found that the
ER content in joint fluid was positively correlated with the ER
level in blood; when the ER level in the body decreases, the
ER level in joint fluid decreases correspondingly, thus
affecting the whole joint both physiologically and
pathologically.”® Keita-Alassane found that ER can decrease
the surgical pain of OA in rats."

Karsdal et al found that ER can improve the activity of
OA chondrocytes.'? Arao and Korach found that ER not only
affects protein and mRNA synthesis in aromatase, which
results in chondrocyte metabolism alterations, but also
promotes ER generation in articular chondrocytes to
participate in intra-articular cellular metabolism.”* Those
researchers proposed that chondrocytes mainly expressed
ER-a and ER-f after interfering with the synthetic metabolic
pathway of ER.

The research on ER and OA isn't all positive. For
instance, Chen et al indicated that the intervention of
excessive doses of ER in vitro can significantly inhibit the
synthesis of DNA and proteoglycan in mandibular
chondrocytes, reduce cartilage thickness in extracellular
matrix, and upregulate C-terminal telopeptides of collagen
type II (CTX-II), interleukin 1 beta (II-1p), IL-6, and IL-8,
thus promoting cellular inflammatory responses.'* Rossouw
et al indicated that the use of ER might be a risk factor for hip
replacement in OA patients.”® It’s precisely because of the
controversy that it’s important to confirm the exact impact of
ER on OA as soon as possible.

ER Receptors

A study by van der Eerden et al found ER receptors,
ER-alpha (ER-a) and ER-beta (ER-PB), in articular
chondrocytes,'® confirming that ER is the target site in
articular cartilage and indicating that ER supplementation
may be a potential treatment option for OA.

ER receptors are mainly divided into membrane estrogen
receptors (mERs) and nuclear estrogen receptors (nERs),
according to different distribution positions."”

mERs. The mERs are mainly distributed on the
endoplasmic reticulum and cell membranes. After binding
with ER, the corresponding ion-channel status and enzyme

activity change can enhance the mitosis and protein-kinase
activity of phosphatidylinositol 3-kinase (PIK3). The mERs
are also known as the rapid non-genomic effector channel
due to the reaction’s extremely rapid occurrence.'® However,
mERs mainly exist in breast, heart, ovary, and neurolymphatic
tissues, so their influence on OA may not be significant.”

nERs. The two nERs, nER-a and nER-B, mainly play a
role in the nucleus, and the two receptors share multiple
domains, each of which directs the hormone to interact and
perform its function® The nER-a gene chromosome is
located at 6q25.1-2 and contains 7 introns and 8 exons, with
a chromosome size of about 140 000.* The nER-B gene
karyotype is located on chromosome14q23.2-3 and contains
8 exons, with a chromosome size of about 40 000.> Both
nuclear receptors have a strong affinity for ER and can better
regulate target cells and influence the inflammatory release of
cells after binding with ER.*

However, also known as the slow genome-effect channel,
nERs have a slower reaction time that usually takes more
than several hours.* This suggests the need for a relatively
stable and continuous treatment cycle when applying ER to
the treatment of OA.

Current Study

Due to the lack of authoritative clinical guidelines for
reference, controversy about the clinical application of ER in
OA is still great.

Consequently, the current research team intended to
conduct a meta-analysis of studies using ER in OA, aiming to
confirm the potential value of ER, laying a foundation for
follow-up research, and providing new choices for the
treatment of OA.

METHODS
Procedures

The research team performed a literature review on the
application of ER for the OA treatment or on the improvement
of joint pain.

Eligibility criteria. The research team retrieved all
studies related to OA and ER. The research team included
studies that: (1) included patients treated with ER or
ER-related drugs in vitro; (2) included patients with OA or
other manifestations of bone and joint pain; (3) set no
limitations as to age or gender; (4) used treatment methods
that included in vitro ER or ER-related medications;
(5) included patients treated with ER successfully, providing
complete experimental results; and (6) included clinical trials
or randomized controlled trials.

The research team excluded studies: (1) for which the
team couldn’t contact the researchers to obtain the original
data, (2) that lacked clear criteria for efficacy assessment,
(3) that had obvious design defects and logic errors, (4) that
had a follow-up success rate lower than 70%, or (5) that were
conducted before 2000.

Retrieval strategy. The research team used PubMed to
search for clinical research on the application effects of ER on
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OA, with the search keywords being osteoarthritis, estrogen,
knee, joints, cartilage, and bone density and the study types
being clinical trials and randomized controlled trials. At the
same time, the team manually checked relevant periodical
literature records to obtain more references.

The search formula was: ((((“estrogens”[All Fields] OR
“estrogens”[MeSH Terms] OR estrogen[Text Word]) OR
(“osteoarthritis’[MeSH Terms] OR osteoarthritis[Text
Word])) AND (( “estrogens”[All Fields] OR “estrogens”[MeSH
Terms] OR estrogen|[Text Word]) OR (“knee”[MeSH Terms]
OR “knee joint”[MeSH Terms] OR knee[Text Word]))) AND
((“estrogens”[All Fields] OR “estrogens’[MeSH Terms] OR
estrogen[Text Word]) OR (“joints’[MeSH Terms] OR
joints[Text Word]))) AND ((“estrogens’[All Fields] OR
“estrogens”[MeSH Terms] OR estrogen[Text Word]) OR
(“cartilage”[MeSH Terms] OR cartilage[ Text Word]))) AND
((“estrogens”[All Fields] OR “estrogens”[ MeSH Terms] OR
estrogen[Text Word]) OR (“bone density”[MeSH Terms] OR
bone density[Text Word])).

Literature screening. After removing duplicates using
the EndNote X9 literature management software (Thomson
Scientific, Stanford, Connecticut, USA), two members of the
research team screened the documents according to the
eligibility criteria and cross-checked the screening results to
determine the final inclusion results. If any disagreement
occurred during the verification process, the two researchers
had a third researcher review the results for discussion and a
decision.

Literature-quality evaluation. The research team
evaluated the quality of the included articles using guidelines
from the Cochrane Handbook for Systematic Reviews of
Interventions® to determine the studies’ use of random-
sequence generation, allocation concealment, blinding,
withdrawal, and loss during follow-up.

Outcome measures. The outcome measures included
the selected studies’ results related: (1) to changes in the bone
marker, collagen cross-linked C-telopeptide type I (CTX-1);
(2) to the levels of bone Gla protein (BGP); (3) to joint-pain
relief, and (4) to subjective scores on the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC),* a
visual analogue scale (VAS) for pain, and the Short-Form 36
(SF-36).”7

Intervention

For the included studies, the participants receiving ER
treatments became the intervention group, the ER group, and
participants receiving other treatments became the control

group.

Outcome Measures
CTX-II. CTX-II is the main organic component of
cartilage and is one of the most effective biochemical indicators
for OA. The higher the CTX-II, the more severe the OA.
BGP. BGP is synthesized by osteoblasts and odontoblasts
and plays an important role in regulating bone calcium
metabolism. It is a new biochemical marker for studying

Figure 1. Flow Chart of Literature Screening

146 records 0 additional
identified through records identified
database through ather
searching sources
63 records after duplicates
removed
83 records 59 records
screened excluded

24 full-text articles
assessed for
eligibility

13 full-text articles
excluded, with
reasans

11 studies
included in
qualitative
synthesis

8 studies included
in guantitative
synthesis
(meta-analysis)

bone metabolism. The higher the BGP, the better the bone
calcium metabolism of the bones.

WOMAC.* A rating scale developed by Bellamy
specifically for assessing the severity of arthritis. The higher
the score, the more severe the arthritis.

VAS. VAS is the most widely used subjective pain
evaluation method in clinical practice. The higher the VAS,
the more significant the pain.

SF-36.” SF-36 is a universal measurement scale
developed by the American Medical Outcomes Study (MOS)
group, which includes 8 dimensions and is used to reflect the
quality of life of patients. The higher the score, the better the
quality of life.

Statistics Analysis

The research team used RevMan V5.3 (Cochrane
Collaboration Network) to statistically analyze the data, and
conducted the Chi-square (x?) to test heterogeneity. For
weighted merging, the team used a fixed-effect model when
12<50% and a random-effects model (REM) when 12> 50%.
P<.05 indicated statistical significance.

RESULTS
Literature Retrieval

The research team preliminarily retrieved 146 related
articles. After using the software to remove duplicates and
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Table 1. Basic Characteristics of Included Studies. The outcome measures were: (1) changes in the bone marker, collagen
cross-linked C-telopeptide type I (CTX-1); (2) levels of bone Gla protein (BGP); (3) joint-pain relief, and (4) subjective scores
on the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC),* a visual analogue scale (VAS) for pain,
and the Short-Form 36 (SF-36).7

Control Group ER Group
Age Participants Age Participants | Outcome

Mean * SD n Mean * SD n Measures
Christgau et al, 2004 574 +4.1 21 56.9 + 3.8 71 1,3
Cirillo et al, 2006* - 5196 - 5076 3
Nevitt et al, 2001% - 542 - 427 34
Ravn et al, 2004*! 545%2.6 25 554 +2.8 50 1,2,3
Seo et al, 2012* 56.6 £2.4 32 57.0%2.6 30 2,3
Song et al, 2004 - 32 - 32 2,3,4
Stanosz et al, 2009** 523 %35 25 52.7 3.2 50 1,2
Wong et al, 2017% - 40 - 40 3,4

Abbreviations: ER, estrogen.

manually reading titles, abstracts, and full texts, the research | Figure 2. Risk of Bias Diagram of the Literature
team included 8 articles*®° comprising 11 689 participants,
including 5776 treated with ER, the ER group, and 5913
treated with other methods, the control group (Figure 1).

Literature’s Basic Characteristics

Except for Songet al's study® on the treatment of ER in
OA patients (data not shown), the other studies all focused on
the effects of ER or ER-related drugs on joint symptoms and
cartilage tissues, with the participants all being women. Table
1 shows the included studies, providing the mean ages and
number of participants, and identifying the outcome measures
that the studies used. The methodological quality of the
literature, as identified by the Cochrane guidelines was Grade
B. See Figure 2 for the risk of bias for the included studies.

CTX-II

Three studies®*** evaluated the influence of ER on
CTX-II, with heterogeneity existing among groups (I*=97%),
and the research team used REM for the analysis. Figure 3
shows that the ER group had significantly lower CTX-II
levels postintervention than the control group did

Allocation concealment (selection hias)

@ | Blinding of participants and personnel (performance bias)

® 0 e S| ® | O sclindingofoutcome assessment (detection bias)

@ | Random sequence generation (selection bias)

Christgau S 2004

® | @ | otherbias

® ® | ® | ® | ncomplete outcome data (attrition bias)

® O O @ ® | @ | ceective reporting (reporting bias)

(P<.0001).
BGP Cirillo DJ 2006 o
Four studies®* evaluated the influence of ER on BGP Mlevitt M 2001
levels, with heterogeneity existing among the groups
(I*=81%), and the research team used REM for analysis. Rawn P 2004 '. '.' . '.
Figure 4 shows that the ER group had significantly higher
BGP levels postintervention than the control group did seosk2012| @ | @
(P=.07). songvJ2004 | @ | @ | @ @ L
Joint Pain Stanosz 5 2009 | @ | @ ] @
Seven articles?®*** evaluated the influence of ER on joint
pain, with heterogeneity existing among the groups Wong RHX 2017 . '.' . . . .

(I* =54%), and the research team used REM for analysis.
Figure 5 shows that the ER group had significantly fewer
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Figure 3. Meta-analysis of the Influence of ER on CTX-I
Comiral group ER group Mean Differsnce Mean Differance
Study or Subgroup _ Mean _SD_Total Mean SD_Total Weight IV, Random, 95% C1 I, m, 95% CI
ChristgauS 2004 9442 354 21 7216 487 71 336% 32.26(20.37,24.19) =
Rawn P 2004 8614 584 25 BOBY 576 50 328% 1632[1353,19.11] L
Stanosz S 2009 FEET 413 25 6619 382 50 336% 10.48[B.53, 1243 .
Total (95% CIj T 171 100.0%  16.36 [8.84, 23.88] >
Heterogeneity Tau®= 42 86; Chi*= 72,28, df= 2 (P = 0.00001); P= 97% ' ; i f {
o -100 50 0 50 100
Testfor overall afect Z=4.26 (° « 0.0001) Favours [experimental] Favours [control
Abbreviations: CTX-I, collagen cross-linked C-telopeptide type I; ER, estrogen.
Figure 4. Meta-analysis of the Influence of ER on BGP
Control group ER group Mean Difference Mean Difference
Sty 01 Sulear oaa Mea [ ol Mean S0 i il Raedom, 5% Cl ['A Riu[?] 5% Cl
Rawm P 2004 524 06 25 S84 067 50 361% -060[0.90,-0.30]
Se0 SK 2012 1376 2389 32 256 42 30 02% -11.84 2388 020 ]
Song Y2004 852 148 33 859 137 32 273I%  -1.07[1.70,-0.44] .
Slanosz § 2009 487 062 25 49 059 50 363% 003032028 "
Total (95% CI) 114 162 100.0%  -0.55[-1.13,0.04]
Heterogeneity, Tau*= 022, Ch*= 1566, df= 3 (P = 0.001); F= 81% b y ¥ 1
: : -100 -0 0 50 100
Taslfor overall gffect Z=1.84 (P = 0.0T) Favours [experimental] Favours [control]
Abbreviations: BGP, bone Gla protein; ER, estrogen.
Figure 5. Meta-analysis of the Influence of ER on Joint Pain
Control group ER group Hisk Ratio Risk Ratio
_Study or Subgroup  Events  Total Events Tofal Weight M-H, Random, 95% Ci -H, Random, 95% CI
Christgau § 2004 11 2 12 7 138% 310161, 5.98] —
Cirilla 0 2006 198 5196 169 5076 334% 1.14 [0.94, 1.40]
Mevilt MC 2001 141 542 101 427 324% 1.10[0.88, 1.37]
Ravwn P 2004 4 25 4 50 4E% 2.00 [0.55, T.34] N
Seo 5K 2012 7 32 3w A% 219 [0.62, 769 -
Song Y2004 g EY, 432 ET% 2.25 [0.77, B.57] T
Wong RH:X 2017 B 40 240 6% 3.00 [0.64, 13.96) =
Total (95% CI} 5888 5726 100.0% 149 [1.10, 2.02) >
Tolal events 76 205
:_ieh:lrrogenmb:.IT;u :g.!]i;;h:’;};;?]. di= 6 (P = 0.04); F= 54% oo o 10 100
estion overall gflect 2= 2 S Fawours [experimental] Favours [control]
Abbreviations: ER, estrogen.
Figure 6. Meta-analysis of the Influence of ER on Subjective Scores
Control group ER group Mean Difference Mean Difference
Sty o1 Susharoup Peian B S0 o, §5% C1 A
Newitt MC 2001 4854 521 542 474 509 427 475% 2400175309
Song YJ2004 B14 204 32 308 107 37 458%  306(2.26 386
Wong RHX 2017 7453 1488 40 8214 1281 40 B7% -T.51}1353,-1.49 -
Total {95% CIj 614 499 100.0% 204 [0.37, 3.71]
Heterogeneity Tau®= 1,47, Chi®= 1245, df = 2 (P = 0.002); F= 84% t F 1 F 1
e - 100 -50 0 50 100
Tasifor overall effeck 2= 2.40 (F=0.02) Favours [experimental] Favours [contral]
Abbreviations: ER, estrogen.
participants with joint pain postintervention than the control  conducted a WOMAC survey, Song et al**conducted a VAS survey
group did (P=.01). and Wong et al® conducted a SF-36 survey (data not shown).
Heterogeneity was present among the groups, and the research
Subjective Scores team used REM for the analysis (I*=84%). Figure 6 shows that the
Three studies®®** evaluated the changes in participants ER groups subjective scores were significantly different
subjective scores after ER application, among which Nevitt et al®  postintervention from those of the control group (P=.02).
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Figure 7. Funnel Plot. Figure 7A shows the influence of ER on CTX-II; Figure 7B shows the influence of ER on BGP; Figure 7C
shows the influence of ER on joint pain; and Figure 7D shows the influence of ER on subjective scores.

D,
%100 50 0 50 100

C

SE(logIRRD
0 SE(logIRRD

08
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Abbreviations: BGP, bone Gla protein; CTX-I, collagen cross-linked C-telopeptide type I; ER, estrogen.

Publication Bias

The analysis of the influence of ER on CTX-II, BGP, joint
pain, and subjective scores showed significant heterogeneity,
so the research team determined the consistency of the
results by changing to the fixed-effect model. That model
didn't significantly alter the results for ER, confirming their
reliability (data not shown: (1) CTX-II—MD=16.51, 95% CI
=approximately 15.29 to 17.73 and P<.001; (2) BGP—MD =
-0.39, 95% CI = approximately -0.59 to -0.19 and P <.05;
(3) joint pain—MD=1.21, 95%Cl= approximately 1.05 to
1.39) and P<.05; and (4) subjective scores—MD =2.59, 95%
CI=approximately 2.09 to 3.10 and P<.05.

Finally, the research team drew funnel plots to detect any
bias in the observed indicators. The funnel plot was basically
symmetrical, indicating a small bias in the included literature
(Figure 7).

DISCUSSION

The current review included studies using ER and
involving OA. The analysis revealed that the use of ER
contributed to varying degrees of improvement in CTX-II,
BGP, joint pain, and subjective scores, suggesting that ER has
great potential in future treatment of OA.

Not all past studies have indicated favorable effects for
ER on OA. The current research team feels that this result
may relate to Clusan et al’s' suggestion that the influence of

mERs on OA may not be significant because they mainly
exist in breast, heart, ovary, and neurolymphatic tissues.

The current research team feels that nERs, on the other
hand, are the key to the treatment of OA with ER at present,
because as Pettersson and Gustafsson found,” both nuclear
receptors have strong affinity for ER and can regulate target
cells and influence the inflammatory release of cells after
binding with ER recognition.

Cirillo et al’s, included in the current review, lasted only
one month,” which may be one reason for its unsatisfactory
effects because the participants’ pathological changes hadn’t
been stably controlled at that point.

The research team feels that the differences in the effects
of ER may be closely related to the regional distribution of
population, medication duration, medication dosage, sample
size, and disease site and believes that it’s worth carrying out
more in-depth and comprehensive experimental analyses to
achieve the clinical popularization of ER.

The current review may be biased in selection,
implementation, and measurement, because some of the
included studies didn’t give detailed descriptions of research
methods, allocation concealment, or blinding. In addition,
all of the studies analyzed were published, and the review
lacks evidence from nontraditional literature sources.
Therefore, in a follow-up study, the current research team
needs to include more relevant data to conduct a more
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comprehensive meta-analysis and obtain more accurate
experimental results.

CONCLUSION

ER can exert varying degrees of positive effects on OA
and can effectively ameliorate the pathological process of OA
in patients, and it may become an alternative for OA
treatment in the future, providing patients with better health
and life quality.
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