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SILICONE BREAST IMPLANTS AND THE RISK OF CONNECTIVE-TISSUE DISEASES AND
SYMPTOMS

JORGE SANCHEZ-GUERRERO, M.D., GRAHAM A. CoLbiTZ, M.B., B.S., DR.P.H., ELIZABETH W. KARLSON, M.D.,
Davip J. HUNTER, M.B., B.S., Sc.D., FrRaNK E. SPEIZER, M.D., AND MATTHEW H. Liaxc, M.D., M.P.H.

Abstract Background. Silicone breast implants have
been linked to a variety of ilinesses, the most controver-
sial of which are connective-tissue diseases and symp-
toms. To study this relation, we analyzed data from 14
years of follow-up of the Nurses’ Health Study cohort.

Methods. Women who were free from connective-tis-
sue disease in June 1976 were followed through May 31,
1990, before there was widespread media coverage of
the possible association of breast implants and connec-
tive-tissue diseases. Information was collected through
biennial and supplementary mailed questionnaires and
blinded reviews of medical records with the use of stand-
ardized criteria. Relative risk, the measure of association,
was defined as the incidence rate of connective-tissue
disease among women with breast implants divided by
the corresponding incidence rate among women without
breast implants.

Resuits. Among 87,501 women who were eligible for
follow-up, 516 were confirmed as having definite connec-
tive-tissue diseases and 1183 as having breast implants
(of which 876 were silicone-gel-filled, 170 saline-filled,
67 double-lumen, 14 polyurethane-coated, and 56 of un-

INCE 1962, approximately 1 million to 2.2 million

women in the United States and Canada have re-
ceived silicone breast implants as part of reconstruc-
tion following surgery for breast cancer or prophvlactic
mastectomy or for cosmetic reasons.'* Silicone breast
implants have been linked to a variety of illnesses, the
most controversial of which are connective-tissue dis-
eases and symptoms.'* Since 1982, at least 293 pa-
tients with connective-tissue diseases or rheumatic
illnesses and silicone breast implants have been de-
scribed in the English literature; many additional cases
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known type). The mean (=SD) period of follow-up after
surgery was 8.9x6.4 years (range, 1 month to 40.5
years). Three of the patients with definite connective-tis-
sue disease — all had rheumatoid arthritis — had implants
(one silicone-gel-filled, one saline-filled, and one double-
lumen). The age-adjusted relative risk of a definite con-
nective-tissue disease among women with any type of im-
plant was 0.6 (35 percent confidence interval, 0.2 to 2.0),
as compared with women without implants. For women

-with silicone-gel-filled implants, the comparable relative

risk was 0.3 (95 percent confidence interval, 0 to 1.9). The
relative risk of self-reported signs or symptoms of connec-
tive-tissue disease for women with implants was 1.5 (95
percent confidence interval, 0.9 to 2.4); the risk of having
any 1 of 41 signs, symptoms, or laboratory features of con-
nective-tissue disease was 0.7 (95 percent confidence in-
terval, 0.3 to 1.6).

Conclusions. In a large cohort study, we did not find
an association between silicone breast implants and con-
nective-tissue diseases, defined according to a variety of
standardized criteria, or signs and symptoms of these dis-
eases. (N Engl J Med 1995;332:1666-70.)

have been reported in abstract form.* On April 16,
1992, the Food and Drug Administration banned fur-
ther use of these devices, except for limited use in re-
search settings.’

‘To study the relation between silicone breast im-
plants and connective-tissue diseases, we analvzed data
from 14 vears of follow-up of the Nurses’ Health Study
cohort with respect to connective-tissue diseases that
were diagnosed before June 1, 1990. Widespread media
coverage in the United States of a possible association
began in December 1990, after a program on the sub-
ject was aired on national television.”

METHODS
The Nurses’ Health Study Cohort

The Nurses’ Health Study cohort was assembled in June 1976.
Questionnaires were mailed to all registered nurses who were female.
married, 30 to 55 vears of age, and living in California, Connecticut.
Florida, Maryland, Massachusetts, Michigan, New Jersey, New York.
Ohio, Pennsvlvania, or Texas. Seventy percent of the women invited
to participate returned the base-line questionnaire. Information was
sought on a variety of health conditions and practices. Subsequently,
biennial questionnaires have been sent. The overall response rate to
follow-up questionnaires has been more than 90 percent. The study
protocol has been approved by the Human Research Committee of
Brigham and Women's Hospital in Boston. All subjects have given in-
formed consent.

Ascertainment of Exposure to Silicone Breast implants

By 1992, the number of women still alive and participating in the
study was 109.750. Among many other topics on the 1992 biennial
questionnaire were questions about whether participants had ever
had breast-implant surgery or silicone, paralffin, or collagen injec-
tions. After three mailings. 89,376 women (81.4 percent) returned
the questionnaire. including 88.133 who answered the questions re-
lated 1o breast implants and injections. A supplementary question-
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RISK OF:CONNECTIVE-TISSUE DIS

OTHER DISORDERS AFTER BREAST .,

IMPLANTATION

Snerine E, Gasrizr, M.D., M.Sc., W, Micharr, O’Facrron, Pu.D,, LeoNars T. Kug D, M.D., Dx.P.H.;

C. M/\:RY Brarp, RN, M.P.H,, Joun E, Woons, M.DD., ano L. JosEre ME

Abstract Background, We conducted a population-
based, retrospective to examine the risk of a vanaty
of connective-tissue diseases and other disorders after
breast implantation,

Methods. All women in Olmsted County, Minnesota,
who received a breast implant betwsen January 1, 1964,
and December 31é 1981 (the case subjects), were studied,

;jecz,twowomenofmesameage_(wim-
in three years) from the same poputation who had not
received a breast implant and who underwent a med;-
cal evaluation within two years of the dats of the implan-
tation in the casa! subject were selected as control sub-
jects. Each woman's inpatient and Outpatient medica)
record was reviewed for the occurrence of various con-

Nective-tissue dissases, certain other disorders thought
fo haye an autoimmune pathogenesis (e.g.. Hashimoto's

oralofy tests. The case subjects were categorized ac-
cording o whe they recerved implams for cosmet-
ic reasons, for reconstruction after mastectomy for breast
cancer, or for reconstruction after subcutaneous mastec.

nd\, Amcrican women have

undergone breasc Jgmgntation or breast recan-
struction since the introddction of the silicone gel-
filled elastomer cnbclope-lype breast prosthesis in the
carly 1960s."? [n xtesponsc to reports of cases of con.
nective-lissue discase and autoimmune disorders after
breast augmentatipn,>'? the Food and Drug Adminis-
tration called for & moratorium on the use of these
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devices in Januangf 1992, Case reports, however, pro-

vide the weakest cvidence of a causc-and-effect rela-
ton." We thereforc conducted a population-bascd,
rerospective cohort study 10 examine the risk of con-
nective-tissue discase and other specified disordery
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tomy for cancer prophylaxis,/ Additional cortrol subjects
(women treated for breas Qancer who did not have
breast reconstruction) weré studied for comparison with
the case subjects. 7 A

Resufts. A total fof 749 men who had recsived a
breast implant were followed Or 3@ mean of 7.8 years, and
f ore followed for a mean of 8.3
years. In 5 case subjects, as compared with 10 subjects in
the control group, one of the Specified connective-tissue
diseases was diagnosed (relative risk, 1.08: 95 percent
confidencs interval, 0.34 to 2.97}. Twenty-five casg sub.
jects had signs or Symptoms of arthritis, as compared with
39 control subjects (relative risk, 1.35:; g5 percent confi-

. dence interval. 0.81 to 2.23). Among the various signs or

Symploms examined, only moming stiffness was signifi-
cantly increased among the women who had received a
breast implant (relative risk, 1.81; 95 percent confidencs
imerval, 1.11 to 2.95).

Conciusions. We found association between
breast implants and the conn ve-lissue diseases and
other disorders that were studied, (N Engl J Med 1394;
330:1687-702.)

after breast implantation among women in Olmsied
County, Minnesota, who received an implant between
January [, 1964, and December 31, 1991,

We defined connective-tissue diseasc as a group of
disorders that includes rheumatoid arthritis, systemic
lupus crythematosus, 5jdgren’s syndrome, dermato-
myositis, polymyosilis, systemic sclcrosis, ankylosing
spondylitis, psoriatic arthritis, polymyalgia rheumat-
ica, vasculits, arthritis associated with inflammatory
bowel discase, and polychondrids. Other disorders
considered included Hashimoto's thyroiditis, primary
biliary cirrhosis, sarcuidosis, and cancer other than
breast cancer.

MerHops
Study Setmting

Olmited County is relatively isolated from ather urbun areas.
Mcdical care is coacentryted among 2 handful of providers. onc of
which, the Mayo Clinic, s also a Major tertary care cenier. A unit
reened system uliows all medical information on each pcrson o be
actumulated in a single dossier. ™ Mayn has maincained the original




American College of Rheumatology
Statement on Silicone Breast Implants

Approved by Board of Directors Oct. 22, 1995

The American College of Rheumatology recognizes that many women who have received
silicone breast implants have musculoskeletal complaints that are also very common in
the general population. Many rheumatologists have examined women with implants who
have scleroderma, lupus, fibromyalgia, or other well-defined disorders. The problem has
been to determine whether any cause and effect relationship exists between silicone
implants and the musculoskeletal symptoms. Previous data were solely based on
anecdotal evidence. In 1994, the American College of Rheumatology stated the
importance and great need for scientific analysis of this question.

Two large studies now have been completed. The first was conducted on all women in a
single county in Minnesota who recsived implants between 1964 and 1991. At a mean
follow-up of 7.8 years, there was no association between breast implants and connective
tissue or theumatic disease (NEIM 330:1697-702, 1994). The second study was a follow-
up of the Nurses Health Study. Among this very large cohort, after 14 years of follow-up,
no evidence existed for an association between silicone breast implants and connectve
tissue diseases INEIM 332:1667-70, 1995).

The American College of Rheumatology believes that these studies provide compelling
evidence that silicone implants expose patients to no demonstrable additional risk for
connective tssue or rheumatic disease. Anecdotal evidence should no longer be used to
support this relationship in the courts or by the FDA. Clinicians, scientists, academicians,
and editors who have been harassed by plaintiffs’ artomeys for their involvement in
scientific research efforts related to silicone implants deserve the continued support of
their institutions and professional sociedes.

In future cases involving rheumatic diseases possibly associated with an environmental
agent, we call upon the FDA and other regulatory agencies to allow professional
societies, such as the American College of Rheumatology, to foster appropriate and
scientifically developed epidemiological studies. Anecdotal reports, while of importance
to call attention to a potential problem, should not be utilized to formulate decisions and
regulations.

The American College of Rheumatology is the professional organization of
rheumatologists. It inciudes practicing physicians, research scientists, and health
professionals who are dedicated to healing, prevenrting disability, and eventually curing
the more than 100 types of arthritis and related disabling and sometimes fatal disorders of
the joints, muscles, and bones.




.. THE RELATION BETWEEN SILICONE BREAST IMPLANTS AND THE RISK OF CONNECTIVE-TISSUE DISEASES

META-ANALYSES OF THE RELATION BETWEEN SILICONE BREAST IMPLANTS
AND THE RISK OF CONNECTIVE-TISSUE DISEASES

EsTHER C. Janowsky, M.D., PH.D., LAWRENCE L. KuppPeR, PH.D., AND BARBARA S. HuLka, M.D., M.P.H.

ABSTRACT

Background The postulated relation between sili-
cone breast implants and the risk of connective-tissue
and autoimmune diseases has generated intense
medical and legal interest during the past decade. The
salience of the issue persists, despite the fact that a
great deal of research has been conducted on this
subject. To provide a stronger quantitative basis for
addressing the postulated relation, we applied several
techniques of meta-analysis that combine, compare,
and summarize the results of existing relevant studies.

Methods We searched data bases and reviewed ci-
tations in relevant articles to identify studies that met
prestated inclusion criteria. Nine cohort studies, nine
case-control studies, and two cross-sectional studies
were included in our meta-analyses. We conducted
meta-analyses of the results of these studies, both
with and without adjustment for confounding factors,
and a separate analysis restricted to studies of sili-
cone-gel-filled breast implants. Finally, we estimated
the annual number of new cases of connective-tissue
disease that could be attributed to breast implants.

Results There was no evidence that breast im-
plants were associated with a significant increase in
the summary adjusted relative risk of individual con-
nective-tissue diseases (rheumatoid arthritis, 1.04 {95
percent confidence interval, 0.72 to 1.51}; systemic
lupus erythematosus, 0.65 [95 percent confidence in-
terval, 0.35 to 1.23]; scleroderma or systemic sclero-
sis, 1.01 [95 percent confidence interval, 0.59 to 1.73};
and Sjoégren’s syndrome, 1.42 [95 percent confidence
interval, 0.65 to 3.11]); all definite connective-tissue
diseases combined (0.80; 95 percent confidence in-
terval, 0.62 to 1.04); or other autoimmune or rheu-
matic conditions (0.96; 95 percent confidence interval,
0.74 to 1.25). Nor was there evidence of significantly
increased risk in the unadjusted analyses or in the
analysis restricted to silicone-gel-filled implants.

Conclusions On the basis of our meta-analyses,
there was no evidence of an association between
breast implants in general, or silicone-gel-filled breast
implants specifically, and any of the individual con-
nective-tissue diseases, all definite connective-tissue
diseases combined, or other autoimmune or rheu-
matic conditions. From a public health perspective,
breast implants appear to have a minimal effect on
the number of women in whom connective-tissue dis-
eases develop, and the elimination of implants would
not be likely to reduce the incidence of connective-tis-
sue diseases. (N Engl J Med 2000;342:781-90.)
©2000, Massachusetts Medical Society.

HE relation between silicone breast implants

and autoimmune or connective-tissue dis-

eases has been the focus of considerable

medical and legal discussion throughout the
past decade.!* Concern was aroused by early case re-
ports of connective-tissue disease in women who had
received breast implants or silicone injections.5¢ Three
meta-analyses have failed to demonstrate an increased
risk of specific connective-tissue diseases (rheumatoid
arthritis, systemic lupus erythematosus, and sclero-
derma or systemic sclerosis) or connective-tissue dis-
eases in general after implantation of silicone breast
prostheses.”? However, the meta-analyses to-date leave
some questions unanswered. Perkins et al.” performed
a meta-analysis that dealt with unadjusted estimates
of effect but did not consider the effect of adjustment
for potential confounding factors. Wong? and Hoch-
berg and Perlmutter? performed analyses of adjusted
effects, but in neither study were formal statistical
tests of homogeneity among studies undertaken, nor
were analyses of the influence of individual studies
or combinations of studies conducted. None of these
meta-analyses focused exclusively on silicone-gel-
filled breast implants. Moreover, eight new studies of
the possible relation between silicone breast implants
and autoimmune conditions or connective-tissue dis-
cases have been published since 19961917 and were
not included in the previous meta-analyses.

We conducted a comprehensive series of meta-
analyses of the largest group of studies to date to in-
vestigate the possible relation between silicone breast
implants and the risk of autoimmune conditions or
connective-tissue diseases. Our study incorporated the
eight studies not included in the earlier meta-analy-
ses and had four principal objectives: to investigate
the relation between breast implants and connective-
tissue diseases by incorporating all eligible studies into
an unadjusted analysis; to consider the effect of po-
tential confounding factors in an adjusted analysis;
to search for sources of heterogeneity among the
studies with formal statistical tests and influence analy-
ses; and to perform a separate analysis focused exclu-
sively on silicone-gel—filled breast implants.1® In ad-
dition, we evaluated the public health effect of silicone
breast implants by estimating the annual number of

From the Department of Epidemiology (E.C.J., B.S.H.), and the De-
partment of Biostatistics (L.L.K.), School of Public Health, University of
North Carolina at Chapel Hill, Chapel Hill, N.C. Address reprint requests
to Dr. Janowsky at the Department of Epidemiotogy, CB 7400, School of
Public Health, University of North Carolina at Chapel Hill, Chapel Hill,
NC 27599, or at esther_janowsky@unc.edu.
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BREAST AUGMENTATION: A RISK FACTOR FOR BREAST CANCER?
Hans Berker, M.D,, PH.D., DaLe C. Biroserr, M.D., axp HEATHER JENKINS

Abstract Background. A relalion between breast aug-
menlation and the subsequent risk of breas! cancer has
been postulaled. Since an eslimated 2 million women in
the United States alone have recelved breast implants,
even a small increase In the risk of breasl cancer could
have considerable public health consequencas.

Methods. We performed a populalion-based noncon-
current cohorl-linkage study. All women In Alberta, Can-
ada, who underwent cosmeti¢ breast augmantation from
1873 through 1986 were Included In the Implant cohonrt
{n = 11,676). This cohort was compared with the cohorl of
dllwomen in Alborta in whom a first primary breast cancer
was diagnosed (n = 13,557). The expected number of
breast-cancar casss in the implant cohord was estimated
by applying age-specific and calendar year-specific Inci-
dence rates of breast cancer (obtained from the Albera
Gancer Regislry) 1o the implant cohorl. Standardized indi-

ROSTRHETIC breast augmentation and recon-

struction have been practiced for several decades
and have been considered to be safe and accepied
surgical procedures. Smooth-walled silicone implants
(Alled with silicone ge! or salinc) have been the most
common type of prosthesis used. Scar encapsulation
of these implants frequently leads to compression and
undesirable firmness. To overcome these complica-
tions, implants covered with polyurethane sponge
were reintroduced in the 1980s in the United States
and Canada. Recently, however, concern has been
raised about the carcinogenic potential of the break-
down products of polyurcthane. The breakdown
products (i.c., toluene 2,4-diisocyanate and toluene
26-disocyanate diamines) were reportedly found in
the urine of a patient with polyurethane-sponge-
covered implants.! These substances are known to
cause sarcomas in rats.?® An expert panel of the
Canadian Medical Association concluded, howev-
er, that “surgical removal of polyurethane-foam-
covered breast implants solely for reasons of poten-
tial risk of cancer does not appear to be indicated.”?
Despite this statement there has been considerable

From the Division of Epidemjology and Preventlve Owcology, Alterta Cancer
Boxd, Edmonton, Ala. (H.B., H.J.), and the Divisioa of Plastic and Recoo-
towctive Surgery, Depaniment of Surgery, Foothills Hospital, Universily of Cal
$1y Medical School, Calgary, Alta. (D.C.B.). Address reprint requests o Dr,
Berkel st b Divisioe of Egidemiology and Prevearive Omeology, Alterta Cancer
Bowd, 9707 110 $1.. €h 1., Edmoniten, AB TSK L9, Canade.

¥_

dence ralios were calculated by dividing the observed by
the expecled number of breast-cancer cases in the Im-
plant cohort.

Resulls. Forty-one palients with implants were subse-
quently found to have breasteancer. The expecled num-
ber was 86.2. The standardized Incldence ralio was thus
47.6 percent, significantly lower than expected (P<0.01).
The average length of follow-up in the implant cohort was
10.2 years, and the average length of time from breast
augmentalion to the diagnosis of breast cancer was 7.5

ears,
g Conclusions. Women who undergo breast augmenta.
tion wilh silicone Implants have a lower risk of breast can-
car than the general populatioa. This linding suggests that
Lhese women are drawn from a population already at low
risk and thal the implants do not substantially Increase the
rsk. (N Engl J Med 1992;326:1649-53.)

public concern about the potentially increased risk
of breast cancer after cosmetic breast augmenta-
tion.*'? In the scientific literature few studics have
addressed the issue. To our knowledge only four stud-
ies have been reported to date, and three of these
consisted of surveys mailed to plastic surgeons.!'
Although no excess risk was found, the strength of the
evidence in this type of study is limited because of
the great potential for ascertainment and recall bias.
In one cpidemiologic study, no increased nsk was
found.! -

It is esthnated that 2 million women in the United
States have recerved breast implants. Thus, from a
public health perspective it is important to determine
the extent of any increase in risk in these women, even
if it.ds only a small one. To evaluate the potential
difference in the risk of breast ¢ancer among wome
who have undergone breast augmentation, we decidec
to perform a nonconcurrent cohort-linkage study, *

MxTxoODS

Alberta, Canada, bas had a comprehensive, compulsory, govern-
ment-sponsored health eare Insurance program since 1966. Physi-
clang submit claims for payment of approved procedures to the
Alberta Depaniment of Health, which keeps computerized records
of these claime. From 1969 through 1986 breast augmentation was
an approved procedare for whicft surgeons could submit claima.
Unforwunately, records for the years before 1878 were not accesaible
ac the time of our stady. The Alberta Department of Health pro-
vided us with data oo all women who bad undergone breast aug-
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