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Background: Recent studies on the risk of rheumatic disease among breast implant users have reported
conflicting results. The primary objective of this study was to provide a systematic and critical review of the
literature on the association between breast implants and the risk of rheumatic disease.

Methods: A qualitative systematic review was conducted in PubMed, MEDLINE, EMBASE, EBM-Reviews
and CINAHL Complete from database inception to June 23rd, 2021. Eligible papers were full-length articles in
English or French reporting original data on the incident risk of rheumatic disease among individuals with and
without breast implants. Data were extracted from published reports and appraised using the Newcastle-Ottawa
scale. The main outcome was incident risk of systemic sclerosis (SSc), Sjogren’s syndrome (SS), systemic lupus
erythematosus (SLE), rheumatoid arthritis (RA), fibromyalgia and other rheumatic disorders and symptoms.
Results: Out of 3,425 identified citations, 86 met inclusion criteria. Two cohort studies suggested a two-
fold increase in risk of SSc, whereas three case-control studies showed no increase in risk. Three cohort
studies did not find an increased risk of incident and confirmed SS among breast implant users, however
symptoms of sicca, myalgia and fatigue were reported more frequently. A meta-analysis of heterogenous
studies reported a less than two-fold increase in risk of RA. Studies did not support an association with
SLE. Insufficient evidence was available for autoimmune myositis and other rheumatic diseases. Implant
rupture detected on imaging was not clearly associated with incident rheumatic disease, although no studies
specifically examined the risk associated with acute/traumatic rupture. Little data was available on the safety
of saline breast implants. Explantation often led to temporary improvement.

Conclusions: Based on a small number of high-quality and methodologically robust studies, an association
between breast implants and a small increase in risk of SSc and RA could not be excluded. Symptoms of
sicca, myalgia and fatigue were reported more frequently among breast implant users. Overall, there remains
much uncertainty in regard to the association between breast implants and the risk of incident rheumatic
diseases. Individuals considering the placement of breast implants should be informed of this uncertainty.
Trial Registration: This study was registered in the PROSPERO database (#CRD42019133616).
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Introduction

Breast implants have been used for cosmetic and
reconstructive purposes since its introduction in 1962.
Multiple studies have since raised concerns relating to
their safety, with conflicting reports linking breast implants
to systemic autoimmune diseases. Silicone contained
within breast implants or as part of the capsules has been
hypothesized to induce autoimmunity through an adjuvant
effect in genetically predisposed individuals. Given growing
concerns over their safety, the United States Food and
Drug Administration (FDA) imposed a moratorium on
silicone breast implants in 1992. This moratorium, which
eventually extended worldwide, was lifted in 2006 based
on a lack of evidence of harm, and large post-approval
studies were launched to monitor the long-term safety of
breast implants. In 2008, an association between macro-
textured breast implants and a rare T-cell lymphoma was
identified (1) and later designated by the World Health
Organization as the “breast implant-associated anaplastic
large cell lymphoma” in 2016. This finding contributed to
renewed questions on the general safety of breast implants
by patients, the general public and the media, including in
regard to rheumatic diseases.

Conflicting results from post-approval studies (2,3) and
other large cohort studies have since been published, with
some reporting large increases in risk of connective tissue
diseases (CTDs), while others finding no association. In
September 2020, the FDA published recommendations
to incorporate the “breast implant illness” (encompassing
symptoms of joint pain, fatigue, memory loss, “brain
fog” and rash) as part of the informed consent form and
as a boxed warning for all types of breast implants (4).
In the midst of this debate, algorithms for screening and
management of rheumatic disease in the context of breast
implants were published, recommending pre- and post-
operative screening for rheumatic diseases, with the
rheumatologist being given a key role to recommend for or
against breast implant placement and removal (5,6).

In response to increasing demands for a rheumatologic
opinion on the role of breast implants in the risk and
management of rheumatic diseases, we undertook a
systematic, critical and up-to-date review of the literature
on the association between breast implants and rheumatic
diseases. The primary objective was to determine whether
individuals exposed to breast implants have an increased risk
of incident rheumatic disease. Secondary objectives were to
explore predictors and markers of rheumatic disease and to
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report on the course of rheumatic disease after explantation.
We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-266).

Methods
Data sources and search strategy

This systematic review was conducted using a pre-
defined protocol registered in the PROSPERO database
(#CRD42019133616). Five health-related databases with
international coverage (PubMed, MEDLINE, EMBASE,
EBM-Reviews and CINAHL Complete) and grey literature
(Supplementary File 1: https://cdn.amegroups.cn/static/
public/gs-21-266-1.pdf) were searched from database
inception to May 2™2019. No limit on date, language
or study type was placed on the initial database search.
The complete search (Supplementary File 1: https://cdn.
amegroups.cn/static/public/gs-21-266-1.pdf) was developed
with the assistance of a professional librarian. References of
selected papers were hand-searched to identify additional
relevant studies. Records were imported into an EndNote
database to facilitate removal of duplicates and article

screening. Final database search was conducted on June
23" 2021.

Eligibility criteria

We included published, full-length manuscripts reporting
original data (including meta-analyses, randomized
controlled trials, prospective and retrospective cohort
studies, case-control studies, cross-sectional studies and case
series) on human subjects in English or French language.
Due to the high risk of selection bias in case reports,
we selected studies that reported on at least 20 or more
study patients. Subjects of any gender could be included.
For the primary objective, the risk of incident rheumatic
disease was compared among individuals with and
without breast implants of any type. The main outcomes
were incident risks of systemic sclerosis (SSc), Sjogren’s
syndrome (SS), rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), autoimmune myositis, mixed CTD
(MCTD), undifferentiated CTD (UCTD), vasculitis,
spondyloarthropathies, sarcoidosis, fibromyalgia and chronic
fatigue syndrome (CFS). In addition, the incident risk of
rheumatic symptoms, such as Raynaud’s phenomenon,
arthralgias, myalgias and sicca, was also examined. For
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the secondary objectives, the risk of rheumatic disease
was compared according to the presence of predictors or
markers, among subjects with breast implants.

Study selection

Two independent reviewers (SH, KM) screened titles and
abstracts. Titles for which an abstract was unavailable or
for which the decision was uncertain were included for full-
text review. Any disagreement was resolved by consensus.
Two reviewers (SH, KM) screened full-text papers for final
selection and extracted data from published reports. Full-
text papers that could not be obtained through institutional
holdings were requested through interlibrary loans. All
papers not meeting eligibility criteria were excluded and
reason for exclusion was noted. If more than one study was
published with the same cohort, we retained the publication
with the largest sample.

Data extraction and data items

Data extraction was performed using a pre-piloted form
to collect characteristics of studies, populations (source,
selection criteria), breast implants (type, duration,
indication, complications), outcomes (definitions,
ascertainment, temporality), outcome measures [odds
ratios (OR), relative risks (RR), hazard ratios (HR) and
standardized incidence ratios (SIR) with 95% confidence
intervals (Cls), confounding variables used for adjustments,
% improvement after explantation] and funding sources.
Investigators communicated with study authors to obtain
additional data as needed.

Risk of bias assessment

Quality of cohort and case-control studies were assessed
using the Newcastle-Ottawa Scale (NOS) (7). The
maximum score was nine (four points for selection, two
points for comparability and three points for outcome
categories). Cross-sectional studies were evaluated using
the same criteria, with the understanding that the lack of
follow-up automatically reduced the score. Studies with
scores of six and above were classified as “high quality”.

Statistical analysis

In this qualitative systematic review, data were summarized
in tabular form by rheumatic disease, stratified by
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comparator population and ordered by NOS and sample
size. Descriptions of study features were tabulated next to
risk estimates to facilitate critical appraisal. Investigators
(SH, KM, JBT, MH, SCN) met in person on two occasions
to review the data and resolved disagreements by consensus.
Heterogeneity in study characteristics precluded further
quantitative analyses (see Discussion).

Results

Search results and reasons for exclusion are summarized in
Figure 1. The electronic search identified 3,425 potentially
relevant citations. Five additional citations were identified
through search of reference lists. After removal of duplicate
papers (n=1,401) and ineligible papers based on title and
abstract (n=1,762) and full text review (n=181), 86 studies
were selected for inclusion. Among these, 46 studies
addressed the risk of rheumatic disease; 7 additional
studies reported on disease predictors; 18 studies reported
on immunological markers; and 14 studies reported on
disease course after explantation. The majority (56%) were
published from 1992 to 2000, 29% were published from
2001 to 2010 and 14% were published from 2011 to 2021.

Risk of CTDs

SSc and Raynaud’s phenomenon

Studies reporting on the risk of SSc are presented in Table 1
(2,3,8-23). Although many of these studies were scored as
“high-quality” based on the NOS, few presented results
based on confirmed (rather than self-reported) and incident
(rather than prevalent) diagnoses of SSc, within cohorts of
sufficient sample size and with sufficient follow-up time
to detect this rare disease with possibly latent onset. After
excluding studies in which risk could not be estimated due
to zero values, two cohort studies and three case-control
studies met these criteria.

First, in a large Danish cohort of 2,761 women with
cosmetic breast implants identified from a national hospital
registry and from 8 private clinics, Fryzek et al. reported a
HR of 1.7 (95% CI: 0.4-7.7) for incident SSc compared to
women with other cosmetic surgeries or breast reductions,
and a SIR of 2.9 (95% CI: 0.6-8.3) compared to the general
population (8). Secondly, in a large Israeli cohort of 1,797
women with mostly cosmetic breast implants identified
from a national healthcare database reported by Watad
et al. (14), the prevalence OR was 1.63 (95% CI: 1.26-2.11),
but after excluding patients with any prevalent autoimmune
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Figure 1 PRISMA flowchart of study selection process.

or rheumatic disease, the HR was 2.43 (95% CI: 0.62-9.55)
compared to women from the community (disease-specific
HR obtained by personal communication). In the latter
analysis, the time at risk was censored at the onset of any
autoimmune or rheumatic disorder, such that the risk of SSc
may have been underestimated if onset of another disorder
(such as fibromyalgia or hypothyroidism) occurred prior
to SSc diagnosis. Overall, these two cohort studies did not
demonstrate a statistically significant increase in the risk of
incident SSc, although Cls were wide, with point estimates
suggesting an over two-fold risk increase. In addition, three
high-quality case-control studies reported no increase
in odds of breast implant exposure among SSc patients
compared to community or general practice controls, with
a combined OR of 1.02 (95% CI: 0.56-1.84) (20,22,24).
Interestingly, two studies reported a higher frequency of
past exposure to breast implants in SSc patients with anti-
RNA polymerase III autoantibodies (13-16%) compared
to SSc patients with anti-topoisomerase I (0-0.6%) or anti-
centromere autoantibodies (1.0-1.2%) (25,26).
Furthermore, the risk of self-reported symptoms of
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Raynaud’s phenomenon (Supplementary File 2: https://cdn.
amegroups.cn/static/public/gs-21-266-2.pdf) (9,10,12,15,27-
35) was higher in patients with breast implants in three
studies (9,28,33), including a large study by Brinton et 4/. in
which Raynaud’s was reported in 1.3% of 7,234 women with
cosmetic breast implants, compared to only 0.5% of women
with other cosmetic surgeries (RR 2.6, 95% CI: 1.3-5.1) (9).
In contrast, the risk of Raynaud’s phenomenon was not
increased in five other smaller studies (10,12,29-31).

SS and sicca symptoms

Three cohort studies reported on the risk of incident and
confirmed diagnoses of SS (Table 2). In the Danish cohort
by Fryzek et al., the risk of SS was not increased among
women with cosmetic breast implants compared to other
cosmetic surgeries or breast reductions (HR 1.3, 95% CI:
0.3-7.2) or compared to national rates (SIR 1.0, 95% CI:
0.1-3.5) (8). In the Israeli cohort by Watad et 4., breast
implants were associated with an increased risk of prevalent
SS (OR 1.58, 95% CI: 1.26-1.97) (14), but after excluding

patients with any prevalent autoimmune or rheumatic
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Table 1 Summary of studies reporting on the association between breast implants and risk of systemic sclerosis
% in
Study (year) . . Implant Comparator Measure of Follow-up, )
(reference) sﬂ:;;oge, group, n/N* group, n/N*  effect (95% ClI) years Adjustments Notes NOS  §
Cohort studies comparing with other cosmetic surgeries or breast reduction surgeries
Fryzek et al. >84%;  3/2,761 5/8,807 HR 1.7 (0.4-7.7) 13.4 Age, sex, calendar  Danish national 9 NR
(2007) (8) 100% C year, clinic, time  hospital registry +
since operation private clinics
Cohort studies comparing with other cosmetic surgeries
Brinton et al. 50%; 2/7,234 0/2,138 RR NR (0.4-NR) 121 Age, sex, race, 18 plastic surgery 9 NR
(2004) (9) 100% C (confirmed) calendar period practices
23/7,234 3/2,138 RR 3.0 (0.8-10.9) 8
(self-reported)
Englert et al. 100%; 1/458 1/687 RR 1.50 15 Age, sex, clinic, 16 plastic surgery 9 Yes
(2001) (10) 100% C (0.09-24.06) calendar year practices
Edworthy etal.  71%; 0/1,576 3/725 RR O 12 N/A Canadian provincial 8 No
(1998) (11) 100% C health registry
Wells et al. 100%; 0/222 0/80 RR not <5 N/A Single plastic 6 NR
(1994) (12) % C NR calculable surgery practice
Cohort studies comparing with breast reduction surgeries
Nyren et al. 56%; 0/7,442 3/3,353 RR 0 8.0 N/A Swedish national 8 Yes
(1998) (13) 100% C inpatient registry
Cohort studies comparing with women from the community without breast implants
Watad et al. 100%; 101/24,651 242/98,604 OR 1.63 (1.26-2.11) 9.7 Age, sex, SES, Israeli healthcare 8 No
(2018) (14) 95% C (prevalence) smoking, breast database
cancer
3/1,797 7/7,109 HR 2.43 (0.62-9.55) 9
(incidence)*
Gabriel et al. 85%; 0/749 1/1,498 RR 0 7.8 N/A Tertiary care and 8 No
(1994) (15) 71% C affiliated centers
Cohort studies comparing with female health professionals without breast implants
Sanchez- 74%; 0/1,183  14/86,318 RR 0O 9.9 N/A Nurses’ Health 7  Yes
Guerreroetal. 50% C Study
(1995) (16)
Hennekens NR; % C 10/10,830 314/384,713 HR 1.84 (0.98-3.46) <4->=10 Age, sex, calendar Women'’s Health 6 Yes
et al. (1996) (17) NR (self-reported) year, cancer, Study
implant duration
Leeetal (2011) 70%; 1/3,950 4/19,897 HR NR 3.6 N/A Women'’s Health 5 Yes
(18) 68% C Study
Cohort studies comparing with post-mastectomy reconstructive surgeries without implants
Greenland NR; % C 1/31,820 NR RR 1.56 (0.34-7.08) Limited Age, sex, time  Medicare (age =65); 4  Yes
et al. (2000) (19) NR person-y for SSc/myositis/ since surgery prevalent not
fibrosclerosis excluded
Cohort studies comparing with national rates
Fryzek et al. >84%; 3/2,761 NR SIR 2.9 (0.6-8.3) 13.4 Age, sex, calendar  Danish national 9 NR
(2007) (8) 100% C period hospital registry +

private clinics

Table 1 (continued)
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Table 1 (continued)
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% in
Study (year) . . Implant Comparator Measure of Follow-up, .
(reference) sﬂ:;:oge, group, n/N* group, n/N*  effect (95% Cl) years Adjustments Notes NOS
0
Coroneos etal. 100%; 46/41,975 0.6/10,000 SIR 7.00 7 Age, sex, race  United States LPAS 7 No
(2019) (2 83% C person-y (5.12-9.34) 21% 3-y follow-up
(self-reported)
Singh et al. 100%; 2/40,396 6.1/100,000 SIR 0.2 (95% Cl: 5-8 Age, sex, race  United States LPAS 7  Yes
(2017) (3) 87% C person-y NR) (excluding 61% 5-y follow-up
CREST)
Nyren et al. 56%; 1/7,442 NR SHR 0.8 (0.0-4.4) 8.0 Age, sex, calendar Swedish national 7  Yes
(1998) (13) 100% C (prevalent) (based on 1 year inpatient registry
prevalent case)
Case-control studies
Englert et al. 100% 3/286; 2/253; OR 1.00 1-8 Age, sex, ethnicity, General practice 8 No
(1996) (20) 100% C 50-100% C (0.16-6.16) (cases) SES, time since controls without
implant SSc
Burns et al. 100% 2/274; 14/1,184; OR 0.95 1-12 Age, sex, race, Community 7  Yes
(1996) (21) 50% C 57% C (0.21-4.36) (cases) birth year controls
Hochberg etal. 100% 11/837; 31/2,507; OR1.10 11 Age, sex, race, Community 6 Yes
(1996) (22) % C NR % C NR (0.54-2.23) site controls, no CTD
Goldman et al. 85%; 0/64 138/3,508 OR 0.00 8.3 Age, sex, income, Rheumatology 6 Yes
(1995) (23) % C NR (0.00-2.05) (cases) period practice controls,
no CTD/RA

*, for case-control studies, case group (n breast implants/N); control group (n breast implants/N). In Watad et al., disease-specific HRs
were obtained by personal communication. C, cosmetic augmentation; Cl, confidence interval; CTD, connective tissue disease; HR,
hazard ratio; LPAS, long-term post-approval study; N/A, not applicable; NOS, Newcastle-Ottawa scale; NR, not reported; OR, odds ratio;
RA, rheumatoid arthritis; RR, relative risk; SES, socioeconomic status; SHR, standardized hospitalization ratio; SIR, standardized

incidence ratio; SSc, systemic sclerosis; y, years; $, potential financial or other conflict of interest.

disease, the HR was 1.11 (95% CI: 0.22-5.50) (personal
communication) among women with breast implants
compared to women from the community. Once again,
this risk may have been underestimated if onset of another
autoimmune or rheumatic disorder preceded the diagnosis
of SS. Finally, in a Canadian cohort of 1,576 women with
cosmetic breast implants identified from a provincial health
registry, the risk of SS was not increased compared to 725
women undergoing other cosmetic surgeries (RR 0.99, 95%
CI: 0.17-5.94) (11).

Furthermore, four cohort studies from the United States
evaluated the risk of incident but self-reported diagnoses of
SS. In the study by Brinton ez 4l., the risk of SS was much
higher among 7,234 patients with cosmetic breast implants
identified from 18 plastic surgery practices, compared to
2,138 patients with other types of plastic surgeries (RR
11.7, 95% CI: 2.5-54.9) (9). However, when the diagnosis

was reviewed by two rheumatologists, less than half of
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self-reported SS were deemed likely to represent SS (9).
In addition, in the Women’s Health Study, a retrospective
study by Hennekens ez 4/. found a HR of 1.49 (95% CI:
0.97-2.28) for self-reported diagnoses of SS among 10,830
female health professionals with breast implants (17),
and a prospective study by Lee et /. reported a HR of
2.78 (95% CI: 1.29-5.98) for diagnoses of SS based on a
validated patient questionnaire among 3,950 female health
professionals with breast implants (18). Finally, in the large
prospective study by Coroneos ez a/., which followed 41,975
patients with breast implants, the SIR for self-reported
SS was 8.14 (95% CI: 6.24-10.44) over 7 years of follow-
up, albeit with significant attrition rates, with only 21% of
patients being followed at 3 years (2).

In addition, three high-quality cohort studies found an
increased risk in sicca symptoms among breast implant
users compared to those with breast reduction surgeries (OR
2.2-2.5, P<0.05 for sand or gravel sensation in the eyes) (28),
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Table 2 Summary of studies reporting on the association between breast implants and risk of Sjogren’s syndrome
% in
Study (year) silicone; Implant ) Comparato:’ Measure of effect Follow-up, Adjustments Notes $
(reference) % C group, n/N* group, n/N (95% Cl) years
(0]
Cohort studies comparing with other cosmetic surgeries and breast reduction surgeries
Fryzek et al. >84%; 2/2,761 6/8,807 HR 1.3 (0.3-7.2) 13.4 Age, sex, calendar  Danish national NR
(2007) (8) 100% C year, clinic, time  hospital registry +
since operation private clinics
Cohort studies comparing with other cosmetic surgeries
Brinton et al. 50%; 6/7,234 0/2,138 RR NR (0.4-NR) 12.1 Age, sex, race, 18 plastic surgery NR
(2004) (9) 100% C (confirmed) calendar period practices
43/7,234 2/2,138 RR 11.7 (2.5-54.9)
(self-reported)
Edworthy etal. 71%; 5/1,576 4/725 RR 0.99 (0.17-5.94) 12 Age, sex Canadian No
(1998) (11) 100% C provincial health
registry
Cohort studies comparing with breast reduction surgeries
Nyren et al. 56%; 1/7,442 0/3,353 RR not calculable 8.0 N/A Swedish national Yes
(1998) (13) 100% C inpatient registry
Cohort studies comparing with women from the community without breast implants
Watad et al. 100%; 123/24,651 344/98,604 OR 1.58 (1.26-1.97) 9.7 Age, sex, SES, Israeli healthcare No
(2018) (14) 95% C (prevalence) smoking, breast database
2/1,797  8/7,109 HR 1.11 (0.22-5.50) cancer
(incidence)*
Gabiriel et al. 85%; 1/749 0/1,498 RR not calculable 7.8 N/A Tertiary care and No
(1994) (15) 71% C affiliated centers
Cohort studies comparing with female health professionals without breast implants
Sanchez- 74%; 0/1,183 2/86,318 RR 0 9.9 N/A Nurses’ Health Yes
Guerreroetal. 50% C Study
(1995) (16)
Hennekens NR; % C 22/10,830 752/384,713 HR 1.49 (0.97-2.28) <4->10 Age, sex, calendar Women’s Health Yes
et al. (1996) NR (self-reported) year, cancer, Study
(17) implant duration
Lee et al. 70%; 13/3,950 25/19,897 HR 2.78 (1.29-5.98) 3.6 Age, sex, body Women'’s Health Yes
(2011) (18) 68% C (validated patient mass index, Study
questionnaire) smoking, hormone,
cancer
Cohort studies comparing with post-mastectomy reconstructive surgeries without implants
Greenland NR; % C 6/31,820 NR RR 2.21 (1.00-4.93) Limited Age, sex, time Medicare (age Yes
et al. (2000) NR person-y for sicca/Sjogren’s since surgery >65); prevalent not
(19) excluded
Cohort studies comparing with national rates
Fryzek et al. >84%; 2/2,761 NR SIR 1.0 (0.1-3.5) 13.4  Age, sex, calendar  Danish national NR
(2007) (8) 100% C period hospital registry +

private clinics

Table 2 (continued)

© Gland Surgery. All rights reserved.

Gland Surg 2021;10(8):2557-2576 | https://dx.doi.org/10.21037/gs-21-266



2564

Table 2 (continued)
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% in
Study (year) silicone; Implant ) Comparato*r Measure of effect Follow-up, Adjustments Notes NOS $
(reference) % C group, n/N* group, n/N (95% Cl) years
(]
Coroneos 100%; 62/41,975 0.7/10,000 SIR 8.14 7 Age, sex, race  United States LPAS 7 No
etal. (2019) 83% C person-y (6.24-10.44) 21% 3-y follow-up
2 (self-reported)
Singh et al. 100%; 17/40,396 9.1/100,000 SIR1.3 5-8 Age, sex, race  United States LPAS 7 Yes
(2017) (3) 87% C person-y (95% Cl: NR) 61% 5-y follow-up
Nyren et al. 56%; 3/7,442 NR SHR 1.8 (0.4-5.4) 8.0 Age, sex, calendar Swedish national 7 Yes
(1998) (13) 100% C (2 prevalent) (mostly prevalent) year inpatient registry
Case-control studies
Goldman 85%; % 2/49 138/3,508 OR 1.46 (0.36-6.39) 8.3 Age, sex, income, Rheumatology 6 Yes
et al. (1995) CNR (1 prevalent) (cases) period practice controls,
(23) no CTD or RA; FM

not excluded

*, for case-control studies, case group (n breast implants/N); control group (n breast implants/N). In Watad et al., disease-specific HRs
were obtained by personal communication with study authors. C, cosmetic augmentation; Cl, confidence interval; CTD, connective tissue
disease; FM, fibromyalgia; HR, hazard ratio; N/A, not applicable; NOS, Newcastle-Ottawa scale; NR, not reported; OR, odds ratio; RA,
rheumatoid arthritis; RR, relative risk; SES, socioeconomic status; SHR, standardized hospitalization ratio; SIR, standardized incidence

ratio; y, years; $, potential financial or other conflict of interest.

other cosmetic surgeries (OR 2.43, 95% CI: 1.29-4.57 for
regularly burning eyes) (31), or from the general population
[OR 4.5, 95% CI: 1.0-20.7 for dry mouth (29)]. Conversely,
two high-quality cohort studies reported no increased
risk in sicca symptoms compared to patients with other
cosmetic surgeries (27) or from the community (15)
(Supplementary File 2: https://cdn.amegroups.cn/static/
public/gs-21-266-2.pdf).

Opverall, the above results are consistent with conclusions
from the meta-analysis by Balk er /., which reported an
increased risk of self-reported diagnoses of SS (8.21, 95%
CI: 2.38-28.4), but not of confirmed diagnoses (1.26, 95%
CI: 0.36-4.46) (36).

RA and joint-related symptoms

Nine cohort studies reported on the risk of incident and
confirmed diagnoses of RA and found no significant
increase in risk among women with breast implants
compared to women with other cosmetic or breast
reduction surgeries (8-11,13) or from the community (14),
to female health professionals (16,18) or to national rates
(2,8) (Table 3) (37,38). Average risk estimates mostly ranged
from 1.3 to 1.9 with wide Cls. A meta-analysis by Balk ez .
reported an overall effect size of 1.38 (95% CI: 1.06-1.80)
after combining mostly unadjusted and inadequately

© Gland Surgery. All rights reserved.

adjusted results from eleven studies with heterogeneous
methodologies, including different comparator populations
and studies with self-reported diagnoses (36). In addition,
five studies reported on the incidence of joint-related
symptoms (Supplementary File 2: https://cdn.amegroups.
cn/static/public/gs-21-266-2.pdf). The risk of joint pain was
increased in some studies (28,31), but not others (12,29).
Two studies reported a 1.8 to 2.3-fold increase in risk
of morning or joint stiffness among women with breast
implants compared to women with other cosmetic surgeries
or from the general population (15,29). Joint swelling was
not more frequently reported (12,27-29,31).

SLE and related symptoms

Five cohort studies with sufficient follow-up time found no
association between breast implants and incident confirmed
diagnoses of SLE, compared to women with other cosmetic
surgeries (11) or breast reduction (13), to women from the
community (14) or to national rates (3,8) (Table 4) (39,40).
Meta-analyses also found no association with SLE (36,41).
The risk of photosensitivity was increased in one small
study (31), but not in others (15,28-30,34) (Supplementary
File 2: https://cdn.amegroups.cn/static/public/gs-21-266-
2.pdf). Cohort studies reported no increased risk of malar
or discoid rash (15), oral ulcers (15,28,29,31), serositis or
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Table 3 Summary of studies reporting on the association between breast implants and risk of rheumatoid arthritis
Study (year) % in Implant Comparator Measure of effect Follow-u
v silicone; P . P N P Adjustments Notes NOS §$
(reference) % C group, n/N group, n/N (95% Cl) years
(o]
Cohort studies comparing with other cosmetic surgeries and breast reduction surgeries
Fryzek et al. >84%; 15/2,761 49/8,807 HR 1.3 (0.7-2.5) 13.4 Age, sex, calendar  Danish national NR
(2007) (8) 100% C year, clinic, time  hospital registry +
since operation private clinics
Cohort studies comparing with other cosmetic surgeries
Brintonetal.  50%; 16/7,234 4/2,138 RR 1.3 (0.5-3.8) 12.1 Age, sex, race, 18 plastic surgery NR
(2004) (9) 100% C (confirmed) calendar period practices
258/7,234 49/2,138 RR 1.9 (1.4-2.7)
(self-reported)
Englertetal. 100%; 2/458 1/687 RR 3.01 15 Age, sex, clinic, 16 plastic surgery Yes
(2001) (10) 100% C (0.27-33.28) calendar year practices
Edworthy 71%; 11/1,576 6/725 RR 1.44 12 Age, sex Canadian No
etal. (1998) 100% C (0.50-4.15) provincial health
(11) registry
Cohort studies comparing with breast reduction surgeries
Nyren et al. 56%; 11/7,442 5/3,353 RR 1.3 (0.7-2.5) 8.0 Age, sex, follow-up Swedish national Yes
(1998) (13) 100% C inpatient registry
Cohort studies comparing with women from the community without breast implants
Watad et al. 100%; 278/24,651 970/98,604 OR 1.19 (1.03-1.38) 9.7 Age, sex, SES, Israeli healthcare No
(2018) (14) 95% C (prevalence) smoking, breast database
71,797 17/7,109  HR 1.75 (0.70-4.33) cancer
(incidence)*
Gabrieletal.  85%; 0/749 2/1,498 RR O 7.8 N/A Tertiary care and No
(1994) (15) 71% C affiliated centers
Cohort studies comparing with female health professionals without breast implants
Sanchez- 74%; 3/1,183 389/86,318 RR 0.9 (0.3-2.6) 9.9 Age, sex Nurses’ Health Yes
Guerrero etal. 50% C Study
(1995) (16)
Hennekens NR; % C 107/10,830 6,322/384,713 HR 1.18 <4-=10 Age, sex, calendar Women’s Health Yes
et al. (1996) NR (0.97-1.43) year, cancer, implant Study
(17) (self-reported) duration
Lee et al. 70%; 12/3,950 32/19,897 HR 1.30 3.6 Age, sex, body Women’s Health Yes
(2011) (18) 68% C (0.56-3.04) mass index, Study
smoking, hormone,
cancer
Cohort study comparing with post-menopausal women
Rubin et al. 67%; 67/1,241 4,545/85,350 P=0.367 Age, sex; breast Women'’s Health No
(2010) (37) 100% C (self-reported) cancer excluded Initiative;
prevalent?

Table 3 (continued)
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Table 3 (continued)

% in
Study (year) silicone; Implant ) Comparato*r Measure of effect Follow-up, Adjustments Notes NOS  §
(reference) % C group, n/N group, n/N (95% Cl) years
(]

Cohort study comparing with post-mastectomy reconstructive surgery without implants

Park et al. 100%; 1/207 1/88 OR 0.62 5.9 Age, sex, cancer Inpatient unit; 6 No

(1998) (30) 0% C (0.02-23.05) stage, time of  unclear if prevalent

surgery diagnoses

Greenland NR; %  26/31,820 NR RR 1.10 Limited Age, sex, time since  Medicare (age 4 Yes

et al. (2000) CNR person-y (0.75-1.61) surgery >65); prevalent not

(19) excluded

Cohort studies comparing with national rates

Fryzek et al. >84%; 17/2,761 NR SIR 1.3 (0.8-2.2) 13.4 Age, sex, calendar  Danish national 9 NR
(2007) (8) 100% C (15 confirmed) period hospital registry +
private clinics

Coroneos 100%; 349/41,975 5.4/10,000 SIR 1.11 7 Age, sex, race  United States LPAS 7 No
etal. (2019) 83% C MemoryGel person-y (0.86-1.41) 21% 3-y follow-up
@ (self-reported)

100%; 4/41,342 SIR0.15 2 Age, sex, race  United States LPAS 7

87% C Natrelle (0.04-0.38) 61% 2-y follow-up
Nyren et al. 56%; 19/7,442 NR SHR 1.0 (0.6-1.5) 8.0 Age, sex, calendar Swedish national 7  Yes
(1998) (13) 87% C (8 prevalent, 1 (includes prevalent year inpatient registry

misclassified) and misclassified)
Case-control studies

Goldman 85%; % 9/392 138/3,508 OR 0.84 8.3 (cases) Age, sex, income, Rheumatology 6 Yes
et al. (1995) C NR (4 prevalent) (0.41-1.62) period practice controls,
(23) no CTD or RA
Wolfe et al. 100%; 3/464 () 2/261; (I) () OR 0.84 (0.14- NR Sex; no difference (l) Osteoarthritis; (I) 4  Yes
(1999) (38) % CNR 1/503 5.05), (Il) OR 3.28 if adjusted for age community

(0.34-31.66)

*, for case-control studies, case group (n breast implants/N); control group (n breast implants/N). In Watad et al., disease-specific HRs
were obtained by personal communication. C, cosmetic augmentation; Cl, confidence interval; CTD, connective tissue disease; HR,
hazard ratio; N/A, not applicable; NOS, Newcastle-Ottawa scale; NR, not reported; OR, odds ratio; RA, rheumatoid arthritis; RR, relative
risk; SES, socioeconomic status; SHR, standardized hospitalization ratio; SIR, standardized incidence ratio; y, years; $, potential financial
or other conflict of interest.

pleuritis (15,29,31), proteinuria or kidney disease (31),
cytopenia (31), or livedo reticularis (10), although CIs were
often wide.

Risk of fibromyalgia and/or CFS

Four high-quality cohort studies examined the risk of
incident diagnoses of fibromyalgia and/or CFS with
sufficient follow-up time (Table 5) (42-44). In the Israeli
database by Watad et al. (14), after excluding patients with
any prevalent autoimmune or rheumatic disease, the HR

© Gland Surgery. All rights reserved.

was 2.24 (95% CI: 1.47-3.39) for being diagnosed with
fibromyalgia and/or CFS among 1,797 women with breast
implants compared to 7,109 women from the community
(personal communication).

In the study by Brinton et 4/., the risk of self-reported
CFS was higher among 7,234 women with cosmetic breast
implants compared to those with other cosmetic surgeries
(RR 2.4, 95% CI: 1.6-3.6) (9). When stratified according
to the period of diagnosis, the risk estimates were higher
during or after 1992, year during which the risks of breast
implants were highly mediatized: for CFS, the RR increased

Gland Surg 2021;10(8):2557-2576 | https://dx.doi.org/10.21037/gs-21-266



Gland Surgery, Vol 10, No 8 August 2021 2567
Table 4 Summary of studies reporting on the association between breast implants and risk of systemic lupus erythematosus
% in
Study (year) silicone; Implant %roup, Comparato: Measure of effect Follow-up, Adjustments Notes NOS  §
(reference) % C n/N group, n/N (95% Cl) years
0
Cohort studies comparing with other cosmetic surgeries and breast reduction surgeries
Fryzek et al. >84%; 0/2,761 11/8,807 HR NR 13.4 Age, sex, Danish national 9 NR
(2007) (8) 100% C calendar year, hospital registry +
clinic, time since  private clinics
operation
Cohort studies comparing with other cosmetic surgeries
Englert et al. 100%; 0/458 3/687 RR O 15 Age, sex, clinic, 16 plastic surgery 9 Yes
(2001) (10) 100% C calendar year; practices
excluded cancer
Brinton et al. 50%; 72/7,234 10/2,138 RR 2.1 (1.1-4.2) 121 Age, sex, race, 18 plastic surgery 8 NR
(2004) (9) 100% C (self-reported) calendar period practices
Edworthy etal.  71%; 3/1,576 3/725 RR 0.94 (0.17-5.23) 12 Age, sex Canadian provincial 8 No
(1998) (11) 100% C health registry
Wells et al. 100%; 0/222 0/80 RR not calculable <5 N/A Single plastic 6 NR
(1994) (12) % C NR surgery practice
Cohort studies comparing with breast reduction surgeries
Nyren et al. 56%; 3/7,442 3/3353 RR 0.7 (0.3-1.6) 8.0 Age, sex, Swedish national 8 Yes
(1998) (13) 100% C follow-up inpatient registry
Cohort studies comparing with women from the community without breast implants
Watad et al. 100%; 117/24,651 457/98,604 OR 1.05 (0.84-1.30) 9.7 Age, sex, SES, Israeli healthcare 8 No
(2018) (14) 95% C (prevalence) smoking, breast database
2/1,797 7/7109  HR0.78 (0.11-5.6) cancer 9
(incidence)*
Gabiriel et al. 85%; 0/749 0/1,498 RR not calculable 7.8 N/A Tertiary care and 8 No
(1994) (15) 71% C affiliated centers
Cohort studies comparing with female health professionals without breast implants
Sanchez- 74%; 0/1,183 96/86,318 RR O 9.9 N/A Nurses’ Health 7 Yes
Guerreroetal. 50% C Study
(1995) (16)
Hennekens NR; 32/10,830 1,561/384,713HR 1.15 (0.81-1.63) <4->10 Age, sex, Women’s Health 6 Yes
etal. (1996) (17) 100% C (self-reported) calendar year, Study
cancer, implant
duration
Leeetal. (2011) 70%; 8/3,950 19/19,897 HR 2.27 (0.93-5.54) 3.6 Age, sex, body Women'’s Health 5 Yes
(18) 68% C (self-reported) mass index, Study
smoking,
hormone, cancer
Cohort study comparing with post-mastectomy reconstructive surgery without implants
Greenlandetal. NR; 17/31,820 NR RR 2.74 (1.66-4.55) Limited Age, sex, time Medicare (age =65); 4 Yes
(2000) (19) % CNR  person-y since surgery prevalent not
excluded
Table 4 (continued)
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Table 4 (continued)
Study (year) % in Implant group, Comparator Measure of effect Follow-u
vy silicone; P % P, P . P, Adjustments Notes NOS $
(reference) % C n/N group, n/N (95% Cl) years
(]

Cohort studies comparing with national rates

Fryzek et al. >84%; 2/2,761 (0 NR SIR 0.9 (0.1-2.9) 13.4 Age, sex, Danish national 9 NR

(2007) (8) 100% C confirmed) calendar period hospital registry +

private clinics
Coroneos etal. 100%; 66/41,975 5.4/10,000 SIR 1.11 (0.86-1.41) 7 Age, sex, race United States LPAS 7 No

(2019) 2 83% C (Memory Gel)  person-y (self-reported) 21% 3-y follow-up
100%; 3/41,342 SIR 0.11 (0.02-0.32) 2 Age, sex, race United States LPAS 7 No
87% C (Natrelle) 61% 2-y follow-up
Singh et al. 100%;  12/40,396 54.4/100,000 SIR 0.1 5-8 Age, sex, race United States LPAS 7 Yes
(2017) (3) 87% C person-y (95% CI: NR) 61% 5-y follow-up
(lupus/lupus-like)
Nyren et al. 56%; 717,442 NR SHR 1.8 (0.7-13.7) 8.0 Age, sex, Swedish national 7 Yes
(1998) (13) 100% C (3 prevalent, 1 (includes prevalent calendar year  inpatient registry
misclassified) and misclassified)
Case-control studies
Goldman etal. 85%; % 1/179 138/3,508 OR 0.14 (0.02-1.23) 8.3 Age, sex, Rheumatology 6 Yes
(1995) (23) CNR (prevalent) (cases) income, period practice controls, no
CTD or RA
Bengtsson et al. 100%; % 3/85 1/205 OR NR NR N/A Community controls 6 No
(2002) (39) CNR
Strom et al. 100%; % 1/133 8/4,754 OR 4.5 8 (cases) Sex Community controls 3 No
(1994) (40) CNR (90% ClI: 0.2-27.3)

*, for case-control studies, case group (n breast implants/N); control group (n breast implants/N). In Watad et al., disease-specific HRs
were obtained by personal communication. C, cosmetic augmentation; Cl, confidence interval; CTD, connective tissue disease; HR,
hazard ratio; N/A, not applicable; NOS, Newcastle-Ottawa scale; NR, not reported; OR, odds ratio; RA, rheumatoid arthritis; RR, relative
risk; SES, socioeconomic status; SHR, standardized hospitalization ratio; SIR, standardized incidence ratio; y, years; $, potential financial

or other conflict of interest.

from 1.9 (95% CI: 1.1-3.2) to 3.3 (95% CI: 1.7-6.3), and
for fibromyalgia, the RR increased from 0.9 (95% CI: 0.6-
1.4) to 1.9 (95% CI: 1.2-3.0).

In the Danish cohort, the risk of fibromyalgia was not
higher among 2,761 women with cosmetic breast implants
compared to those with other cosmetic surgeries (HR 1.2,
95% CI: 0.6-2.1) (8). However, compared to national rates
standardized for age, sex and calendar period, both women
with breast implants (SIR 1.9, 95% CI: 1.6-2.2) and with
other cosmetic surgeries (SIR 1.5, 95% CI: 1.4-1.7) had an
increased incidence of unspecified rheumatism, including
fibromyalgia and myalgia.

Finally, Nyren et al. reported no increased risk of
fibromyalgia among 7,442 women with breast implants

© Gland Surgery. All rights reserved.

identified in the Swedish national inpatient registry,
compared to women with breast reductions (RR 1.0,
95% CI: 0.3-3.0) (13). However, this study was limited to
hospitalization data and would have missed fibromyalgia
cases managed in outpatient settings.

Several studies also explored the risk of symptoms
associated with fibromyalgia. Englert et 4/. found that
among 458 women with breast implants identified from 16
plastic surgery practices, clusters of symptoms including
myalgia, stiffness, low energy, pins and needles and poor
memory, among others, were increased over two-fold
compared to women with non-silicone plastic surgeries (27).
Fryzek et al. also found that women with breast implants
from an inpatient Swedish registry had a 1.3- to 1.5-fold
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Table 5 Summary of studies reporting on the association between breast implants and risk of fibromyalgia and/or chronic fatigue syndrome

% in
Study (year) silicone; Implant giroup, Comparato*r Measure of effect Follow-up, Adjustments Notes NOS  $
(reference) % C n/N group, n/N (95% Cl) years

()

Cohort studies comparing with other cosmetic surgeries and breast reduction surgeries

Fryzek et al.
(2007) (8)

>84%;  17/2,761 37/8,807  HR1.2(0.6-2.1)
100% C (FM)

Cohort studies comparing with other cosmetic surgeries

Brintonetal. 50%; 311/7,234 57/2,138 RR 1.3 (0.9-1.7)

(2004) (9) 100% C (FM, self-reported)
246/7,234 27/2,138 RR 2.4 (1.6-3.6)

(CFS, self-reported)

Englertetal. 100%; 1/329 3/377 OR 0.38 (0.04-3.67)
(2001) (10)  100% C (FM, prevalent)

Cohort studies comparing with breast reduction surgeries

Nyren et al. 56%; 8/7,442 4/3,353 RR 1.0 (0.3-3.0)
(1998) (13) 100% C (FM)
Breiting et al. 100%; 13/190 17/186 OR 0.7 (0.3-1.5)
(2004) (33) 100% C (FM/post-infectious

arthritis,
self-reported)

Cohort studies comparing with women from the community without breast implants

Watad etal. 100%; 1,997/24,651 6,106/98,604 OR1.37
(2018) (14) 95% C (1.29-1.45) (FM/
CFS, prevalence)
38/1,797 72/7,109 HR 2.24 (1.47-3.39)
(FM/CFS,
incidence)*
Breiting et al. 100%; 13/190 10/149 OR 1.0 (0.4-2.4)
(2004) (33) 100% C (FM/post-infectious

arthritis,
self-reported)

Cohort study comparing with women from rheumatology practice

Khooetal.  100%; 6/30 1/458Sc,  P=0.01(SSo),
(2019) (42) % CNR 8/45 SLE P=1.00 (SLE)
(FM/CFS)

Cohort studies comparing with national rates

Fryzek etal. >84%; 175/2,761 NR SIR 1.9 (1.6-2.2)

(2007) (8) 100% C (unspecified
rheumatisms,
including FM)

13.4

121

15

8.0

19

9.7

16.1

13.4

Age, sex, calendar
year, clinic, time
since operation

Age, sex, race,
calendar period

Age, sex, clinic,
calendar year;
excluded cancer

Age, sex,
follow-up

Age, sex,
date of surgery,
hospital/clinic

Age, sex, SES,
smoking, breast
cancer

Age, sex, date

Age, sex

Age, sex, calendar
period

Danish national
hospital registry +
private clinics

18 plastic surgery
practices

16 plastic surgery
practices

Swedish national
inpatient registry

1 public hospital,
1 private plastic
surgery practice

Israeli healthcare
database

1 public hospital,
1 private plastic
surgery practice

Rheumatology
practice

Danish national
hospital registry +
private clinics

NR

NR

Yes

Yes

Yes

No

Yes

No

NR

Table 5 (continued)
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Table 5 (continued)
Study (year) silicone; Implant giroup, Comparato*r Measure of effect Follow-up, Adjustments Notes NOS  $
(reference) % C n/N group, n/N (95% Cl) years
(]
Coroneos 100%; 307/41,975 112.8/10,000 SIR 0.25 (0.22-0.28) 7 Age, sex, race  United States LPAS 7 No
etal. (2019) 83% C (Memory Gel) person-y  (FM, self-reported) 21% 3-y follow-up
@ 100%; 9/41,342 SIR 0.02 (0.01-0.03) 2 Age, sex, race  United States LPAS 7
87% C (Natrelle) (FM) 61% 2-y follow-up
Nyren et al. 56%; 14/7,442 NR SHR 1.6 (0.9-2.7) 8.0 Age, sex, calendar Swedish national 7 Yes
(1998) (13)  100% C (1 prevalent, 5 (includes prevalent year inpatient registry
misclassified) and misclassified)
Case-control studies
Lai et al. 96%; % 16/484 61/1,532 OR0.74 (0.42-1.32) NR Age, sex, income,  Rheumatology 7 Yes
(2000) (43) CNR (FM) CTD or RA, practice controls
hypermobility without FM
MacDonald 67%; 1/35 2/35 NR (CFS) 11 N/A Community controls 7 No
etal. (1996) 100% C
(44)
Wolfe et al. 100%; 3/508 2/261; 1/503 OR 3.01 NR Sex; no difference Community controls 4 Yes
(1999) 38) % C NR (0.31-29.05) if adjusted for age

*, for case-control studies, case group (n breast implants/N); control group (n breast implants/N). In Watad et al., disease-specific HRs
were obtained by personal communication. C, cosmetic augmentation; ClI, confidence interval; CFS, chronic fatigue syndrome; FM,
fibromyalgia; HR, hazard ratio; N/A, not applicable; NOS, Newcastle-Ottawa scale; NR, not reported; OA, osteoarthritis; OR, odds ratio;
SES, socioeconomic status; SHR, standardized hospitalization ratio; SIR, standardized incidence ratio; y, years; $, potential financial or

other conflict of interest.

increase in risk of reporting any of 28 rheumatic, sicca,
cognitive or other systemic symptoms, compared to women
undergoing breast reduction surgery (28). Notably, none of
these exploratory studies adjusted for multiple comparisons.

Risk of combinations and other autoi e/infl, atory

rheumatic diseases

Few studies examined the association between breast implants
and autoimmune myositis, MCTD, UCTD, vasculitis,
spondyloarthropathies and sarcoidosis (Supplementary Files
3 to 5: https://cdn.amegroups.cn/static/public/gs-21-266-3-
5.pdf) (2,3,8-10,13-19,23,33,45-47). Overall, their observed
event rates were not higher than expected in the general
population. Five cohort studies found no increased risk
for combinations of incident and confirmed autoimmune/
inflammatory rheumatic diseases, with relative risks from 0.6
to 2.0 (8,9,13,15,16,18) (Supplementary File 4: https://cdn.
amegroups.cn/static/public/gs-21-266-4.pdf). In contrast, one
high-quality cohort study by Watad er 4/. found an increased

© Gland Surgery. All rights reserved.

incident risk of developing any autoimmune or rheumatic
disorder compared to community controls (HR 1.45, 95%
CI: 1.21-1.73), with a combined endpoint that additionally
included fibromyalgia/CFS and non-rheumatic autoimmune
diseases (hypothyroidism, hyperthyroidism, multiple sclerosis
and psoriasis) (14).

Predictors and immunological markers of rbeumatic
disease among breast implant users

Studies on the association between breast implant
rupture and rheumatic disease were underpowered to
detect risk differences for CTDs (Supplementary File 6:
https://cdn.amegroups.cn/static/public/gs-21-266-6.pdf)
(28,34,35,42,48-53). One study found a 1.3 to 1.5-fold
increase in risk of myalgias and Raynaud’s phenomenon
among breast implant patients with local complications
(capsulotomy, implant change or implant leakage) compared
to those without complications (28). Extracapsular silicone
leakage detected on magnetic resonance imaging (MRI)
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was associated with a 3-fold increased risk in Raynaud’s
and fibromyalgia in one study (49), but not in another (48).
Rupture was not associated with an increased risk of sicca
(28,49). No studies specifically examined the association
between acute/traumatic implant rupture and time to
rheumatic disease onset. Although saline-filled implants
have typically been portrayed as a safer alternative to
silicone implants, little data was available in regard to the
association between saline implants and rheumatic diseases
(3,18) (Supplementary File 7: https://cdn.amegroups.cn/
static/public/gs-21-266-7.pdf). Few studies examined the
effect of implant indication (cosmetic versus reconstructive)
(3,13,15,17,18) and implant duration (17,18) on risk of
rheumatic disease (Supplementary File 7: https://cdn.
amegroups.cn/static/public/gs-21-266-7.pdf). We did not
identify any study that specifically assessed the outcome of
patients with pre-existing rheumatic disease undergoing
breast implant surgery. No immunological marker
reproducibly differentiated breast implant users with and
without rheumatic symptoms (Supplementary File 8:
https://cdn.amegroups.cn/static/public/gs-21-266-8.pdf)
(54-72).

Course of rheumatic disease after explantation

Studies reporting on the course of rheumatic disease
after explantation are presented in Supplementary File 9:
https://cdn.amegroups.cn/static/public/gs-21-266-9.pdf
(73-85). For non-specific rheumatic symptoms (including
arthralgias, myalgias, fatigue or sicca), improvement
was observed in 32-100% of patients and generally
occurred immediately or within the first few months post-
explantation (73-78,80-83,85). However, improvement was
often temporary (73,77,79,80). As for CTDs, Wallace et al.
reported their experience in 16 SLE and 10 SSc patients
who had an explantation (84). Subjective improvement was
common, but transient, in the majority of patients. Notably,
one patient with SSc developed renal crisis requiring
dialysis within two months of explantation. Case reports
and series with less than 20 patients were excluded from this
systematic review due to their high risk of selection bias,
but have been reviewed elsewhere (86). Overall, in studies
reporting improvement, it is unclear whether the benefit
attributed to explantation was due to removal of the breast
implants, to the use of concomitant disease-modifying
treatments (such as glucocorticoids and immunosuppressive
drugs), to the natural history of disease (such as skin
softening in SSc) or to a placebo effect.
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Discussion

We conducted a rigorous systematic literature review to
characterize the association between breast implants and
risk of incident rheumatic disease. Overall, two cohort
studies suggested a two-fold increase in risk of SSc, but with
much uncertainty around the estimates, and three case-
control studies showed no increase in risk in SSc. The risk
of confirmed SS was not increased, however symptoms
of sicca were reported more frequently among breast
implant users. A meta-analysis of heterogenous studies
reported a small increase in risk of RA (36). Studies did not
support an association with SLE. Diagnoses and symptoms
of fibromyalgia and/or CFS, which have overlapping
symptoms with the “breast implant illness”, were reported
about twice as frequently among breast implant users
compared to women from the community.

Admittedly, the study of causality between exposure
to breast implants and rheumatic disease outcomes poses
multiple epidemiological challenges. Ideally, to state
causality, one must be able to demonstrate that the exposure
to breast implants preceded the onset of the rheumatic
disease (temporality), that increased exposure is associated
with increased effect (biological gradient) and that the
removal of the exposure leads to a reduction in disease risk
(reversibility) (87). However, given that the pathophysiology
of CTDs is often characterized by multiple hits (i.e., result
from an accumulation of genetic and environment factors
which eventually lead to disease expression), there may be
different possible latency periods between breast implant
surgery and disease onset which may span years to decades,
making it difficult to assess risk over shorter follow-up
periods.

There may also be different thresholds of exposure
that will lead to disease in different individuals, depending
on individual susceptibilities. Chronic leakage of small
amounts of implant contents may not be readily measurable
using MRI, and studies looking at immunological assays
have failed to identify a reliable measure that correlates
with clinical symptoms. It would be interesting to study
whether acute/traumatic implant ruptures, which may
represent larger “doses” of exposure to implant contents,
are associated with a shorter time to developing the
outcomes. In regard to reversibility with explantation,
this may not be observed in multiple hit diseases, in which
an exposure contributes to disease expression, but is not
the sole cause. In fact, many autoimmune diseases result
from immunological cascades that are irreversible once
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triggered.

Another challenge relates to the rarity of the studied
outcomes, particularly for CTDs. The incidence rates
of SSc, SS, RA and SLE in females living in the United
States are as low as 0.6, 0.7, 5.4 and 5.4 per 10,000 person-
years (2). Thus, studies need to follow a very large number
of individuals over a sufficiently long period of time in
order to be powered to detect a difference in disease risk.
However, this is not easily achieved, as reflected in two
large post-approval studies which intended to follow over
40,000 individuals with breast implants over 10 years, but
which unfortunately only succeeded in following about
20% and 60% of patients at 3 and 5 years (2,3). Studies
with significant loss in follow-up are at risk for differential
selection bias, for example, if patients who experience
symptoms are more likely to continue medical follow-up
compared to asymptomatic patients, thus potentially leading
to an overestimation of disease risk.

To overcome the limited sample sizes in individual
studies, meta-analyses can be done. However, we decided
against performing a quantitative synthesis given that too
few homogeneous and high-quality studies remained after
taking into consideration the following factors:

(I) Cosmetic breast implant users are very different
from cancer patients with reconstructive surgery,
who can have paraneoplastic syndromes and adverse
effects from cancer therapies acting as additional
confounders, and should not be combined without
adequate adjustment.

(II) Women with other cosmetic surgeries, with breast
reduction surgeries, from the community and
from health professional groups are very different
populations and should not be considered as
comparable comparator groups.

(IIT) Self-reported diagnoses have low confirmation rates
compared to chart validation (9,88) and should
not be used to assess the risk of defined rheumatic
diseases. Studies including cases with misclassified
diagnoses should also not be combined with studies
with validated diagnoses.

(IV) Estimates largely based on prevalent diagnoses
should not be included when assessing the risk of
incident rheumatic disease.

(V) Studies with significant loss in follow-up are at
risk for differential selection bias and should not
be included in summary assessments, as explained
above.

(VI) Studies with short follow-up should not be
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included, as patients may not have had the time
to develop the disease, potentially leading to an
underestimation of the risk.

(VII) Studies using only inpatient data will fail to capture
rheumatic outcomes that are largely diagnosed
and followed in outpatient settings, leading to an
underestimation of the risk.

Despite these limitations, key findings can be highlighted
from this systematic review. First, based on a small number
of high-quality and methodologically robust studies, an
association between breast implants and a small increased
risk of SSc and RA could not be excluded. In addition,
symptoms of sicca, myalgia and fatigue were more
commonly reported by breast implant users. Nevertheless,
in absolute numbers, rheumatic outcomes were rare among
breast implant users. More studies are required to identify
factors that will predict the risk of developing disease and
more data is required on the safety of saline breast implants.
Finally, the uncertainty surrounding the safety of breast
implants needs to be communicated to patients in order to
allow them to make an informed decision when weighing
the benefits and potential risks.

Conclusions

In this up-to-date systematic review of high-quality
and methodologically robust studies on the association
between breast implants and rheumatic diseases, rheumatic
outcomes were rare among breast implant users. A small
increase in risk of SSc and RA could not be excluded. In
addition, symptoms of sicca, myalgia and fatigue were more
commonly reported by breast implant users. Individuals
considering the placement of breast implants should
be informed of the uncertainty surrounding the risk of
rheumatic disease associated with breast implants.
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