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ABSTRACT 

Controversy exists as to whether adverse health effects result fiom exposure to silicone 

breast implants (SBI). Objectives: 1) To compare incident symptoms and the health 

status of SBI-exposed women with cosmetic surgery controls. 2) To explore whether SBI 

recipients develop a unique cluster of multiple symptoms. Design: Secondary analysis 

of a population-based retrospective cohort study. Patients: Included 609 controls, 1016 

silicone gel and 309 saline breast implant recipients without defined systemic diseases. 

Findings: Symptom frequency was greater in the silicone gel group than controls, and 

intermediate in the saline group. Cluster analysis identified a natural symptom grouping 

in the silicone gel group (poor memory, insomnia, numbness, myalgia, arthralgia, joint 

swelling, headache and dyspepsia). The same cluster was observed in the saline and 

control groups. The number of cluster symptoms per subject was moderately correlated 

with health status and the presence of fibromyalgia in dl 3 exposure groups. 
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1.0 INTRODUCTION 

1.1 Statement Of The Problem 

The putative association between silicone breast implants (SBI) and connective 

tissue diseases (CTDs) is controversial. Examples of CTDs reported in SBI recipients 

include sclerodema, rheumatoid arthritis, systemic lupus erythematosus and Sjogren's 

syndrome. Howevcr, the majority of symptomatic women exposed to SBI develop 

nonspecific multisystem complaints that do not meet accepted case definitions for CTD 

(1). The most commonly reported symptoms in case series have included joint pain, 

muscle pain, fatigue, memory problems, dry eyes and mouth, hair loss, Raynaud's 

phenomenon and rash. It is not clear whether SBI-exposed women are at increased risk 

of developing a new constellation of symptoms, referred to by some as "atypical CTD" or 

"systemic silicone-related disease" (2). Alternatively, these individuals may fulfill 

existing case d e f ~ t i o n s  of other conditions, such as chronic fatigue syndrome (3) or 

fibromyalgia (4). Adequate controlled studies of symptoms in women exposed to breast 

implants are lacking. 

1.2 Significance Of The Problem 

In 1992, silicone gel-filled implants were banned in North America pending 

M e r  research because their manufacturers had failed to provide adequate post- 

marketing surveillance for adverse effects during 30 years of use (5). Saline-filled breast 

implants, which consist of a silicone elastomer shell filled with saline instead of silicone 

gel, continue to be widely used despite incomplete information on their safety. Thus, the 



potential harm arising from SBI remains an important public health issue since 

approximately 1% of North American women currently have breast implants, and 

because saline implants continue to be used (6,7). Women with implants require valid 

safety information in order to put the potential risks into perspective and make intelligent 

decisions related to accessing specialist care and possible implant removal. Such 

information is also required by those considering augmentation with saline implants or 

replacement of their silicone gel prostheses with saline-filled devices. Many women with 

SBI perceive that their symptoms are not being taken seriously by health care 

professionals, but rather are being dismissed as trivial, imaginary or attributable to 

secondary gain (8). 

A resounding criticism of the existing literature is that researchers have failed to 

evaluate whether a subset of SBI recipients may have an atypical CTD or other syndrome 

(9-14). This has been hampered, in part, by the lack of a clear case definition of such a 

disorder (15-17). Furthermore, there are no diagnostic laboratory tests or physical 

findings that are consistently abnormal in symptomatic women with breast implants. 

Nevertheless, there are examples in the literature of consensus case definitions for 

syndromes that consist of a minimum set of symptoms, including chronic fatigue 

syndrome (3). Although the study of symptom complexes can be problematic, this 

should be considered a credible area of research which may advance our understanding of 

common subjective complaints (1 8). 



1 3  Objectives 

A. i )  To describe symptoms reported by women exposed to silicone gel breast implants, 

saline breast implants and other forms of non-silicone cosmetic surgery. 

ii) To evaluate the agreement between symptoms self-reported on a mailed 

questio~aire and those recorded by a rheumatologist after clarification of symptom 

interpretation during a blinded face-to-face interview. 

B. i) To explore the symptoms reported by women with silicone gel breast implants 

using cluster analysis in order to discover whether natural groupings of symptoms are 

present. 

ii) To explore the symptoms reported by women with saline breast implants and 

cosmetic surgery controls using cluster analysis in order to allow qualitative 

comparison of symptom clusters with those of the silicone gel implant group. 

iii) To externally validate the results of the cluster analyses utilizing variables that 

were not used to generate the cluster solution. 

C. i )  To describe the health status of women exposed to silicone gel breast implants, 

saline breast implants and other forms of non-silicone cosmetic surgery. 

ii) To evaluate whether there is an association between the number of self-reported 

symptoms per subject and health status among women with silicone gel breast 

implants, saline breast implants and non-silicone cosmetic surgery controls. 



1.4 Literature Review 

1.4.1 Do breast implants cause connective tissue diseases? The question of 

whether silicone breast implants may play a causal role in the development of systemic 

rheumatic diseases and symptoms has been addressed by several epidemiologic studies. 

Although it may be theoretically impossible to "prove" the causal nature of an 

association, public health problems often demand action, and judgments regarding causal 

inference must be made despite imperfect knowledge (19). Hill's viewpoints on 

distinguishing causal born non-causal associations provide a usefd h e w o r k  for 

discussion (20). In particular, those aspects pertaining to analogy, plausibility, dose- 

response relationships, experimental evidence, temporality, consistency, and strength of 

association are considered below. 

Early case reports and case series of patients with SBI and CTD played an 

important role in alerting the medical community to this potential association (21). A 

disproportionate number of scleroderma cases were reported in SBI-exposed women (22) 

which is interesting given that scleroderma is one of the rarest CTDs with an estimated 

prevalence of 1 in 10,000 women (23). A number of environmental exposures have been 

associated with disorders resembling scleroderma, including inhalation of silica in mining 

(24), vinyl chloride exposure (25) and ingestion of aniline-contaminated rapeseed oil 

(26). Therefore, by analogy it was reasonable to suspect that breast implants might be 

associated with an atypical CTD similar to scleroderma Case series represent the 

weakest form of evidence, however these reports served to stimulate research into 



potential biological mechanisms as well as the conduct of controlled epidemiologic 

studies. 

The literature suggests that it is biologically plausible for SBI to cause systemic 

symptoms. A capsule of inflammatory cells and fibrosis forms around the silicone 

elastomer shell common to all types of breast implants and probably represents a foreign 

body reaction. Conmctures and hardening of the capsule, which cause breast deformity, 

pain and tenderness, may result from various factors including bacterial colonization (27- 

29). Elevated levels of inflammatory mediators have been detected in the capsule (30) 

and could produce nonspecific flu-like symptoms if released systemically. However, 

there is no objective evidence of a systenlic inflammatory response since studies to date 

have failed to demonstrate abnormal blood levels of inflammatory mediators in 

symptomatic SBI recipients (30,3 1). Alternatively, silicone might act as a stimulant of 

the immune system which could lead to autoimmune disease in genetically susceptible 

individuals (32,33). Such a response could be evoked by the silicone elastomer shell or 

silicone that has leaked from gel-filled implants. While silicone causes nonspecific 

immune stimulation in rats (34,35), a similar adjuvant effect has not been confirmed in 

humans. In addition, specific antigenic stimulation of the immune system by silicone 

resulting in arthritis has also been observed in rats (35). Whether silicone can induce a 

specific immune response in humans remains an area of controversy (36-46). Blinded 

(47) and unblinded (48) testing for autoantibodies that are markers of classical 

autoimmune diseases has failed to find a difference between SBI-exposed women and 

cosmetic surgery controls. 



In general, a dose-response relationship between levels of exposure and the risk 

of disease supports the presence of a causal association. However, the association 

between dose and response does not prove causation since similar findings may result 

from confounding (1 9). Furthermore, the absence of a dose-response relationship does 

not disprove causation. For example, the health-related outcome of interest may occur 

only in genetically susceptible individuals (32,33). Alternatively, a threshold effect may 

occur in which the outcome is observed only at a particular level or duration of exposure. 

The potential for a biological gradient in response to silicone has not been 

adequately examined to date. Moreover, it is not clear whether the risk of adverse effects 

varies with implant type, or the presence of local breast complications including rupture. 

Indeed, the majority of studies have failed to document implant type. While all SBI have 

a silicone elastomer shell, a higher level of exposure occurs with gel-filled implants than 

saline since silicone gel "bleeds" through the elastomer shell. Furthermore, local release 

of silicone gel can result from shell rupture which appears to be associated with implant 

aging. Rupture of saline-filled implants results in deflation of the implant and resorption 

of the salt and water solution by the body. In contrast, rupture of silicone gel-filled 

devices is diagnosed reliably only by direct visualization during surgery. Therefore, the 

rate of rupture is known only for selected women who elect to have their gei-filled 

implants removed due to health concerns. Nevertheless, case series of women 

undergoing explantation report rupture rates of approximately 50% at 8 years, and up to 

95% at 12 years after insertion (27,4941). This could be one explanation for the 

estimated latency period of 9 years before systemic symptoms arise (1). 



While experiments provide the strongest form of evidence for causal inference, 

results from animal models may not reflect the human experience. Furthermore, it is not 

ethical to randomly assign women to receive either SBI or non-silicone breast 

augmentation. Research is therefore limited to observational study designs. Case-control 

studies and historical cohort studies represent efficient methods of collecting data in a 

relatively short period of time. An important weakness of these retrospective designs is 

the potential difficulty in establishing a temporal relationship between exposure and 

disease, particularly when this information is based on recall by study subjects. Women 

with implants may be more likely to recall adverse health effects and to report their onset 

as occurring after cosmetic surgery compared with controls (i.e. recall bias). Temporality 

requires that the cause precede the effect in time, and is perhaps the most important 

criterion for causal inference (19). Therefore, retrospective studies should validate 

exposure and disease status, including dates, using objective sources such as medical 

records whenever possible. Alternatively, prospective cohort studies can establish the 

temporal relationship between exposure and disease, however, they are not efficient for 

rare diseases or if a long latency period exists between exposure and disease onset. 

The existing Literature of controlled analytic studies of the association between 

SBi and CTDs includes 8 case-control (52-56)(57-59) and 10 retrospective cohon studies 

(60-69). These studies have ruled out the presence of a moderate to large increase in risk 

of the combined end point of any CTD. While each of these studies has its own strengths 

and weaknesses, the consistency of these results argues against the possibility of a causal 

association. Nevertheless, only three studies were able to exclude a doubling of risk of 



CTD (55,65,66), and none had sufficient power to rule out a two-fold increase in the risk 

of scleroderma, The association between SBI and scleroderma has been extremely 

difficult to study because both the exposure and the outcome are uncommon. Meta- 

analysis of the three case-control studies of scleroderma (53,56,57) suggests that the risk 

is not increased in women exposed to SBI [odds ratio (OR) 1.02; 95% confidence interval 

(CI): 0.56, 1.841 (70). 

In general, the strength of an association argues in favor of that association being 

causal since large risks are unlikely to be due to confounding alone. However, weak 

associations can be important and smaller risk estimates bemeen 1.0 and 2.0 do not 

disprove an association. This is particularly true if the association occurs only in a 

hction of the population, for example those who might be genetically predisposed to 

adverse effects from SBI (32,33). 

Only one study by Hemekens and colleagues has documented a small increase in 

the risk of CTD (RR 1.24, 95% CI 1.08, 1.41). However, this study has important flaws 

which might have resulted in an overestimate of risk (65). In this cross-sectional survey 

of the Women's Health Study cohort, exposure and disease status and associated dates 

were ascertained by self-report without validation by chart review or physical 

examination. The authors argue that the diagnoses reported are likely to be accurate 

because the study population consisted entirely of registered nurses. However, rheumatic 

diseases are diagnostically complex and are therefore less likely to be reported accurately 

by patients (71-73), including those who are nurses (74). Others have found that 28% of 

women are able to identify the year of SBI surgery correctly, and only 9% report the 



correct month and year of surgery (75). Thus, recall bias regarding the temporal 

association of disease onset with respect to exposure may also have affected the risk 

estimates. This study has been described as representing "a worst case scenario" which 

may give some indication of the upper limit of risk of CTD (76). 

1.4.2 Do breast implants cause systemic symptoms? Hill's viewpoints on 

causality discussed above also apply when considering symptoms associated with SBI. 

However, the issue of temporality deserves additional comment in this setting. Because 

symptoms are subjective in nature, we must rely on self-report in order to document their 

presence. Symptoms may be particularly vulnerable to recall bias, as it is difficult to 

verify their occurrence and date of onset. Whereas the diagnosis of a disease may occur 

at a well-defined point in time, the onset date of a symptom is often more difficult to 

pinpoint. particularly if it was gradual in onset. Furthermore, the presence or absence of 

all possible symptoms is usually not documented in medical records. Thus, historical 

records generally cannot be relied upon due to missing information. 

There are numerous case reports and cases series which describe the complaints 

of hundreds of symptomatic women with breast implants, many of whom were referred to 

the authors for medical assessments regarding breast implant litigation. The most 

common symptoms, as reviewed by Borenstein (77), are: fatigue (83% of cases); 

arthralgias (62%); myalgias (49%); cognitive dysfirnction (46%); dry mouth or sore 

throat (44%); hair loss (38%); skin rash (36%); and lymphadenopathy (35%). In the 

United States, concerns have been expressed that women opting for settlement from large 



compensation funds were sent lists of criteria for compensation to be awarded in various 

categories (78). An independent medical examination was necessary in order to obtain a 

monetary settlement, however, many of the criteria require only the demonstration of 

subjective symptoms without any objective evidence of disease. It is not clear how these 

circumstances may have influenced the reporting of various symptoms. Furthermore, 

there is little data on the actual prevalence of symptoms in an unselected population of 

symptomatic and asymptomatic SBI-exposed subjects and an appropriately selected 

control group. The inclusion of a control group is important because a substantial 

proportion of the general population may report symptoms in the absence of any clear 

diagnosis (79-8 1). To date, four controlled historical cohort studies have reported data on 

symptoms and are summarized below (7,62,63,69). 

Gabriel and coworkers (7) performed a retrospective chart review of patients 

enrolled in the Rochester Epidemiology Project (Mayo Clinic) in order to assess the risk 

of CTD among women with SBI. Data was collected on a large number of variables, 

including six symptoms (oral ulcers, photosensitivity, morning stiffness, serositis, 

arthritis, dry eyes and dry mouth). Because medical records generally do not contain 

complete information on the presence or absence of all relevant symptoms (82), the 

incidence rates for these symptoms are likely underestimated. The only significant 

difference between the SBI group and controls was a greater incidence of morning 

stifkess and serositis, however, stratified analysis revealed that the risk was increased 

only in women with breast cancer. This serves to emphasize the importance of breast 

cancer as a potential confounder. 



Giltay and colleagues (62) assembled a retrospective cohoa of all women with 

silicone gel-filled devices (N=374) implanted at the Free University Hospital, Amsterdam 

between 1978 and 1990. A female control, matched on age and year of non-silicone 

cosmetic surgery, was selected for each case from the same department of plastic surgery. 

In June 1992, a questionnaire was mailed requesting information on 7 symptoms and 

their year of onset. Among those contacted, 235 SBI-exposed (63%) and 210 controls 

(56%) were eligible and returned the questionnaire. A greater proportion of subjects with 

SBI reported at least one symptom arising after surgery (37.5%) compared to controls 

(2 1 %). Individual complaints reported more frequently by SBI-exposed subjects 

included arthralgia (20% vs 9%), burning eyes (1 6% vs 7%) and photosensitive rash (9% 

vs 2%). For the remaining 4 symptoms, the study lacked sufficient power to exclude a 

moderate to large increase in risk. Furthermore, the relatively short mean duration of 6.5 

years since surgery may have resulted in an underestimate of risk. In addition, these 

results may be confotnded since 59 (25%) of the SBI respondents had a history of breast 

cancer while none of the controls did. This difference between groups could explain the 

increased risk of symptoms observed in the SBI group. 

In a similarly designed study, Wells and coworkers (63) sent questionnaires to 

826 women aged 20 to 60 years from the practice of one Florida-based p l d c  surgeon. 

The questionnaire asked whether 18 symptoms had been experienced and their time of 

onset relative to cosmetic surgery. Of 826 subjects, 222 SBI-exposed (43%) and 80 

controls (26%) completed the questionnaire. None of the subjects had a history of breast 

cancer. Although surgical records were used to ascertain exposure status, implant type 



was not detailed. The SBI group was 9.5 years younger than the control group and had a 

longer median duration between the time of cosmetic surgery and the survey (5 years 

compared to 3 years for controls). The short duration of exposure relative to the possible 

latency period of 9 years may have lead to an underestimate of the risk of symptoms. 

This study lacked sufficient power to exclude a three-fold increase in risk of most of the 

symptoms. Only "swollen glands under the arms" and "tender glands under the arms" 

were significantly more fkequent in the SBI group. The authors suspect that this 

adenopathy occurred in the immediate postoperative period as a normal response to 

surgical trauma Conversely, change in skin color, breathing difficulty and skin 

thickening were more common in the control group. The authors speculate that the 

breathing symptoms were related to the fact that many of the controls had undergone 

rhinoplasty, and that skin color changes were related to postoperative bruising. 

Therefore, self-reported symptoms in this study may not have measured the intended 

constructs. This misinterpretation of symptoms may have been avoided by including a 

blinded interview and physical examination. 

Recently, Park et a1 (69) published a historical cohort study in which all women in 

southeast Scotland who had silicone gel breast implants behueen 1982 and 1991 (N=492) 

were invited to participate. All procedures were performed at a single hospital, and 

operating room records were used to obtain patient names and surgical history. 

Consenting participants attended the Plastic Surgery clinic for a history and physical 

assessment. This SBI cohort was divided two groups according ro reason for 

mammoplasty, and were analyzed separately using different control groups. The first 



group consisted of 203 women that had SBI for cosmetic reasons; 110 (54%) agreed to 

participate. Female plastic surgery outpatients (N=126) of similar age formed the 

comparison group. The second group consisted of 289 patients that had reconstructive 

surgery post-mastectomy for breast cancer; 207 (72%) consented to the clinical 

assessment. These women were compared to 88 consenting breast cancer patients who 

underwent surgery without reconstruction (88 refused to participate). No differences 

between the two groups of study patients and their respective controls were found among 

the 16 symptoms studied. However, this study lacked sufficient power to exclude a 

three-fold increase in risk of any symptom among the augmentation patients. A strength 

of this study was the inclusion of a face-to-face interview and physical examination in the 

study design, however, the surgeons were not blinded to exposure status such that the 

results may have been biased. Furthermore, no attempt was made to ascertain whether 

the symptoms started before or after the date of cosmetic surgery. 

In summary, none of the above investigations included a complete list of the 

symptoms commonly linked with breast implants. Furthermore, these studies had 

insufficient power to exciude a moderate increase in the risk of most symptoms. While 

subjects were of comparable age to those reported in other epidemiological studies of 

SBI, additional potential confounders were generally not considered. In particular, the 

presence of cornorbid conditions that might cause symptoms was not documented. 

Finally, these research efforts did not evaluate whether a subset of women with SBI 

develop a unique constellation of multiple symptoms, nor did they attempt to measure the 

possible impact of symptoms on health status or quality of life. 



Our research group has recently completed a historical cohort study (68) in order 

to determine whether women with SBI have a higher incidence of CTD than controls. 

This study was designed to overcome some of the weaknesses present in previously 

reported investigations. In particular, it included a blinded face-to-face interview and 

physical examination of subjects by one of three rheurnatologists in order to verify the 

presence or absence of disease, including symptoms. This thesis is based on a secondary 

analysis of the symptom data collected during that study. The primary cohon study will 

be summarized in the next section, and the variables and procedures used in this analysis 

will be presented in the Methods section. 

1.5 Description Of Primary Cohort Study 

1.5.1 Sampling procedure. The sampling W e  for the original historical cohort 

study included all women in the province of Alberta who received breast implants for 

cosmetic reasons or who had other non-silicone cosmetic surgery between 1978 and 1986 

(68). Patients with reconstructive surgery for breast cancer were excluded. Assembly of 

this population-based cohort was made possible through cooperation with the Alberta 

Department of Health who searched procedural codes of the Alberta Health Registry and 

mailed invitations to participate in the study. A detailed health questionnaire, consent 

form, and requisition for a blood test were mailed to respondents who expressed interest 

in participating. The recruitment process is summarized in flow chart format (Figure 1). 

Of the 16,600 patients that underwent cosmetic procedures in this time frame, 17% 

percent of the SBI (N=1,576) and 10% (N=726) of the control population participated. 



Figure 1. Flow chart of enrollment of subjects into the silicone breast implant study. 

Search of procedural codes by Alberta Health to identify all 
women with cosmetic surgery between 1 978 - 1986. 

Approximately 9200 with breast implants and 7400 with 
nonsilicone cosmetic surgery identified 

Presumed current address available for about 60 % of total 

Letter of invitation mailed by Alberta Health to: 

3 152 SBI recipients 2672 controls return 
return response card response card 

2791 / 3 152 willing to 361 1 3 152 not 1527 / 2672 willing 1 145 / 2672 not 
consider participating interested to consider enrolling interested 

j Questionnaire, consent form and requisition for blood test sent to willing subjects. 
I t 

1,576 completed 937 declined 693 declined 
the questionnaire 278 ineligible the questionnaire 105 ineligible 

(3 70 examined) 

1,112 silicone gel-filled (574 examined) 
352 saline-filled (1 54 examined) 
26 polyurethane-coated implants 
86 unknown (history missing fTom chart) 



The remaining subjects could not be contacted (40% of SBI, 40% of controls), did not 

respond to the invitation (26% of SBI, 24% of controls), refused to participate (14% of 

SBI, 25% of controls), or were ineligible (3% of SBI, 1% of controls). The mean 

duration since cosmetic surgery was 12 years. Cosmetic procedures among controls 

included liposuction (5%), lipectomy (15%), breast reduction (32%), rhinoplasty (30%), 

and facial surgery ( 1 8%). 

1.5.2 Data collection. The self-administered questionnaire contained questions 

pertaining to demographics, symptoms. medical and surgical history and use of anti- 

rheumatic drugs. Subjects were asked to indicate whether each symptom had been 

present "before" the cosmetic surgery, "after" the cosmetic surgery or both "before and 

after" (Appendix A). An experienced medical records analyst traveled throughout 

Alberta to review surgical records in order to validate exposure status and the type of 

implant received. Blood samples were provided by 90% of the subjects for blinded 

testing of rheumatoid factor and antinuclear antibodies. Blood results were used to assist 

in the diagnosis of CTDs. Subjects were asked to attend an interview and physical 

examination if they met any of the following criteria: 1) history of rheumatic, neurologic, 

r e d  or thyroid disease at any time 2) two or more symptoms suggestive of rheumatic 

disease with onset "after" cosmetic surgery; 3) use of antirheumatic drugs; 4) a mean 

disability score 1 1.5 on the modified Stanford Health Assessment Questionnaire (83); or 

5) a positive blood test result. 



In total, 1,345 subjects were examined 6 to 12 months afier the mailed 

questionnaire in order to validate diagnoses, thereby minimizing the potential for 

misclassification of disease status. In order to maintain physician blinding, all 

participants were instructed to wear their brassiere, a hospital gown and a canvas bib, and 

were also reminded not to divulge their exposure status. The examining rheumatologist 

was provided with a summary of positive symptoms, diagnoses and family history fiom 

the self-administered questionnaire to allow clarification of this information during the 

interview. The blinded rheumatologists then verified diagnoses during a standardized 

rheumatic disease history and physical examination. In order to minimize the chance of 

becoming unblinded, the rheumatologist recorded symptoms as 4bpresent" or "absent" but 

did not record whether they had onset before or after cosmetic surgery (Appendix B). A 

symptom v~as recorded as "absent" if, in the physician's judgment, the complaint 

represented a normal bodily sensation or if the subject had misinterpreted the intended 

meaning of the symptom. For example, "dry eyes" was recorded as absent if the patient 

indicated a history of eye strain secondary to overuse rather than a typical description of 

sicca symptoms. 

1.53 Data analysis. All data collected in the historical cohort study were 

abstracted into Medlog (Medlog Clinical Data Management System, Infomation 

Analysis Corporation, Incline Village, NV). The database was examined for unusual 

values due to coding errors, and a sample of the data was reviewed along with the raw 

data in order to detect data entry problems. The primary outcome of the original cohort 



study was a diagnosis of any of the following connective tissue diseases, using accepted 

criteria: rheumatoid arthritis (84), systemic lupus erythematosus (85), sclerodema 

(86,86) or Sjogren's syndrome. The diagnosis was made by the rheumatologist 

immediately after examining the subject based on clinical assessment and blood test 

results. Only outcomes in which the disease onset date occurred ajier the date of index 

surgery were considered as incident cases. 

15.4 Findings. Based on aggregate data provided by Alberta Health, health care 

utilization was greater among study participants than nonparticipants irrespective of 

exposure group. This difference may have occurred because people who are familiar 

with the health care system may be more likely to volunteer for research studies. 

Furthermore, age-adjusted utilization rates suggested a possible bias in favor of detecting 

higher rates of rheumatic disease in the SBI group, which would not be expected to alter 

the main conclusions of the study. The age-adjusted relative risk of developing any one 

of the four CTD of interest was 1 .OO (95% CI 0.45, 2.22). Although this result suggests 

that the risk of CTD is not increased in women with silicone gel breast implants, this 

study could not exclude a two-fold increase in risk. 



2.0 METHODS 

A secondary analysis of the historical cohort study conducted by our research 

group (Section 1.4) was undertaken in order to evaluate the symptoms and health status 

of women with silicone gel breast implants, saline breast implants and non-silicone 

cosmetic surgery controls. 

2.1 Ethics 

This secondary analysis did not involve contact with the study subjects, such that 

no further consent was required. While ethical approval was obtained for the original 

study, the question posed by this secondary analysis was not stated in the original 

protocol. Therefore, approval of this project was obtained from the Conjoint Medical 

Ethics Committee of the University of Calgary. 

Nomaleficence and beneficence refer to the ethical obligations of the 

investigator to minimize harm, and maximite the potential benefits to persons involved in 

the research project (87). In order for the present study to provide valid information that 

may benefit the subjects, as well as society, it must be conducted in a scientifically 

rigorous manner. Potential harm could arise if invalid results were published leading to 

inappropriate advice and management directed toward women with SBI. Respect for 

persons implies that the researcher will protect the subject's autonomy and maintain 

confidentiality (87). The author of this thesis is one of the rheumatologists that 

conducted interviews and physical examhations for the primary cohort study, such that 

access to the data did not present problems with confidentiality. Furthermore, hard 



copies of the data are stored in a locked facility, and the computerized database is 

protected by a password. 

2.2 Database and Statistical Software 

The data from the primary cohort study was entered into Medlog (Medlog Clinical 

Data Management System, Version 95.6b, Information Analysis Corporation, Incline 

Village, NV). While this is a powerful data management program, the menu of statistical 

analyses available in Medlog is limited. The variables of interest for this study were 

therefore exported as a comma delimited file using the Communicate program in Medlog, 

and imported into Excel (Microsoft Q Excel 97, Microsoft Corporation, Redmond, WA). 

The Excel file was then imported into SYSTAT (SYSTAT Q 7.0 for Windows @, SPSS 

Inc., Chicago, IL), which was used for all subsequent data manipulation and statistical 

analyses. 

Quality control and data cleaning was performed during the original cohort study. 

This was accomplished by comparing a sample of the entered data with the raw data in 

order to fmd coding errors or data entry problems. The variables used in the present 

analysis were examined further for unusual values, and discrepancies corrected after 

reviewing the paper charts. The variables of interest included sociodemographic 

information, twenty-five self-reported symptoms, eighteen symptoms recorded by a 

physician during the face-to-face inteniew, and several scales measuring disability, 

quality of life, global health, and the intrusiveness of cosmetic surgery complications. 

These variables are described fbrther in Section 2.4. 



23 Subjects 

This secondary analysis used data collected fiom three distinct exposure groups, 

including the 1,112 women with silicone gel-filled implants, the 352 women with saline 

implants, and the 726 controls who completed the study. In order to study unexplained 

symptoms in otherwise healthy women who have undergone cosmetic surgery, it was 

necessary to exclude subjects diagnosed with diseases that are known to cause systemic 

symptoms. All International Classification of Diseases (ICDd) codes entered into the 

database were tabulated with the corresponding disease name. A selection of conditions 

that can cause multiple systemic symptoms was generated from this list, including 

malignancies, endocrinopathies, neuropsychiatric disorden, plus systemic rheumatic, 

cardiopulmonary, renal and gastrointestinal diseases. Some ICD-9 codes are relatively 

nonspecific and may not reflect the nature or severity of the disorder. Therefore, the 

paper chart of each subject with one or more of the selected conditions was reviewed in 

order to confirm that the correct ICD-9 code had been assigned and to determine whether 

the exclusion criteria described below were present. 

Patients with the following conditions were excluded: 1) any cancer except non- 

melanoma skin cancer or cervical dysplasia; 2) well documented systemic rheumatic 

diseases, including rheumatoid arthritis, systemic or discoid lupus erythematosus, 

Sjogren's syndrome, scleroderma spectrum disorders, dermatomyositis, vasculitis, 

polymyalgia rheumatics, sarcoidosis, and seronegative spondyloarthropathies; 3) 

idiopathic thrombocytopenic purpura requiring prednisone or splenectomy; 4) 



gastrointestinal disease, including Crohn's disease, ulcerative colitis, Celiac disease, 

chronic autoimmune hepatitis, past hepatitis B infection, and chronic pancreatitis; 5) 

endocrinopathies, including diabetes mellitus requiring oral hypoglycemic agents or 

insulin, hyperparathyroidism, hyperprolactinemia, and hypothyroidism with arthropathy 

(subjects on thyroid hormone replacement therapy were not excluded); 6) severe obesity, 

based on the exclusion criterion used for chronic fatigue syndrome (3), was defined as a 

body mass index 2 45 kg/m2; 7) neuropsychiatric disorders, including multiple sclerosis, 

multifocal peripheral neuropathy, stroke, narcolepsy, reflex sympathetic dystrophy, 

encephalitis with permanent deficits. post-polio syndrome, traumatic or alcohol-induced 

neuropathies, schizophrenia; 8) significant cardiac disease, including previous myocardial 

infarction, congestive heart failure, and angina requiring anti-anginal medications or 

revascularization (angio plasty or coronary artery bypass grafhng); 9) obstructive 

pulmonary disease requiring prednisone therapy or admission to hospital; 10) severe 

trauma resulting in chronic pain syndrome or major disability. 

2.4 Description of Variables 

2.4.1 Sociodemographic variables. A number of continuous and categorical 

baseline characteristics were analyzed in order to ensure that the silicone gel, saline and 

control groups were comparable to one another and to subjects described in the literature. 

Age in years was calculated based on the date that the self-reported questionnaire was 

completed. The time in years since surgery was calculated by subtracting the date of the 

cosmetic procedure from the date of the questionnaire. Self-reported height and weight 



were used to calculate the body mass index (BMI), which is equal to the weight in 

kilograms divided by the height in metes squared. Use of the BMI allowed estimation of 

the proponion of women that met sex-specific definitions for being underweight (BMI < 

19.0), ovenweight @MI 2 27.3) and severely overweight (BMI 2 32.3)(88). The total 

number of years of education completed was also summarized. 

Ethnic origin was recorded for each subject according to the following categories: 

white, black, Asian or Pacific Islander, First Nations, Hispanic, East Indian. or other. 

Other categorical variables included current marital status (single. married, separated, 

divorced, widowed), occupation and health behaviors. Occupations were coded 

according to the Canadian National Occupational Classification (89) and collapsed into 

broad categories for current employment only. Subjects with "no occupation7' were not 

fkther categorized in the database as being homemakers, unemployed, retired, or 

disabled. As part of the health behavior evaluation. subjects were asked "How often do 

you exercise?". The 4 possible responses (never, 1-2 times per month, 1-3 times per 

week, > 3 times per week) were collapsed in order to categorize subjects according to 

whether they exercised regularly Q 1-3 times per week) or not. No additional 

information regarding the type of exercise was available. Based on questions regarding 

current and past smoking history, a dichotomous variable was created in order ir, classify 

subjects as having &ever" smoked or 'hevef' smoked. A similar dichotomous variable 

was created for alcohol use "evei'. Alcohol consumption was further classified 

according to whether the subject had ever consumed 7 or more drinks per week. This 

cutoff was chosen to allow comparison with published data (90). 



2.4.2 Self- reported symptoms. The self-administered questionnaire asked 

subjects to review a list of 30 symptoms and, if they had experienced any of the 

symptoms, to place a check mark indicating whether each symptom had occurred 

"before" cosmetic surgery, "after" cosmetic surgery or both "before and after" cosmetic 

surgery (Appendix A). If a symptom was not experienced, respondents were asked to 

leave the question blank. While this format does not allow the detection of missing data, 

the same design has been used in other self-administered questionnaires, including the 

Sickness Impact Profile (91). 

Eleven of the symptoms were considered to be typical complaints associated with 

CTD, although most can occur done or with other conditions. The symptoms "rash over 

the cheeks (butterfly rash)" and "sun sensitivity" refer to inflammatory rashes that are 

part of the diagnostic criteria for systemic lupus erythematosus (i.e. malar rash and 

photosensitivity, respectively). The symptom "skin tightening" was included as a screen 

for the highly characteristic skin changes of scleroderma, in which the skin becomes 

thick, tight and bound down to underlying tissues. "Skin ulcers" can occur with any of 

the CTD, but are particularly common in patients with scleroderma "Red, white and 

blue skin color change in the fingers on exposure to cold or with emotional upset" is 

known as Raynaud's phenomenon. This spasm of blood vessels can occur alone or in 

association with any of the CTD, particularly sclerodema. "Dificulty swallowing or the 

feeling of food getting stuck", referred to as dysphagia, is also very common in 



scleroderma "Seizures" and "miscarriages" are features of systemic lupus erythematosus 

and lupus-like disorders. 

Additional symptoms of CTD relate to joint involvement. "Joint swelling" may 

result fiom inflammatory arthritis due to soft tissue swelling and joint fluid accumulation. 

Bony enlargement due to noninflammatory osteoarthritis can also produce joint swelling. 

Arthritis may damage joints and surrounding tissues leading to "hand deformities" which 

tend to be most severe in association with rheumatoid arthritis. Prolonged and severe 

"morning stifiess" that improves with activity is a classical feature of inflammatory 

arthrius. For this study, morning stifhess was coded as present if it lasted at least 45 

minutes. 

The remaining 19 symptoms may also occur with increased frequency in women 

with CTD, but are much less specific. These nonspecific symptoms are self-explanatory 

and include: enlargement of lymph nodes; dry eyes; dry mouth; mouth sores (ulcers); 

nose sores (ulcers); hair loss; body rash; facial rash; heartburn, indigestion or belching 

(i.e. dyspepsia); chest pain on taking a deep breath; muscle pain; hand joint pain; 

headaches; numbness; waking at night (insomnia); trouble thinking and remembering; 

abnormal vaginal bleeding; menstrual problems; and cessation of menstrual periods. 

Self-reported symptoms were among the criteria used in the primary cohort study 

to determine which patients should undergo a clinical evaluation for classical or atypical 

CTD. Women with two or more of the eleven CTD-associated symptoms were called for 

an assessment. Subjects that had 4 or more of 15 selected nonspecific symptoms were 

also evaluated. Heartbum, insomnia, and menstrual symptoms were excluded fkom the 



latter criterion as they are very common in the general population and have not been 

associated with SBI in the past. Individuals with one or more CTD-associated symptoms 

plus 2 or more nonspecific symptoms were also invited for an interview and examination. 

2.43 Physician-recorded symptoms. The blinded rheumatologist reviewed 35 

symptoms with each subject that attended the clinical examination, 18 of which had also 

k e n  included in the self-administered questionnaire (Appendix B) . These 1 8 symptoms 

were used to assess agreement between self-report and interview data (see Section 2.5.2). 

The self-reported symptoms "rash on face" and "rash over cheeks" were combined for 

comparison with the symptom "malar rash" recorded by the physician. In addition, 

"mouth ulcers" and "nose ulcers" were combined for comparison with the symptom 

'"mouthlnose ulcers" recorded during the clinical examination. As well, responses to the 

self-reported symptom "hand joint pain" were compared with those recorded by the 

physician as joint pain at any location (i.e. "arthralgia"). The four additional symptom 

variables appearing in Appendix B (fatigue, diarrhea, constipation, and abdominal pain) 

were used in the cluster analysis (Section 2.5.3). 

2.4.4 Health Status Measures. Health status was evaluated using five validated 

instruments. Self-reported quality of life was measured using a 10 cm visual analogue 

scale WAS) with the terminal descriptors "lowest quality" (0 cm) and "highest quality" 

(10 cm). Definitions of the terminal descriptors are also included as a guide for 

individuals completing the VAS (Appendix A). This scale was originally developed by 



Spitzer and colleagues for use by health care professionals in the evaluation of cancer 

patients (92). While this scale can discriminate between healthy subjects and diseased 

patients, it was not designed to measure differences in quality of life among healthy 

individuals (92). 

Subjects were asked to consider all aspects of their health and to rate their health 

on a 10 cm VAS with five verbal descriptors (Appendix A). A score of 10 crn 

corresponds to very poor health. Global health status was also rated by the examining 

physician using a double-anchored VAS scored from 0 cm ("very poor") to 10 cm 

("besty7). The Stanford Health Assessment Questionnaire (HAQ) was originally used for 

evaluating patients with rheumatoid arthritis (93), but has since been applied to a number 

of other rheumatic diseases (94). The disability index of the HAQ has been modified to 

include one item, instead of three, from each of eight domains pertaining to the level of 

difficulty performing activities of daily living (83). Responses are graded as "0" (without 

any difficulty), "1" (with some difficulty), "2" (with much dificulty) and "3" (unable to 

do) such that total scores range between 0 and 24 (Appendix A). This instrument is 

scored by taking the average of the eight responses to obtain a mean HAQ score. 

The above generic scales measure complex constructs related to perceived 

"health" and "quality of life", and are therefore &el./ to incorporate a wide variety of 

factors into the final score. Since we are specifically interested in possible adverse 

effects of cosmetic surgery, the Illness Intrusiveness Rating Scale was also included (95). 

Subjects were asked whether they had experienced complications from their cosmetic 

surgery, and those with complications rated the degree to which the adverse effects had 



impacted on thirteen different aspects of life (Appendix A). Seven-point Likert scales 

with two terminal descriptors, "not very much" ("1") and Wery much" ("7") were scored 

for each item. The value of "1" indicated that aspect of life was not affected by the 

complications. A total score was obtained by summing the scores of the thirteen items, 

giving a range of possible scores of 13 (no complications or no effect) to 91 (severe 

adverse effects) . 

2.4.5 Diagnostic Certainty of Autoimmune Disease and Fibromyalgia. The 

blinded rheumatologists used clinical judgment in order to determine whether the 

subjects selected for a clinical examination had a number of different disorders, inclading 

fibromyalgia, current autoimmune disease or a past autoimmune disease. After 

reviewing the history, physical examination and laboratory tests, we recorded our 

impressions as a percent certainty for each diagnosis using 10 cm VAS. Fibromyalgia is 

a syndrome that is diagnosed based on the presence of widespread musculoskeletal pain 

and the presence of pain on digital palpation of at least 11 out of 18 tender points at 

defined anatomical locations (4). A specific case definition for current or past 

autoimmune disease was not detailed. The latter two variables were designed to capture 

clinical suspicions that an autoimmune condition may have been present but could not be 

classified according to diagnostic criteria for known disorders. In rheurnatological 

practice, it is well recognized that certain rheumatic diseases may present with 

undifferentiated symptoms that may take years to evolve to the point where a firm 



diagnosis can be established. Therefore, the intent was to screen for possible early or 

atypical autoimmune disease. 

2.5 STATISTICAL ANfiYSES 

2.5.1 Descriptive Analysis of Symptom Data. A descriptive analysis of 

symptoms was undertaken in order to quantitate the fiequency of each symptom in our 

sample of cosmetic surgery patients, which included women who were exposed to SBI 

for a minimum of 8 years. Bar charts were used to summarize the proportion of subjects 

in each group with each symptom, and the time of onset of each symptom in relation to 

cosmetic surgery. 

Symptoms reported to have onset "after" plastic surgery were considered to be 

incident symptoms relative to the time of the procedure. This assumes that patient recall 

of the temporal relationship of symptom onset with respect to surgery is accurate. 

Because the precise date of onset of each symptom is unknown, it is not possible to 

express the result as an incidence density (i.e. number of events per person-years of 

follow-up). Instead, the number of subjects who developed a given symptom after 

surgery was divided by the number of subjects who were k e  of that symptom at the start 

of the exposure period. In other words, the denominator excluded individuals who 

reported that they had the symptom either "before" or "before and after" the cosmetic 

procedure. These proportions are referred to as the frequency of incident symptoms. The 

calculation is analogous to a cumulative incidence rate, which is defined as the proportion 

of subjects who experience the onset of a given event during a specified time interval that 



is generally the same for all subjects (96). However, the proportions calculated do not 

adhere strictly to the latter definition since the length of follow-up varied between 8 to 16 

years. The longer the duration of follow-up, the greater the opportunity for individuals to 

develop new symptoms. Due to the varying lengths of follow-up, and the inability to 

precisely define the presence and date of onset of each symptom, reporting of incidence 

rates and relative risks would be misleading. Furthermore, the main focus of this work is 

to explore the presence of multiple symptoms rather than to estimate the relative risk of 

individual symptoms. 

The proportion of subjects with each of the self-reported symptoms "before" or 

"before and after" cosmetic surgery was also estimated using the total number of 

participants in each group as the denominator. Each proportion was considered to be an 

estimate of the prevalence of that symptom at the time of cosmetic surgery. This 

information was of interest mainly to assess whether the exposure groups had similar 

perceptions regarding their symptomatic state at the time of surgery. If women with SBI 

are more likely to attribute their current symptoms to their breast implants, then they may 

report a lower prevalence of symptoms with onset before surgery and a higher frequency 

of symptoms with onset after surgery compared with controls. 

Symptoms reported as occurring "after" or "before and after" cosmetic surgery 

were assumed to represent prevalent symptoms at the time the current study was 

conducted. The frequency of incident symptoms, the prevalence of symptoms at the time 

of surgery and the prevalence of current symptoms were expressed as percents for the 

three exposure groups and tabulated separately. While statistical testing to compare the 



fiequency of each symptom between groups was not a planned objective of the analysis, 

chi-squared statistics comparing the three groups were performed to facilitate 

appreciation of the main differences between groups. 

The number of self-reported symptoms with onset after surgery was summed for 

each individual. A fiequency histogram of symptom number per subject was plotted for 

each exposure group in order to assess the shape of the distribution and the proportion of 

subjects with multiple symptoms. Because the distribution of symptom number per 

subject was highly skewed, the median and interquartile range are presented and 

nonparametric tests were used to assess differences between groups. The three groups 

were compared using the Kruskal-Wallis test, and painvise differences were assessed 

using the Mann-Whitney U test (97). 

2.5.2 Descriptive Analysis of Health Status. The distribution of scores for the 

quality of life, global health, and Illness Intrusiveness Rating Scale were presented as 

box-and-whisker plots for each group. The median and interquartile range were 

presented as the measure of central tendency since the distributions were skewed. The 

mean and 95% confidence intervals were also presented to allow comparison between 

this study and values reported in the literature. 

2.53 Agreement Between Patient- and Physician-Recorded Symptoms. 

Paired responses for the 18 symptoms recorded on the self-administered questionnaire 

and the physician interview were cross-tabulated. The resulting two-by-two tables were 



pooled to allow an overall assessment of the agreement between the self-report and 

inteniew data Because the blinded physician recorded current symptoms but not the 

date of onset, the physician record was compared to self-reported symptoms present 

"after" or "before and after" surgery (i-e. prevalent symptoms). A kappa statistic with 

95% confidence intervals was calculated as a measure of agreement that corrects for the 

occurrence of the same response due to chance alone. Interpretation of kappa (K) 

followed general guidelines (98) indicating that agreement was very good (K = 0.81 - 

1.00), good (K = 0.61 - 0.80), moderate (r = 0.4 1 - 0.60), fair (K = 0.21 - 0.40) or poor 

(K < 0.20). 

2.5.4 Cluster Analysis of Symptoms. Cluster analysis is an exploratory 

technique used to search for structure or natural groupings in data based on measures of 

similarity or association between variables (99). In the present study, a cluster is 

considered to be a grouping of symptoms that are associated with one another. Cluster 

analysis is usually applied in order to detect previously unnoticed, potentially useful 

groupings that may lead to the generation of hypotheses that can be studied in the future. 

The first step in a cluster analysis is to choose the variables to be analyzed since 

this becomes the h e  of reference within which the clusters are established. This 

choice should reflect the researcher's judgment of relevance based on existing knowledge 

(100). It is not appropriate to input huge numbers of variables with the hope that cluster 

analysis will find some useful structure. In the present study, dichotomous variables 

representing the presence or absence of 23 self-reported incident symptoms among 



women with silicone gel-filled breast implants were analyzed. These symptoms were 

originally recorded because they include typical features of CTD, as well as the most 

frequent complaints associated with breast implants. Seven of the 30 self-reported 

symptoms (Appendix A) were excluded in order to obtain a more manageable number of 

variables. The following symptoms were judged to have less relevance because they are 

not typical concerns associated with breast implants: abnormal vaginal bleeding, 

menstrual problems, cessation of menstrual periods, miscarriages, and seizures. The 

symptom "skin ulcers" was omitted because it was so rare. Finally, the symptom "hand 

deformities" was excluded because it has not typically been associated with SBI but was 

originally included to screen for severe arthritis associated with the CTDs described in 

the primary cohort study. The 23 symptoms analyzed represent a wide range of specific 

and nonspecific symptoms. It was felt that further exclusion of symptoms might be too 

restrictive, thereby imposing structure on the data based on preconceptions of what the 

symptom groupings should be. 

The next step in cluster analysis is to choose a measure of "similarity" between 

variables, referred to as a similarity or association coefficient. Symptoms represent 

binary data, such that pairs of symptoms can be arranged in the fonn of 2 x 2 contingency 

tables and a similarity coefficient calculated as the measure of association. There are a 

number of similarity coefficients available (99), however, Jaccard's coefficient shown 

below was selected because it gives a 1-1 match greater weight (i.e. both symptoms 

present) than a 0-0 match (i.e. both symptoms absent). This coefficient makes sense 

since it implies that the presence of both symptoms is stronger evidence of similarity than 



Figure 2. Formula for calculation of Jaccard's similarity coefficient. 

Symptom 1 

Yes No 

Yes 
Symptom 2 

No 

Similarity Coefficient (S)  = a 
a + b + c  

the absence of both symptoms (99). A matrix of similarity coefficients between all pairs 

of symptoms was constructed for use in the cluster analysis. 

A clustering algorithm known as hierarchical agglomeration was used because it 

is a datadependent technique that does not require the investigator to make arbitrary a 

priori assumptions regarding the number or nature of the clusten (99). This algorithm 

starts with each symptom variable as an individual cluster. Symptom pairs with the 

highest similarity coefficients are the most closely associated and are merged first to form 

new groups. These initial clusten continue to be joined with other clusters and 

eventually, as the similarity decreases. all subgroups are fused into a single group. The 

mergers made at successive levels during the cluster analysis are displayed in a two- 

dimensional tree diagram or dendrogram. The dendrogram includes a "distance axis" in 

which the degree of dissimilarity at each merger is illustrated graphically by the leneth of 

the branch. The longer the branches before two symptoms join, the larger the distance 

and the less similar they are to one another. An example of a dendrogram will be 

presented in the Results (Section 3.5). 



It was also necessary to select linkage criteria that the clustering algorithm w s  to 

decide whether one variable or cluster is similar enough to another to be joined with it. It 

is recommended that the cluster analysis be repeated using several different linkage 

methods as a means of validating the cluster solution. Therefore, the current analysis 

used the four most common techniques, including single linkage, complete linkage, 

average linkage and the minimum variance method (99,100). These methods are also 

referred to in the literature by a number of other names (101). Each method is described 

briefly below, and a detailed example of the average linkage method is also presented in 

the Results. 

The single linkage method defines the distance between two groups as the 

distance between their closest members (Figure 3a). Since single linkage joins clusters 

by the shortest link between them, it has difficulty discriminating between poorly 

separated clusters. The complete linkage method is exactly the opposite of single 

linkage. The distance between groups is defined as the distance between their most 

remote pair of members (Figure 3b). Thus complete linkage ensures that all members of 

a cluster are within some maximum distance of each other. Average linkage is 

intermediate between these two extremes and has been used extensively in biological 

sciences (102). It defines the distance between groups as the average of the distances 

between all pairs of members in the two groups (Figure 3c). Finally, the minimum 

variance method considers all possible pairs of clusters and, at each step, joins the pair 

whose h i o n  results in the smallest increase of the within-group variance. 



Cluster distance 

Figure 3: Schematic diagram illustrating inter-cluster distance (dissimilarity) for (a) 
single linkage, (b) complete linkage, and (c) average linkage [from Johnson and Wichem 
(9911 

As mentioned previously, each cluster analysis began with 23 clusters consisting 

of one symptom, and ended with a single large cluster containing all 23 symptoms. In 

most applications, the intermediate results consisting of a small number of clusters are of 

interest. There are no reliable quantitative methods for deciding how many clusters may 

be present in the data (100). The most useful method was applied in the present study, 

which is to simply examine the dendrogram for clusters that are visually apparent. A 

large increase in the distance at which the next symptom joins a cluster is often a clue 

that the symptom does not belong to that grouping. 

Rigorous validation of a cluster solution involves replicating the solution across 

different linkage methods, across parallel data sets, and across a different collection of 



variables or afker introducing minor changes to the data (1 00). External validation of the 

cluster analysis is discussed in the next section (Section 2.5.5). Each analysis was 

performed using the four linkage methods discussed above. Parallel data sets were 

created by randomly dividing the silicone gel group into two halves, and performing 

independent analyses on each half. The random number generator available in SYSTAT 

was used for this purpose. Although the analysis of incident symptoms was of primary 

interest in the present study, minor changes to the data were introduced by using 

prevalent symptoms in the analysis. Finally, the analysis was replicated using a different 

set of variables based on physician-recorded symptoms. 

Clusters that consistently emerged through the above validation procedures were 

considered to be useful solutions. For a given cluster of symptoms, a "cluster score" was 

calculated for each subject by summing the number of symptoms they had experienced 

from that grouping. Cluster scores were compared between the three exposure groups 

using the same nonparametric statistics described above (Section 2.5.1) because the 

distribution of scores was highly skewed. 

In order to qualitatively compare symptom clusters fiom women with silicone gel 

implants with the other two groups, the above cluster analyses and validation procedures 

were also used to evaluate symptoms reported by the saline and control groups. The only 

exception was that these exploratory analyses were run only once using all the data fiom 

each group rather than dividing the data into two parallel data sets, as described for the 

silicone gel p u p .  



2.5.5 Correlation Between Cluster Score and Health Status. Correlations 

between cluster scores and health status were analyzed for two main reasons. Fint, we 

were interested in assessing whether cluster symptoms might adversely affect health 

status. Second, one of the best ways to validate a clustering solution is to perform 

statistical analyses with relevant variables not used to generate the cluster solution (102). 

This procedure is referred to as "external validationy7 since it assesses the generality of the 

solution using variables that are external to the cluster analysis. If the members of a 

cluster differ fiom non-members for a nwnber of relevant characteristics that were not 

used to determine membership, for example demographics or specific health outcomes, 

then this provides additional evidence that a useful result has been obtained. The value of 

a cluster solution that has been externally validated is said to be greater than a solution 

that has not (102). Nevertheless, even cluster results that have been externally validated 

should be considered exploratory and require testing in other samples of subjects. 

The choice of relevant external criteria may be difficult in exploratory analyses 

when there is no content knowledge to help the investigator judge what criteria are 

appropriate. In the current study, we were interested in determining whether women with 

breast implants developed an identifiable cluster of symptoms and whether these 

symptoms were associated with reduced health status, specific demographic 

characteristics or the presence of an autoimmune syndrome. These associations were 

explored by assessing whether cluster scores were correlated with age, body mass index, 

quality of life, global health, illness intrusiveness, or the diagnostic certainty that the 

patient had an autoimmune disorder or fibrornyalgia Spearman' s rank correlation 



coefficients were used instead of Pearson's correlation coefficients since the former 

method has the advantage of assessing general associations while the laner method 

assesses linear associations (103). This choice was appropriate since scatter plots showed 

no evidence of a linear relationship between the variables of interest. Furthermore. 

calculation of Peanon coefficients requires at least one of each pair of variables to be 

Normally distributed (103). With the exception of age and body mass index, the 

variables included in this analysis were not Normally distributed. Tests to determine 

whether the correlation coefficients differed significantly fiom zero were performed 

using SYSTAT based on a t distribution with (n - 2) degrees of freedom. 



3.0 RESULTS 

3.1 Excluded Subjects 

A search of the SBI cohort database identified 369 participants with silicone gel- 

filled breast implants, 120 subjects with saline implants and 271 controls with possible 

diseases associated with multiple symptoms that would require exclusion from the 

symptom analysis. The paper charts of these 760 participants were reviewed in order to 

verify the presence of disease and therefore determine whether exclusion fiom the current 

study was necessary. 

The chart review identified 96 silicone (8.6% of total), 43 saline (1 2.2%) and 1 17 

(16.1%) control subjects who met the exclusion criteria of this secondary analysis (Table 

1). Of the eight categories of disorden listed in Table 1, the most common reasons for 

exclusion in all three exposure groups were cancer and rheumatic diseases. 

Gastrointestinal and neurological disorders occurred with similar frequency in the three 

groups. The category "other neurological" disorders included permanent deficits 

resulting fiom: stroke (1 con~ol);  encephalitis (1 control); polio (1 saline); peripheral 

multifocal neuropathy (1 silicone); and spinal stenosis (1 silicone). Diabetes mellitus and 

extreme obesity (BMI 2 45) were more fiequent among controls than women with breast 

implants. Cardiac disorders, including ischemic heart disease (10 controls; 3 silicone) 

and congestive heart failure (2 controls; 2 silicone), were also more fiequent in control 

subjects. Less frequent disorders, included in Table 1 under the category "Other", were: 

schizophrenia (1 control); narcolepsy (2 controls); reflex sympathetic dystmphy (1 

control, 1 silicone); severe trauma (2 controls); diabetes insipidus (1 control); 



Table 1. Proportion of subjects (%) in the silicone implant, saline implant and control 
groups excluded f?om the secondary analysis due to the presence of selected diseases. 

Disorder Silicone gel Saline Controls 
(N=1112) t (N=352) (N=726) 

Cancer 

Rheumatic Disease: 
Rheumatoid arthritis 
Systemic lupus 
Vasculitides 
Sjogren' s syndrome 
Juvenile rheumatoid 
Psoriatic arthritis 
Spondyloarthropathies 
S arco idosis 
Pol ymy al gi a rheumatics 
Discoid lupus 
Dermatomyositis 
Morphea 

Gastrointestinal: 
Crohn's disease 
Ulcerative colitis 
Celiac disease 
Previous hepatitis B 
Autoimmune hepatitis 

Neurological: 
Multiple sclerosis 
Other neurological 

Metabolic: 
Type I1 diabetes mellitu 
Severe obesity (BMI245) 

Cardiac disease 

Obstructive lung disease 

Other disorders 

Proportion Excluded $ 8.63 % 12.22 % 16.12 % 

t Values represent the per cent in each group with the diagnosis, and includes disorders 
that onset "before" or 'iafter" cosmetic surgery. 

f The sum of the column values is not equal to the proportion excluded because some 
subjects had more than one diagnosis. 



hyperparathyroidism (1 silicone); hyperprolactinemia (1 silicone); untreated 

hypothyroidism with arthropathy (1 control); idiopathic thrombocytopenic purpura 

requiring splenectomy (2 silicone); alcohol abuse with subdural hematoma (1 silicone); 

alcoholic neuropathy due to vitamin B deficiency (1 silicone); and chronic pancreatitis (1 

silicone, 1 saline, 1 control). Overall, a greater proportion of control subjects were 

excluded compared to the silicone group, primarily due to a higher prevalence of cancer, 

severe obesity, Type I1 diabetes mellitus and cardiac disease. 

3 3  Analysis of Sociodemographic Data 

Control participants were, on average, older than women with SBI by more than 

four years (Table 2a). The average time interval since cosmetic surgery was 12 years in 

the three exposure groups. Height was similar between groups, however. the conbols 

were about 5 kg heavier compared to subjects with breast implants. This difference is 

also reflected in the body mass index values, and the proportion of subjects fulfilling 

accepted definitions for being underweight (BMI < 19), overweight (BMI > 27.3) and 

severely ovenveight (BMI >32.3) (88). Women with breast implants were twice as likely 

to be underweight compared to controls, while controls were about 5 times more likely to 

be severely overweight. Level of education was similar in the three groups. 

A similar proportion of women in the three groups were employed in 

professional, technical or managerial positions, and in farming or other labor (Table 2b). 

Controls were less likely to work in clerical, sales or service industries and a greater 

proportion of controls were currently not employed outside the home (i-e. listed under 



Table 2a. Continuous demographic characteristics of subjects in the silicone breast 
implant, saline breast implant and control groups. 

Characteristic Silicone, N= 1 0 1 6 Saline, N=309 Control, N=609 
Mean (95% CI) Mean (95% CI) Mean (95% CI) 

~ u r a t i o n ~  (years) 

Height (cm) 

Missing (n) 

Weight (kg) 
Missing (n) 

Body mass index 
Missing (n) 

-= 19.0, % (95 CI) 
2 27.3, % (95 CI) 
2 32.3, % (95 CI) 

Education (years): 
Missing (n) 
> 16 yr, %, 95 CI - 

t Duration refers to the number of years since the date of cosmetic surgery. 

occupation as 'hone") relative to the breast implant groups. Over 95% of subjects were 

Caucasian in each of the three groups (Table 2b). Women with silicone gel implants 

were slightly more likely to be married than controls, and less likely to be single or 

widowed. The proportion of subjects that were separated or divorced was similar 

between groups. In general, controls were less likely to have ever used tobacco relative 

to breast implant recipients. Alcohol use was similar in the three groups of women. 

About two thirds of subjects reported that they exercised regularly (1 1 to 3 times per 

week), irrespective of exposure status. 



Table 2b. Categorical demographic characteristics of subjects in the silicone breast 
implant, saline breast implant and control groups. 

Feature 
. 

Silicone, N=10 16 Saline, N=309 Control, N=609 
% (95% CI) % (95% CI) % (95% a) 

Occupation: 
ProfessionaVTechnicd 

Managerial 
Clerical/Sales/Service 
Fdng/Other Labor 
None 
Missing (n) 

Ethnic Origin: 
Caucasian 

Marital Status: 
Married 
Separated.divorced 
Widowed 
Single 

Health Behaviours: 
Regular exercise 

Missing (n) 
Tobacco use ever 

Missing (n) 
Alcohol use ever 

> 7 drinks/week ever - 
Missing (n) 

3 3  Descriptive Analysis of Self-Reported Symptoms 

The purpose of this analysis was to report the fiequency of symptoms and their 

temporal relationship to cosmetic surgery. Figures 2q 2b and 2c are bar charts that 

summarize responses to the symptom questionnaire (Appendix A) for the silicone gel, 

saline and control groups, respectively. The symptoms are listed in ascending order of 

fiequency for those with onset "after" surgery among the silicone gel breast implant 



Skin ulcers 

Tight skin 

Malar rash 

Hand deformity 

Oral ulcers 

Nose ulcers 

Facial rash 

Adenopathy 

Dry mouth 

Raynaud's 

Body Rash 

AM stiffness 

Dysphagia 

Dry eyes 

Pleuritic pain 

Photosensitivity 

Hair loss 

Joint swelling 

Figure 4a Proportion of silicone gel implant recipients with each 
symptom and the time of occurrence relative to cosmetic surgery. 
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Figure 4b. Proportion of saline implant recipients with each symptom 
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Figure 4c. Proportion of control subjects with each symptom and the 
time of symptom occurrence relative to cosmetic surgery. 
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group; this order is maintained in all three figures for simplicity. The majority of subjects 

in all three groups indicated that they had not experienced each symptom (labelled 

"never" in the figure legends). It was unusual for individuals to report any symptom as 

occurring only "before" their plastic surgery. Among silicone gel breast implant 

recipients who had experienced each symptom at some time after their cosmetic surgery 

("after" or "before and after"), most recorded the onset of the symptom as starting "after" 

the surgery (Figure 4a). This was true for all symptoms except for oral ulcers and 

headaches. This trend was also observed for the saline (Figure 4b) and control groups 

(Figure 4c), but was less prominent. The data from these bar charts have been 

reorganized according to time of symptom onset and presented in reverse order in Tables 

3a, 3b and 3c. 

In general, the frequency of incident symptoms tended to be higher in the silicone 

gel group than the other two groups (Table 3a). Based on exploratory Pearson chi- 

squared analyses, the largest differences between groups were observed for poor 

memory, hand arthralgias, numbness, mydgia, insomnia, headaches, morning stiffness, 

and Raynaud's phenomenon. The chi-squared statistic tells us that a significant 

difference exists between at least two of the three groups for each of these symptoms, but 

does not tell us which of the three pairs of groups differ fkom one another. If the primary 

objective of the study was to compare the frequency of individual symptoms, then 24 

pairwise comparisons for the above 8 symptoms could be performed using Fisher's exact 

tests. Simple inspection of the data reveals that the greatest difference was between the 



Table 3a. Frequency (%) of self-reported incident symptoms in the silicone gel breast 
implant saline breast implant and non-silicone cosmetic surgery control groups. 

Symptom Silicone (%) Saline (%) Control (%) 2 p value t 

Poor memory 

Hand arthralgia 

Numbness 

M yalgia 

Insomnia 

Headaches 

Dyspepsia 

Joint swelling 

Hair loss (scalp) 

Photosensitivity 

Pleuritic pain 

Dry eyes 

Dysphagia 

AM stifiess 

Body rash 

Raynaud's 

Dry mouth 

Adenopathy 

Facial rash 

Nose ulcers 

Oral ulcers 

Hand deformity 

Malar rash 

Tight skin 

Skin ulcers 

t Incident symptoms are those that onset "after" cosmetic surgery. 



Table 3b. Prevalence (%) of self-reported symptoms at the time of cosmetic surgeryt in 
the silicone gel breast implant, saline breast implant and cosmetic surgery control groups. 

Symptom Silicone Saline Control x2 p value: 
(N= 1 0 1 6 )  (N=3 09) (N=609) 

Poor memory 

Hand arthralgia 

Numbness 

M yalgia 

Insomnia 

Headaches 

Dyspepsia 

Joint swelling 

Hair loss (scalp) 

Photosensitivity 

Pleuritic pain 

Dry eyes 

Dysphagia 

AM stiffness 

Body rash 

Raynaud' s 

Dry mouth 

Adenopath y 

Facial rash 

Nose ulcers 

Oral ulcers 

Hand deformity 

Malar rash 

Tight skin 

Skin ulcers 

t Includes symptoms occurring "before" or "before and after" cosmetic surgery. 



Table 3c. Prevalence (%) of current self-reported symptomst in the silicone gel breast 
implant, saline breast implant and non-silicone cosmetic surgery control groups. 

Symptom Silicone Saline Control x' p value: 
(N=1016) (N=309) (N-909) 

Poor memory 33.7 27.2 18.4 44.29 <0.0005 

Hand arthralgia 29.3 24.0 21.8 1 1.97 0.003 

Numbness 29.5 26.2 20.0 17.85 <0.0005 

Myalgia 30.3 23.6 21.7 16.17 <0.0005 

Insomnia 3 1.2 27.2 23 .O 12.86 0.002 

Headaches 40.6 3 7.9 30.1 18.23 <0.0005 

Dyspepsia 27.8 25.6 23.2 3.23 0.121 

Joint swelling 18.5 13.3 15.6 5.5 1 0.064 

Hair loss (scalp) 14.5 11.0 9.0 1 1-00 0.004 

Photosensitivity 14.3 . 13.3 10.5 4.83 0.089 

Pleuritic pain 13.7 11.0 8.1 f 2.72 0.002 

Dry eyes 14.7 10.7 14.1 3.21 0.20 1 

Dy sphagia 12.3 9.4 10.2 2.91 0.234 

AM stifhess 11.1 6.2 7.1 1 1.39 0.003 

Body rash 11.3 10.4 7.9 4.99 0.082 

Raynaud' s 11.9 9.7 7.4 8.62 0.0 13 

Dry mouth 10.4 10.0 12.2 1.45 0.485 

Adenopathy 10.3 7.8 6.4 7.8 1 0.020 ' 

Facial rash 7.1 6.8 4.4 4.83 0.090 

Nose ulcers 6.6 5.8 6.7 0.30 0.861 

Oral ulcers 10-9 11.0 7.6 5.39 0.068 

Hand deformity 3.8 3 -9 3.6 0.07 0.968 

Malar rash 3 -0 3 -6 2.1 1.74 0.4 19 

Tight skin 3.4 3 -6 4.1 0.48 0.786 

Skin ulcers 1.8 1.6 0.2 8.46 0.015 

i Includes symptoms occurring "after" or "before and after" cosmetic surgery. 



silicone gel and control groups, while the frequency among saline breast implant 

recipients was intermediate between these two groups. 

The prevalence of all symptoms occurring "before" or "before and after" cosmetic 

surgery was remarkably similar between groups (Table 3b). This suggests that subjects in 

the three exposure groups had similar perceptions regarding their symptomatic state at the 

time of cosmetic surgery. The prevalence of current symptoms occuning "after" or 

"before and after" surgery (Table 3c) show the same trends as the incidence data (Table 

3a). This is not surprising given that the prevalence of symptoms before surgery was 

similar between the groups, while the frequency of incident symptoms was higher in the 

silicone group. 

In order to assess whether a subgroup of patients complain of multiple symptoms, 

the number of incident symptoms reported by each individual was summed and 

frequency histograms were plotted for each group (Figure 5). A greater proponion of 

women with silicone gel implants reported one or more incident symptoms (69.5%, 95% 

CI: 66.1, 72.7) compared to women with saline implants (60.5%, 95% CI: 53.9, 66.7) or 

controls (51.4%, 95% CI: 46.7, 55.9). Similar trends were apparent for the proportion of 

subjects with 4 or more incident symptoms among the silicone (33.2%, 95% CI: 29.8, 

36.6): saline (27.2%: 95% CI: 21.6, 33.2) and control (19.5%, 95% CI: 16.0, 23.4) 

groups. The distribution of symptom number per subject was skewed such that the 

median and upper (UQ) and lower quartiles (LQ) were reported as the measure of central 

tendency. Overall, women in the silicone gel gmup were more likely to have multiple 

incident symptoms, with a median of 2 symptoms per subject (LQ, UQ: 0,5) compared to 



Figure 5.  Histograms of number of incident symptoms per subject for the three groups. 

A. Silicone 500 

B. Saline 

C. Control 

Number of symptoms per subject 



the control median of 1 symptom per subject (LQ, UQ: 0, 3). The saline recipients had a 

median of 1 symptom per person (LQ, UQ: 0, 4). The Kruskal-Wallis test found the 

number of incident symptoms to differ significantly @<0.0005) between the three groups. 

Mann-Whitney U tests determined that all three groups differed significantly from one 

another with respect to the number of incident symptoms per subject (p< 0.002). 

3.4. Agreement Between Physician- and Self-Reported Symptoms 

Of the 1,934 subjects included in this analysis, 932 met criteria for, and consented 

to, a clinical examination by a rheurnatologist. Because symptomatic subjects were 

invited for a clinical assessment the frequency of symptoms is inflated in this selected 

group such that a descriptive analysis of physician-reported symptoms has been omitted. 

Nevertheless, it was possible to use this data to assess agreement between physician- 

recorded and self-reported symptoms using the kappa statistic in order to see whether 

responses had changed during the face-to-face inteniew. In order to maintain blinding, 

the physician was unable to document the time of symptom onset relative to cosmetic 

surgery. Thus, the physician was able to record only symptoms that were prevalent at the 

time of the study such that agreement with self-reported prevalent (rather than incident) 

symptoms was analyzed. Figure 6 presents the pooled results for paired responses to the 

18 symptom questions appearing on both the self- and physician-administered 

questionnaires. The numbers in parentheses represent the percent of responses falling 

into each cell of the 2x2 table. 



Figure 6. Agreement between physician-recorded and self-reported prevalent symptoms. 

A. SILICONE: Kappa (95 % CI) = 0.43 (0.40,0.45) 

MD Yes MD No 

Patient Yes 

Patient No 

B. SALINE: Kappa (95 O h  CI) = 0.46 (OAZ,0.51) 

MD Yes MD No 

Patient Yes 

Patient No 

C. CONTROL: Kappa (95 % CI) = 0.45 (0.42,0.48) 

MD Yes MD No 

Patient Yes 

Patient No 



Overall, 20% of responses were discordant and 80% were in agreement for all 

three exposure groups. The chance-corrected proportional agreement, or kappa (K), was 

similar for the silicone ( ~ 0 . 4 3 ,  saline (~0.46) and control ( ~ 0 . 4 5 )  groups. Review of 

the discordant pairs shows that the most frequent discrepancy among women with breast 

implants was the report of a symptom as being present when the physician recorded it as  

absent. In contrast, the two types of discrepancy occurred with equal frequency in the 

control group. In general, there was fair to moderate agreement (r = 0.21 to 0.61) for the 

majority of individual sjmptoms (data not shown). The poorest agreement was observed 

for tight skin, with a kappa consistently 5 0.1 1. For the more common symptoms 

(myalgia arthralg 6 insomnia headaches, joint swelling, numbness), the kappa values 

ranged between 0.33 and 0.61. In summary, there were no major differences in 

agreement between physician- and self-reported symptoms among the three groups. 

However, because overall agreement was only fair to moderate, exploratory cluster 

analysis of both self-reported and physician-recorded symptoms was performed. 

3.5 Cluster Analysis of Self-Reported Incident Symptoms 

Although it is difficult to assess the degree of recall bias in reporting of the 

temporal relationship of symptoms with respect to surgery, a decision was made to 

simplify the remaining analyses by focussing on incideni self-reported symptoms. This 

choice is appropriate because we are most interested in exploring symptoms that might be 

attributable to breast implants based on the data available from this study. Furthermore, 



exploratory analyses of prevalent symptoms found similar results such that this choice 

did not materially alter the findings of this study. 

In order facilitate mderstanding of cluster analysis, a step-by-step description based 

on the fmt analysis will be given prior to presenting the remainder of the results. The 

fm step of this procedure is to select the variables to be clustered and use them to 

generate a matrix of similarity coefficients. Twentythree symptoms self-rcported by half 

of the silicone gel group selected at random (Group 1) were included in the fim analysis. 

Jaccard's similarity coefficient (S) was computed for each pair of symptoms, as shown in 

Figure 7a. The particular coefficient shown can be interpreted as the proportion of 

subjects with either insomnia or poor memory who have both of these symptoms (i.e. 

38.2%). In the h a 1  results, cluster analysis traditionally reports the "distance" between 

two variables that are being joined to form a cluster. which is simply 1.0 minus the 

similarity coefficient (e.g. 1.0 - 0.382 = 0.61 8). 

Figure 7a. Sample calculation of Jaccard's simiiarity coefficient. 

Insomnia 
Yes No 

Yes 
Poor Memory 

No 

Similarity Coeffcient (S) = a 8 1 = 0.382 - - 
a + b + c  81 +87+44 



The similarity coefficients are entered into a matrix for use by the cluster analysis 

algorithm. An abbreviated sample matrix is shown in Figure 7b (Step 1). At the 

beginning of the analysis, each individual symptom is considered to be a separate cluster. 

The matrix is reviewed by the computer, and the two symptoms with the largest 

similarity coefficient (i.e. smallest distance) are merged into a cluster. In this example, 

poor memory and insomnia join to form a new cluster "AB" which has two members. 

This requires the shaded columns to be collapsed into one column using one of the 

available linkage methods. The "average linkage" method shown in this example 

calculates the average similarity coefficient for all pairs of symptoms in the two clusters 

being joined. This value is entered into a new matrix (Step 2). For example, the new 

value in row C, column AB is equal to (0.307 + 0.262)/2 = 0.285. The process is then 

repeated using the new matrix (Step 2), such that hand pain and joint swelling have the 

highest similarity coefficient and are joined next. This results in two clusters with two 

members (AB and CD) and two clusters with one member (E and F) as shown in Step 3. 

The next step joins muscle pain (E) with cluster CD. The final step shown joins cluster 

AB with cluster CDE, again linking the shaded cells using average linkage as 

demonstrated in the sample calculation for Step 4. On completion of the analysis, 

symptoms (or clusters) with progressively smaller similarity coefficients are eventually 

joined to form one large cluster. 

The sequence of steps resulting from the analysis of all incident symptoms reported 

by Group 1 is summarized in Table 4% however, the results are presented most efficiently 

in the form of a dendrogram or tree diagram (Figure 8a). The lower the association 



Figure 7b. Example of a similarity matrix and the average linkage method based on 
cluster analysis of incident symptoms for Group 1 of the silicone gel implant group. 

Step 1: 

A. Poor B. C. Hand D. Joints El. Muscle F. Numb- 
Memory insomnia Pain Swell Pain ness 

A. Poor memory 1 .OOO - - - - - 
B. Insomnia 0382 1.000 - - - - 
C. Hand Pain 1 .OOO - - - 
D. Joinrj Swell 0.35 1 1 .OoO - - 
E. Muscle Pain 0.339 0.344 0.338 1.000 - 
F. Numbness 0.3 19 0.33 5 0.340 0.300 0.337 1 .OOO 

Step 2: 

AB C. Hand Pain D. Joints Swell E. Muscle Pain F. Numbness 
AB 1.000 - - 
C. Hand Pain oi51 : 1 .ooo - - 
D. Joints Swell 1 .OOO - - 
E. Muscle Pain 0.322 0.344 0.338 1 .OOO - 
F. Numbness 0.327 0.340 0.300 0.337 1 .OOO 

Step 3: 

AB CD E. Muscle Pain F. Numbness 
AB 1 .OOO - - - 
CD 1.000 
E. Muscle Pain m 1 0 . 3 4 1  1 .OOO 1 
F. Numbness 0.327 0,320 0.337 1 .OOO 

Step 4: 

AB CDE F. Numbness 

AB 1 .ooo - - 
CDE 0.28 1 ? 1 .OOO - 
F. Numbness 0327 0.326 1.000 

t Sample Calculation for Similarity coefficient (AB)(CDE) using values from Step1 

= (SAC + SAD + SAE + SBC + SBD + SBE) / 6 

= (0.307 + 0.228 + 0.339 + 0.262 + 0.244 + 0.304) 1 6 
- - 



between symptoms, the longer the "branchesy' of the dendrogram and the greater the 

distances (D) at which the symptoms join. The subgroup of symptoms consisting of poor 

memory, insomnia and numbness joined with a second subgroup consisting of hand pain, 

joint swelling and muscle pain early in the analysis (D=0.704). Headaches (D=0.751) 

and heartburn (D=0.763) were added last to form a natuml grouping of 8 member 

symptoms. These 8 symptoms are left unshaded in the dendrogram (Figure 8a). Six 

other symptoms were then joined to fonn 3 ~o-member  clusters which were unrelated to 

the initial 8 member cluster. including: malar rash and facial rash (D=0.765); dry eyes 

and dry mouth @=0.789); photosensitivity and body rash ( D 4 . 7 9  1 ). Thereafter, the 

remaining symptoms were joined at greater distances to form one large cluster of 23 

symptoms. 

As a means of validation, the above analysis was repeated for the second half of 

subjects (Group 2) with silicone gel breast implants. The same six symptom cluster 

formed early in the analysis, with headaches and heartburn again added last to form the 

same 8 member cluster (Table 4b, Figure 8b). Four additional small clusters were formed 

before all the symptoms joined together, including: malar rash and facial rash; dry mouth 

and dry eyes; body rash and hair loss; Raynaud's and photosensitivity. Only the first two 

are considered "stable" in that they joined together in the analyses for both Group 1 and 

Group 2. 

Cluster analysis consistently identified the natural grouping of 8 symptoms using 

four different linkage methods (average, single, complete, minimum variance) applied to 

the two randomly selected halves of subjects with silicone gel implants. These 8 self- 



Table 4 a  Results of cluster analysist of incident symptoms for Group 1 of the silicone 
gel breast implant group. 

Cluster Containing AND Cluster Containing 
Symptom Symptom 
Poor Memory Insomnia 

Hand Pain Joint Swelling 

Muscle Pain Hand Arthralgia 

Poor Memory 

Poor Memory 

Numbness 

Muscle Pain 

Poor Memory Headaches 

Poor Memory 

Malar Rash 

Dry Mouth 

Photosensitivity 

AM Stifhess 

Dysp hagia 

Dysphagia 

Chest Pain 

Dry Mouth 

D ysp hagia 

Dysphagia 

Photosensitivity 

Mdar Rash 

Malar Rash 

Photosensitivity 

Photosensitivity 

Heartburn 

Facial Rash 

Dry Eyes 

Body Rash 

Poor Memory 

Raynaud* s 

AM Stifiess 

Adenopathy 

Chest Pain 

Dry Mouth 

Hair Loss 

Dysphagia 

Mouth Ulcers 

Nose Ulcers 

Malar Rash 

Tight Skin 

Were Joined # of Members 
at Distance in New Cluster 

i Cluster analysis was performed using the average linkage method. 
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Figure 8a Average linkage dendrogram for incident symptoms reported by Group 1 of 
the silicone gel breast implant group. 
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Table 4b. Results of cluster analysist of incident symptoms for Group 2 of the silicone 
gel breast implant group. 

Cluster Containing AND Cluster Containing 
Symptom Symptom 
Hand Pain Joint Swelling 

Poor Memory 

Numbness 

Numbness 

Numbness 

Malar Rash 

Headaches 

Dry Mouth 

Heartburn 

Body Rash 

Raynaud' s 

Dysphagia 

Heartburn 

D ysphagia 

Raynaud' s 

Nose Ulcers 

Dysphagia 

AM Stiffhess 

Nose Ulcers 

Nose Ulcers 

Nose Ulcers 

Nose Ulcers 

Insomnia 

Muscle Pain 

Hand Pain 

Poor Memory 

Facial Rash 

Numbness 

Dry Eyes 

Headaches 

Hair Loss 

Photosensitivity 

Dry Mouth 

Chest Pain 

Heartburn 

Body Rash 

Malar Rash 

Raynaud' s 

Dysphagia 

AM Stiffhess 

Tight Skin 

Adenopathy 

Mouth Ulcers 

Were Joined 
at Distance 

# of Members 
in New Cluster 

t Cluster analysis was performed using the average linkage method. 
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Figure 8b. Average linkage dendrogram for incident symptoms reported by Group 2 of 
the silicone gel breast implant group. 



reported symptoms will be referred to as "cluster symptoms" throughout the remainder of 

this thesis. The same results were obtained irrespective of whether incident or prevalent 

symptoms (data not shown) were analyzed. Interestingly, similar findings were obtained 

on exploratory analysis of symptoms self-reported by the saline and control groups, 

irrespective of lkkage method or whether incident or prevalent symptoms were used. 

The dendrograms for the above analyses have been excluded for the sake of brevity. 

3.6 Cluster Analysis of Physician-Recorded Symptoms 

Among the subjects included in this secondary analysis, 5 13 silicone gel, 127 saline 

and 292 control subjects underwent a clinical assessment by a blinded rheumatologist 

because of abnormal serology, or to confirm self-reported diagnoses and 

symptomatology. The two random halves of silicone gel recipients were again analyzed 

separately, including the 217 subjects in Group I and the 22 1 subjects in Group 2 with 

complete data for all 22 symptoms. The 75 subjects with incomplete data were excluded. 

Analysis of Group 1 symptoms joined fatigue, insomnia, muscle pain, joint pain and 

headaches first to form a 5 member cluster (Table 5% Figure 9a). Numbness (D4.718) 

and joint swelling (D=0.747) were then added to this initial cluster. Two additional small 

groupings were also formed at similar distances, including: dry eyes and dry mouth 

(D=0.699); and abdominal pain, constipation, and diarrhea (D=0.736). The remaining 

symptoms were not as  strongly associated with one another and were ultimately joined to 

form the final 22 member cluster. 



Table 5a. Results of cluster analysisf of physician-recorded symptoms for Group 1 of the 
silicone gel breast implant group. 

-- - 

Ctuster Containing AND Cluster Containing 
Symptom Symptom 
Fatigue Insomnia 

Muscle Pain Fatigue 

Muscle Pain Joint Pain 

Muscle Pain Headaches 

Dry Mouth Dry Eyes 

Abdominal Pain Constipation 

Numbness 

Diarrhea 

Joint Swelling 

Joint Swelling 

Body Rash 

Body Rash 

AM Stifiess 

Dy sphagia 

Photosensitivity 

Muscle Pain 

Abdominal Pain 

Numbness 

Dry Mouth 

Joint Swelling 

Diarrhea 

Pleuritic Pain 

Raynaud's 

Body Rash 

Dysphagia Photosensitivity 

OraVNasal Ulcers AM Stiffness 

Dysp hagia 0raVNas.d Ulcers 

Tight Skin Hair Loss 

Tight Skin D~sPha%ia 
Tight Skin Malar Rash 

-- -- 

Were Joined 
at Distance 

# of Members 
in New Cluster 

i Cluster analysis was performed using the average linkage method. 
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Figure 9a. Average linkage dendrogram of physician-recorded symptoms for Group 1 of 
the silicone gel breast implant group. 



Table 5b. Results of cluster analysist of physician-recorded symptoms for Group 2 of the 
silicone gel breast implant group. 

Cluster Containing AND Cluster Containing 
Symptom Symptom 
Headaches Joint Pain 

Fatigue 

Muscle Pain 

Fatigue 

Numbness 

Dry Mouth 

Abdominal Pain 

Joint Swelling 

Constipation 

Joint Swelling 

Abdominal Pain 

Pleuritic Pain 

Abdominal Pain 

Abdominal Pain 

Raynaud' s 

Hair Loss 

Abdominal Pain 

Hair Loss 

Hair Loss 

Hair Loss 

Tight Skin 

Insomnia 

Headaches 

Muscle Pain 

Fatigue 

Dry Eyes 

Dimhea 

Nurn bness 

Dry Mouth 

Constipation 

Joint Swelling 

Dysphagia 

AM Stiffness 

Body Rash 

Oral/Nasal Ulcers 

Chest Pain 

Photosensitivity 

Abdominal Pain 

Raynaud' s 

Malar Rash 

Hair Loss 

-- 

Were Joined # of Members 
at Distance in New Cluster 

0.554 2 

t Cluster analysis was performed using the average linkage method. 
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Validation using Group 2 data identified the same 7 member cluster consisting of 

headaches, joint pain, fatigue, insomnia, muscle pain, and numbness, with joint swelling 

again joining the group last at a distance of 0.758 (Table 5b, Figure 9b). Two small 

clusters also formed at a distance less than 0.758, including: dry eyes and dry mouth; and 

abdominal pain and diarrhea The 7 member cluster was consistently obtained when the 

analysis was repeated using three alternative linkage methods (single, complete and 

minimum variance) in the two groups of silicone gel recipients (data not shown). The 

only exception occurred with complete linkage analysis of Group 1 data, in which a 10 

member cluster was formed by adding dry eyes, dry mouth and constipation to the 7 core 

symptoms. 

Exploratory analysis of physician-recorded symptoms was also performed for the 108 

saline and 255 control subjects that were interviewed and had complete data for all 22 

symptoms; 19 saline and 37 control subjects had missing data and were excluded. The 

main cluster of 7 symptoms described above was also demonstrated in the saline group 

using average, single, complete and minimum variance linkage methods. Results for the 

control group were slightly different relative to the two breast implant groups. All four 

linkage methods identified fatigue, insomnia, and headaches as being closely associated 

(D50.650). Three of the four linkage techniques also joined numbness, joint pain and 

swelling to this main cluster of symptoms (D10.855). One of the linkage techniques 

included muscle pain in this primary cluster for the control group, while the other three 

techniques joined this symptom with a second cluster containing abdomind pain, 

diarrhea and constipation. 



3.7 Analysis of Cluster Scores 

A cluster score was computed by summing the number of cluster symptoms each 

subject had from the grouping of eight self-reported incident symptoms. The distribution 

of cluster scores was highly skewed to the right (Figure 10). A median cluster score of 

1.0 symptom per subject was observed for the silicone gel (LQ, UQ: 0 to 3) and saline 

(LQ, UQ: 0 to 2) groups. The median cluster score was 0 for the control group (LQ, UQ: 

0 to 2). The three groups differed significantly fiom one another according to the 

Kruskal-Wallis ten @<0.0005). Mann Whitney U tests found that the silicone and d i n e  

groups differed from one another @=0.009), as well as fiom the control group 

(p<0.0005). Control subjects were less likely to have a cluster score of one or more 

(40.4%, 95% CI: 35.9, 44.9) compared to the silicone gel (6 1.1 %, 95% CI: 57.6, 64.5) 

and saline (53.1%, 95% CI: 46.4? 59.4) groups. The proportion of subjects in each group 

with four or more cluster symptoms was higher in the silicone gel (21.0%, 95% CI: 18.1, 

24.0) and saline (16.5%, 95% CI: 12.0, 21.7) groups compared to controls (10.7%, 95% 

CI: 8.0, 13.8). The correlation between cluster score and health status is presented 

elsewhere (Section 3 -9). 



Figure 10: Frequency histograms of cluster scores for the silicone gel breast implant 
saline breast implant and non-silicone cosmetic surgery control groups. 
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3.8 Descriptive Analysis of Health Status 

Data fiom the self-reported health status measures, including quality of life, 

global health, illness intrusiveness, and disability, were not Normally distributed (Table 

6; Figure 1 1). The majority of subjects reported good health in all three exposure groups. 

The median quality of life score in millimeters, with 100 mm representing the best 

quality, was similar in the silicone gel (92 mm), saline (93 mrn) and control (94 mm) 

groups (Table 6). Less than 10Y0 of subjects had a quality of life score of 50 mrn or less. 

Box plots reveal a similar range of values for quality of life in the three groups, with a 

large number of outliers in all groups (Figure 1 1 a). The boxes indicate the 25" and 75" 

centiles, and the central line is the 50" centile or median. The difference between the 25" 

and 75" centiles is the interquartile range. Asterisks appearing on box plots created by 

SYSTAT represent outliers, which are values that fall a distance of more than 1.5 times 

the interquartile range from the box. Open circles symbolize extreme outliers which are 

values that fall more than 3 times the interquartile range from the box. 

Median self-reported global health scores were also similar in the silicone (22 

rnrn), saline (17 mm) and control (1 6 mm) groups (Table 6, Figure 1 l b). Fair, poor or 

very poor global health scores 40 mm on the 100 mm VAS) tended to be more 

fiequent in the silicone group (16.3%) compared to saline (12.9%) and controls (1 0.5%). 

The physician-recorded global health scale showed similar findings, however, the spread 

of the scores was not as wide (Table 6). The median physician score of 90 mm for all 

groups, which is equivalent to 10 mm on the self-reported scale, suggests that physicians 



Table 6. Health status of women with silicone gel breast implants, saline breast implants 
and non-silicone cosmetic surgery controls. 

Health Status Instrument 

Quality of Life (mm) 
Mean (95% CI) 
Median (LQ, UQ) 
Range 
Score 50 mrn (%) 
N 

Global Health (mm) 
Mean (95% CI) 
Median (LQ, UQ) 
Range 
Score 2 40 mm (%) 
N 

MD Global Health (mm) 
Mean (95% CI) 
Median (LQ, UQ) 
Range 
Score 5 40 mrn (%) 
N 

Iliness Intrusiveness 
Mean (95% CI) 
Median (LQ, UQ) 
Range 
Score > 13 (%) 
N 

MHAQ Disability Score 
Mean (95% CI) 
Median (LQ, UQ) 
R a w  
Score > 0 (%) 
N 

.. . - -- 

Silicone gel Saline Control 



Figure 1 1. Box plots of self-reported health status for women with silicone gel breast 
implants, saline breast implants and cosmetic surgery controls. 
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rated overall health as being slightly better than that perceived by the subjects 

themselves. 

The Illness Intrusiveness Rating Scale is a means of assessing whether patients 

perceive that they have had complications due to cosmetic surgery and, if so, how they 

impact on various aspects of life. The lowest possible score (13.0) indicates that there 

have been no complications, or that complications did not intrude on daily life. The 

median score was 13.0 for all three exposure groups (Table 6). The spread of the data 

points is quite narrow, although a large number of outliers are visible, particularly for the 

silicone gel group (Figure 1 lc). The disability scale from the modified Stanford HAQ 

found no evidence of significant physical limitation in any of the three groups. Only 14% 

of breast implant recipients and 17% of controls recorded mean HAQ scores greater than 

zero, with a maximum recorded score of t .38. 

In summary, overall health status was not different in the three exposure groups, 

however, a large number of outliers were observed particularly for the silicone gel group. 

This suggests that a subgroup of subjects fiom each group perceived their health to be 

suboptimal in the absence of a defmed systemic disease. 

3.9 Relationship Between Cluster Scores and Health Status 

Further exploration of the data was performed in order to assess whether the cluster 

score was associated with differences in self-reported health status or baseline 

characteristics. Tables 7a and 7b present Spearman correlation coefficients between 

cluster score and selected variables. Previous analyses indicated that age and body 



Table 7a Correlation of cluster score with age, body mass index and self-reported health 
status for the silicone gel breast implant, saline breast implant and non-silicone cosmetic 
surgery controls. 

Feature 

Age 0.09 1 (0.004) 0.039 (0.505) -=0.0005 p0.999) 

Body Mass Index 0.155 (<0.0005) 0.205 (<0.0005) 0.042 (0.311) 

Quality of Life -0.353 (<0.0005) -0.245 (<0.0005) -0.203 (<0.0005) 

Global Health 0.505 (<0.0005) 0.406 (<0.0005) 0.364 (<0.0005) 

Illness htrusiveness 0.428 (<0.0005) 0.272 (<0.0005) 0.273 (<0.0005) 

t Values are Spearman rank correlation coefficients, with p values shown in parentheses. 

weight differed between the three exposure groups (Table 2a). It is therefore possible 

that differences in cluster scores between groups could be related, at least in part, to the 

confounding effects of these two variables rather than the effect of the exposure alone. 

Because this analysis was exploratory in nature, it was not appropriate to stratify the 

analysis on age and weight. However, in order to explore whether cluster score (Section 

3.7) was associated with age or weigbt, correlation coefficients were calculated (Table 

7a). The association between number of cluster symptoms and age was negligible for all 

groups. There was a weak, positive correlation between body mass index and cluster 

score in the two breast implant groups, but not in controls. Thus, the number of cluster 

symptoms increased as weight increased among women with breast implants. Because 

breast implant recipients in the present study weighed an average of 5 kg less than 

controls. the impact of this weight difference on the results would tend to minimize 



differences in cluster scores between groups and should therefore not influence the 

general conclusions. 

Increasing cluster scores were associated with lower quality of life and global health 

in the three exposure groups (Table 7a). The correlation coefficients were all 

significantly different from zero (p<0.0005), and the size of the coefficients suggested a 

moderate degree of association. The strength of the association with quality of life and 

global health was greater in the silicone gel group (-0.353 and 0.505, respectively) than 

controls (-0.203 and 0.364), while saline recipients had correlation coefficients 

intermediate between these two groups. Interestingly, the skength of association between 

illness intrusiveness and cluster score was weaker in the saline (0.272) and control groups 

(0.273) but was appreciably higher in the silicone group (0.428). This result implies that 

symptoms may have had a greater impact on the lives of women with silicone gel breast 

implants, or that this group may be more likely to atrribute their symptoms to breast 

implants. 

3.10 Association Between Cluster Score and Fibromyalgia or Autoimmune Disease 

The association between cluster score and the percent certainty of fibromyalgia 

documented by the examining rheumatologist was explored because the eight cluster 

symptoms identified are very similar to those reported by patients with this condition 

(81). In addition, correlation with percent certainty of current or past autoimmune 

disease was also computed in order to assess whether there was any association between 

increased number of these symptoms and the physicians' perception that an atypical 



Table 7b. Correlation of cluster score with diagnostic ceminty of fibromyalgia or 
autoimmune disease in the silicone gel breast implant, saline breast implant and non- 
silicone cosmetic surgery control groups. 

Diagnoses (% certainty) siliconet salinet control' 
OIJ = 483) (N = 124) (N = 282) 

Fibromyalgia 0.306 (<0.0005) 0.288 (0.00 1) 0.259 (<0.0005) 

Past autoimmune disease -0.067 (0.1 39) 0.132 (0.144) 0.009 (0.882) 

t Values are Spearman rank correlation coefficients, with p values shown in parentheses. 

autoimmune disorder might be present (Table 7b). Higher cluster scores were 

significantly associated with increased certainty of fibromyalgia, with a similar strength 

of association (0.26 to 0.3 1) in all three groups. No significant association with current 

or past autoimmune disease was identified in any of the groups. 

Table 8 presents the estimated proportion of examined subjects with fibromyalgia 

in each group and the associated 95% confidence intervals for these estimates. The 

proportion of subjects diagnosed with fibromyalgia by the examining rheumatologist was 

about 21% in all three exposure groups (Table 8). This does not represent the prevalence 

of fibromyalgia in the cohort, however, since symptomatic patients were selected for 

examination. Examined subjects in each exposure group were then stratified according to 

whether they had at least four cluster symptoms or less than four cluster symptoms. 

Participants with four or more cluster symptoms were two to three times more likely to 

have fibromyalgia compared to subjects with 3 symptoms or less; this was true for 

comparisons within each exposure group as well as between the t h e  groups. The 



Table 8. Proportion of subjects in the silicone gel breast implant, saline breast implant 
and cosmetic surgery control groups with high and low cluster scores that had 
fibromyalgia on clinical assessment. 

Exposure group I?ibromyaigiat (%) 95% C.I. 

Silicone (N=485) 
Cluster score < 4 (N=3 18) 
Cluster score 2 4 (N= 167) 

Saline (N= 124) 
Cluster score < 4 (N=82) 
Cluster score 2 4 (N=42) 

Control (N=282) 
Cluster score < 4 (N=225) 
Cluster score 2 4 (N=57) 

t Subjects were classified as having fibromyalgia if  the examining 
rheurnatologist indicated a percent certainty of diagnosis of 2 75%. 

frequency of fibromyalgia within each of these two strata did not differ across the three 

exposure groups. 



4.0 DISCUSSION 

4.1 Study Participants 

Subjects with known diseases were excluded from this analysis in order to focus 

the investigation on "unexplained" symptoms that might be related to breast implants. 

The frequency of certain diseases in the study cohort is unlikely to be representative of 

women of similar age in the general population since these subjects chose to undergo 

cosmetic surgery. Women with significant disease are less likely to undergo elective 

procedures. For example, women with Type I diabetes mellitus may be less likely to 

undergo cosmetic surgery due to increased risk of complications, such that this disease 

was under-represented in the cohort. Furthermore, the accuracy of self-reported diseases 

likely varied among diagnoses in this study. Rheumatic diseases. which were specifically 

listed on the questionnaire and which were confirmed by a clinical assessment, were 

likely recorded most accurately. Conversely, other self-reported diagnoses that were not 

listed on the questiomaire may have been under-reported if patients failed to specifically 

record them. Because the average age and weight of the control group was higher than 

the breast implant groups, it is not surprising that they were more likely to be excluded 

for diseases associated with aging and or excessive weight, including cancer, Type fl 

diabetes rnellitus, cardiac disease and severe obesity. 

Others have noted that women with breast implants have different demographic 

and lifestyle characteristics, which might confound studies of the health effects of SBI. 

For example, women with implants are less likely to be ovenveight, and may be more 

likely to drink alcohol regularly 7 drinks per week) (90). We did not observe 



differences in alcohol intake between groups, but did find that, on average, controls were 

4 years older and 5 kg heavier. These differences between SBI and control p u p s  are 

not surprising since thin women are more likely to obtain breast implants, and since 

controls had procedures typically associated with obesity and aging (i.e. liposuction, 

lipectomy, breast reduction, facial surgery). The proportion of breast implant recipients 

that were overweight (10%) was considerably less than that observed among controls 

(3 1%) and among American women over age 20 (36%) (88). Although women with 

breast implants may be more conscious of body image than other women, we did not find 

the proportion that were underweight (7%) to differ from that of American women over 

age 20 (5.7%)(88). The frequency of certain symptoms, such as muscle pain, joint pain 

and swelling, dyspepsia, and insomnia, might be expected to increase with age and 

weight. Thus, one might expect to observe a greater frequency of symptoms among 

controls. Since SBI recipients tended to have more symptoms, confounding due to age 

and weight would be expected to minimize, rather than exaggerate, between-group 

differences and should not alter the general conclusions of this study. 

The demographic characteristics of women with breast implants included in this 

analysis are generally comparable to those reported in other epidemiological studies. The 

mean age ranged from 34 to 43 years in the three cohort studies that reported symptom 

frequency (7,62,63,69) compared to 43 years in this study. Breast implant recipients in 

previous reports fiom North America were predominantly (>go%) Caucasian 

(7,63,65,90). Our finding that women with silicone gel breast implants were slightly 

more likely than controls to be married and less likely to be widowed or single is 



consistent with previous publications (7,55,57,90). Education level differed little 

between groups, and was similar to that of subjects recruited into other studies (57,90). 

Others also agree with our fmdings that a history of smoking tended to be more frequent 

in women with SBI compared with controls (7,90j. 

4.2 Self-Reported Symptoms 

The descriptive analysis of incident symptoms identified several complaints that 

were more fiequent in the silicone gel group compared to controls, including: poor 

memory, arthralgia, numbness, rnyalgia, insomnia, headaches, morning stiffness and 

Raynaud's phenomenon. The fiequency of symptoms in the saline group was generally 

intermediate between the two other groups. Although the precise date of onsct of each 

symptom was unknown, the exposed and unexposed groups had a similar average 

duration of follow-up, such that this analysis provides a reasonable indication of the 

relative frequency of complaints among the three groups. 

The frequency of incident symptoms among women with silicone gel breast implants 

was compared to data published in the three historical cohort studies that specifically 

evaluated symptoms (62,63,69). Among the self-reported symptoms described in this 

study, 12 were also reported in one or more of the otler studies. The frequencies of the 

12 symptoms are summarized in Figure 12 for women with silicone gel-filled breast 

implants (62,69) or breast implants of unspecified type (63). Published data represent 

self-reported incident symptoms (62,63) or physician-recorded prevalent 
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Figure 12: Frequency of symptoms among women with silicone breast implants 
reported in the literature and in the current study. 

symptoms (69). Tight skin is the only symptom reported more commonly in the literature 

(63) than in this study, however, these publications did not describe how this symptom 

was defined such that misinterpretation may have occurred. Mouth ulcers (62) and 

morning stiffhess (63) were reported by a similar proportion of cases as in this study. 

Adenopathy (63) and photosensitivity (62) were also similar in frequency to that reported 

herein, except in the study of Park et al (69). They found a lower frequency for all 

symptoms compared to the other studies. Because the latter study documented prevalent 



symptoms, one might have expected higher fiequencies relative to incident symptoms in 

the cohorts with a similar duration of follow-up (62,63). It is possible that data collection 

by an unmasked plastic surgeon may have resulted in a lower estimate of symptom 

fkequency relative to the self-reported data. The fiequencies of arthralgia, joint swelling, 

myalgia, rash, Raynaud's phenomenon, dysphagia and pleuritic pain were 5% to 10% 

higher in the current study than that reported elsewhere (Figure 12). These differences 

may be due to the fact that the duration of post-surgical follow-up was at least 6 years 

longer in the present study. Furthermore, the potential for recall bias may have been 

greater in 1994 when this study was conducted compared with the others which were 

completed between 199 1 and 1 993. Awareness regarding the possible health effects of 

silicone gel breast implants has continued to grow since widespread media coverage 

started in 1990, and since the North American moratorium on their use commenced in 

1992. 

Only one cohort study (62) reported the mean number of incident symptoms per 

subject for the silicone gel group (0.6 symptoms per subject) and controls (0.3 symptoms 

per subject) @4).001). The present study also found a significant difference @<0.0005) 

between the silicone gel (mean 2.9, median 2.0 per subject) and control subjects (mean 

1.8, median 1 .O per subject). In the study of Giltay et ul, 21% of controls and 37% of the 

silicone gel group had one or more incident symptoms (62). Analogous results were 

found in the present study (52% and 70%, respectively), but again subjects in our study 

tended to have more symptoms. These different results are likely related to the greater 



number of symptoms listed on our questiomaire, the greater duration of follow-up in the 

present study, and possibly recall bias. 

Indeed, recall bias represents a potential problem in studying symptoms since the 

outcome of interest is a subjective complaint that cannot be easily validated using 

medical records or other sources. A natural reaction of women with SBI to the recent 

media attention surrounding breast implants would be to pay special attention to any 

symptoms. It would thus not be surprising for SBI-exposed women to report more 

symptoms, and also be more likely to recall the onset of the symptoms as occurring 

"aftery' the surgery took place instead of "before". In the present analysis, there was no 

difference in prevalence of symptoms at the time of plastic surgery. This result suggests 

that major bias in reporting of the temporal relationship of symptoms with respect to 

surgery was unlikely, assuming that all groups were equally likely to recall and record 

symptoms in general. However, the latter assumption may not hold true if recall bias was 

present and subjects with breast implants were more likely to report symptoms overall. 

In this instance, one cannot conclude that bias in reporting the temporal relationship was 

absent. For example, controls may have under-reported symptoms occurring either 

before or after surgery, while the silicone group under-reported those occurring before 

and over-reported those occuning after. This would exaggerate differences in the 

frequency of incident symptoms whereas prevalent symptoms at the time of surgery 

would appear to have the same frequency in the exposed and unexposed groups. It is 

impossible to assess the degree to which recall bias might have influenced the results 

since we must rely on patient report as our sole source of information regarding 



symptoms and their time of onset. Nevertheless, it is possible to assess whether subjects 

may have misinterpreted the meaning of the symptom descriptions by comparing the self- 

reported data with that clarified during the physician interview (Section 4.3). 

43 Agreement Between Interview and Self-Reported Data 

Epidemiological studies make extensive use of questionnaires, however, the 

validity of self-reported data is often not assessed. Incompleteness and under-reporting 

tend to be greatest for mailed questionnaires, whereas face-to-face interviews allow for 

clarification of information and avoidance of unintentional omission of responses (71). 

While severe diseases and those with clear diagnostic criteria are recorded most 

accurately, diagnodicdly complex diseases and ill-defined conditions or symptoms are 

less likely to be recorded accurately (71,74). For example, in a study of the test-retest 

reliability of a population survey administered one week apart, 13% fewer symptoms 

were recorded on the second survey (82). 

In the present study, a face-to-face interview was performed within one year of 

the self-administered questionnaire only for a subgroup of patients who were 

symptomatic or had possible autoimmune disease based on self-report or blood tests. 

Eighteen symptoms were recorded by both the patient and the physician and were 

therefore available for comparison of responses. The chance-corrected proportional 

agreement (kappa) between the patient and physician was moderate (0.43 to 0.46) for all 

three exposure groups. 



Discordant responses occurred when either the physician or the subject noted that 

a symptom was present while the other did not. There are. a number of possible 

explanations why the two types of discrepancy may have occurred. For example, the 

symptom may have started or resolved during the time interval between the questionnaire 

and the interview. Alternatively, the subject may have misinterpreted the meaning of a 

symptom descriptor which the physician was able to clarify during the interview. 

Misinterpretation might be more likely to result in the patient recording a symptom as 

present when the physician did not. This is because certain nonspecific symptoms, (e.g. 

hair loss or tight skin) may be extremely common in the general population, while the 

intended specific medical meaning may be uncommon (e.g. significant alopecia or 

scleroderma). 

Recall bias may also have contributed to discrepancies if women with SBI were 

more vigilant in reporting minor symptoms which the physician judged to represent 

normal bodily sensations. Indeed, the current study found that women with silicone gel 

implants were more likely to report symptoms as being present when the physician did 

not (12% of paired responses) compared to controls (9% of paired responses). In 

contrast, control and SBI subjects were equally likely to report a symptom as absent 

when the physician recorded it as present (9% vs 8% of paired responses, respectively). 

It is possible that the degree to which controls may have under-reported their symptoms 

was under-estimated by this analysis, since subjects that did not report any symptoms 

were less likely to be called in for a physician interview. 



In summary, women with breast implants were somewhat more likely than 

controls to report a symptom as present when the physician did not. Overall, there were 

no major differences in agreement between physician- and self-reported symptoms 

among the three groups. However, because agreement was only moderate, exploratory 

cluster analysis of both self-reported and physician-recorded symptoms was performed. 

4.4 Cluster Analysis 

Cluster analysis of incident symptoms reported by women with silicone gel breast 

implants identified eight symptoms that appeared to form a natural grouping. The most 

closely associated symptoms included poor memory, insomnia, numbness, hand pain, 

joint swelling, and muscle pain. One may speculate whether or not headaches and 

heartbum also belong to this cluster since they were more weakly associated and 

therefore joined the cluster last. The remaining 15 symptoms were not as closely 

associated with the eight cluster symptoms or with one another, and did not appear to 

form any additional clusters. Among these 15 symptoms, it was not surprising that "face 

rash" and "malar rash'' were associated with one another since the two items describe 

variations of the same symptom. Similarly, association of the symptoms "dry eyes" and 

"dry mouth" makes sense since these two complaints reflect a decrease in mucosal 

secretions and are commonly observed together in clinical practice. 

Having identified this primary grouping of eight symptoms, how do we know 

whether the cluster is "real"? There are three main ways of validating the results in order 

to distinguish whether a structure was "forced" on the data or whether a natural cluster 



was bbdiscovered" (1 00). The first is to divide the data randomly in half, and cluster each 

half independently. If the clusters are stable then similar results should be obtained for 

the two halves, as was the w e  in the present study. The second approach to validation 

involves the use of several different techniques on the same data set; only results 

produced by all (or the majority) of methods should be accepted. In this study, four 

different techniques (average, single, complete and Ward's linkage methods) were used 

on both halves of the data. All methods consistently discovered the 8 member cluster, 

irrespective of whether incident or prevalent symptom data was used. The third means of 

validation involves replicating the solution after deleting variables and, or adding new 

variables of interest. Analysis of the physician-recorded symptoms involved both adding 

new symptoms not recorded on the self-administered questionnaire, and removing 

variables that were not recorded at the time of interview. Furthermore. clarification of 

symptoms during the inteniew reduced the possibility of misinterpretation. Despite 

these changes, a similar cluster is evident in both halves of the data and includes six of 

the cluster symptoms from the self-reported data (joint swelling, numbness, rnyalgia, 

fatigue, insomnia, arthralgia and headaches). The two remaining self-reported cluster 

symptoms, heartburn and poor memory, were not included in the physician interview. 

From the new symptoms included in this analysis, only fatigue was added to the cluster. 

Therefore, three different approaches to validation of the cluster solution produced 

remarkably similar results suggesting that a useful solution was obtained. 

Most researchers agree that the validity of clusters should also be judged 

qualitatively, by subjective evaluation and interpretability. In most instances, the 



researcher has enough content knowledge regarding the problem to distinguish "good" 

groupings that make sense from "bad" groupings that do not (99). In the context of the 

current study, the main cluster contains the most frequent symptoms reported by the 

silicone gel group. The grouping makes sense in that it generally excludes symptoms that 

are associated with classical CTD and inflammatory disorders, with the exception of self- 

reported joint swelling. When the latter symptom occurs in the setting of an 

inflammatory arthritis, it is usually associated with morning stifihess which did not join 

the cluster consistently in the present analyses. This suggests that the joint swelling was 

probably mild or that patients may have misinterpreted this symptom. The cluster 

analysis found that the most common symptoms tended to occur together within 

individuals. Nevertheless, based on the distance values at which the symptoms joined, 

the cluster symptoms did not appear to be very highly associated. The analysis did not 

uncover any previously unnoticed and potentially useful groupings, such that one may 

question whether the cluster analysis provided any useful information beyond the 

frequency analysis presented earlier. However, the f a t  that other clusters of closely 

associated, perhaps less frequent, symptoms were not identified is also an important 

finding. 

In the context of the existing literature, it was not surprising that the main cluster 

contained some of the most common symptoms reported by women with SBI including 

fatigue, cognitive dysfunction, insomnia, myalgia, arthralgia and joint swelling (77). In 

contrast, however, other symptoms that are associated with "siliconosis" in case series 

were not found to be associated with the cluster, including lymphadenopathy, Raynaud's 



phenomenon, alopecia, and skin rashes. Many case series also suggested that dry eyes 

and dry mouth were over-represented in women with SBI, suggesting the possibility of a 

Sjogren's-like illness (104). While dry eyes and dry mouth appeared to be associated 

with one another in the current analysis, these symptoms were not associated with the 

main grouping. Thus, many of the symptoms previously ascribed to "siliconosis" did not 

appear in the primary cluster identified in this analysis. 

In summary, the primary eight symptom cluster identified was reproducible and 

appears to make sense, however, the cluster was not unique. The same cluster was 

consistently observed in the control and saline breast implant groups irrespective of 

linkage method, or whether incident, prevalent or physician-recorded symptoms were 

analyzed. As alluded to previously, a cluster analysis solution is the beginning of the 

research process, not the end (105). At this stage, one can generate hypotheses, however, 

they must be tested on data generated fiom new subjects and not the data fiom which the 

hypotheses were developed (100). In addition, one can describe the cluster fbrther by 

evaluating variables that were not used to generate the cluster solution as a form of 

external validation (1 02) (Section 4.5). 

Simple inspection of the cluster symptoms leads readily to the generation of at least 

one hypothesis. This grouping of symptoms is very reminiscent of those associated with 

fibromyalgia According to the American College of Rheumatology criteria (4), a patient 

may be classified as having fibromyalgia if they have had widespread pain for at least 3 

months and have pain in 1 1 of 18 tender points on digital palpation. Patients with 

fibromyalgia also frequently complain of subjective joint swelling (70%), numbness 



(63%), sleep disturbance (74%), fatigue (66%), cognitive dysfunction and depression 

(48%) (81). Symptoms of irritable bowel syndrome, including abdominal pain and 

constipation alternating with diarrhea, are also common in patients with fibromyalgia 

(48%). Indeed, the above symptoms, along with chronic headaches, used to be 

considered minor diagnostic criteria for fibromydgia before the criteria were revised in 

1990 (1 06). 

Chronic fatigue syndrome has many overlapping features with fibromyalgia and it is 

recognized that patients ofien l lf i l l  diagnostic criteria for both disorders (107). While 

any of the above symptoms can be observed in patients with chronic fatigue syndrome, 

the diagnosis requires the presence of debilitating fatigue for at least six months, plus 4 

out of 8 minor criteria (sore throat, lymphadenopathy, arthralgias, myalgias, new 

headaches, cognitive dysfunction, nonrestorative sleep, and post-exertional malaise) 

(108). Interestingly, many o f  the above symptoms are also described in the "Gulf War 

Syndrome" (1 09) and "Multiple Chemical Sensitivities" syndrome (1 1 O), neither of 

which have accepted case definitions at this time. Thus, it is possible that these 

collections of symptoms may represent a non-specific response to a broad range of 

stressors (1 1 1). 

Based on the cluster of symptoms described in the present study, one might 

hypothesize that patients with SBI were more likely to have fibromyalgia or chronic 

fatigue syndrome. This would also explain why the primary cluster was not unique to the 

silicone group, but was also identified in the saline implant and control groups. It is 

conceivable that SBI may be responsible, at least in part, for causing the cluster 



symptoms. For example, women with significant breast pain due to local complications 

might have chronic disruption of their sleep resulting in fibromyalgia. In addition, 

women with saline breast implants appear to have fewer local breast complications (1 12), 

such that one might expect the fiequency of symptoms in this group to be lower. 

Alternatively, it is also conceivable that some additional feature that predisposes women 

to fibromyalgia also makes them more likely to have breast implants (58,113). As an 

example, women who seek perfection in all aspects of life, including their physical 

appearance, may experience enormous stress levels which may in turn increase their risk 

of developing fibromyalgia The latter example does not explain why women with saline 

breast implants had a lower frequency of symptoms relative to the silicone gel group. 

Based on data fiom case series of symptomatic women with breast implants, other 

researchers have previously suggested that their symptoms resembled fibromyalgia or 

chronic fatigue syndrome. In one such case series (N=69), 61% of women met criteria 

for chronic fatigue syndrome, 49% met criteria for fibromyalgia and 43% met criteria for 

both conditions (114). Solomon and colleagues reported a high fiequency of chronic 

fatigue syndrome (62%) among 639 women referred for assessment of symptoms but 

only 5% of these patients were diagnosed with fibromyalgia (1 15). Several smaller series 

of symptomatic patients reported frequencies of fibromyalgia ranging fiom 13% to 98% 

(1 16-1 18). Romano's series of 272 symptomatic breast implant recipients demonstrated 

that a high proportion had fibromyalgia (86%), myofasciai pain syndrome (93%) or both 

conditions (54%)(119). 



Few controlled studies have assessed the possible association between fibromyalgia 

and SBI. In 1995, Wolfe and colleagues reported a case control study in abstract form 

comparing the odds of having breast implants among 533 women with fibromyalgia, with 

the odds of breast implants among 479 women with osteoarthritis plus 655 healthy 

community controls (58). Exposure status was recorded on a mailed questionnaire or 

telephone interview. Seven fibromyalgia patients reported breast implants (OR 3.86, 

95% CI 1.08, 13.79,  however, exclusion of the 3 cases diagnosed with fibromyalgia 

prior to breast augmentation resulted in a lower risk estimate (OR 2.1 1, 95% CI 0.5 1, 

8.77). 

Recently, two population-based historical cohort studies evaluated the risk of CTD in 

breast implant recipients from Denmark (67) and Sweden (66). These studies used 

national registries of hospital discharge ICD-8 codes to ascertain exposure and disease 

status. The Swedish study did not find an increase in the risk of fibromyalgia among 

7442 SBI-exposed compared with 3353 breast reduction controls. However, patients are 

rarely admined for fibromyalgia and discharge data for non-rheumatology admissions are 

likely to miss this diagnosis, such that the prevalence of fibromyalgia was severely 

underestimated by this study (0.1%). Although the same problem was evident in the 

Danish study, they found a doubling of risk for *muscular rheumatism" in women with 

cosmetic breast augmentation (N=1,135) as well as in breast reduction controls 

(N=7,071) compared to the number expected based on national hospital discharge rates. 

They suggested that breast surgery per se may be associated with an apparent increase in 

muscular rheumatism, and that this relationship requires fuaher study. 



4.5 Health Status of Cosmetic Surgery Patients 

Descriptive analyses demonstrated that cluster scores were higher in women with 

silicone gel breast implants compared to cosmetic surgery controls. Despite this 

difference, scores for quality of life, global health, and the modified HAQ were similar in 

the three groups. Quality of life and global health scores were in the range expected for 

healthy individuals, however, a large number of outliers with lower health status were 

noted. The similarity between groups is not surprising since the quality of life scale used 

was not designed for use in the general population and does not discriminate adequately 

among relatively healthy individuals (92). Similarly, the modified HAQ showed no 

evidence of disability in any group, with scores (~0.1) similar to those reported for 

healthy individuals (120). This instrument was designed for use in arthitis patients, but 

has also been applied in studies of fibromyalgia where average disability scores are 

typically equal to 1 .O (8 1,12 1). 

Generic quality of life scales measure the overall well-being of individuals, and 

complex factors which are unrelated to disease may be incorporated into the final score. 

The Illness Intrusiveness Rating Scale has therefore been developed as a means of 

directly assessing the psychosocial impact of illness by measuring illness-induced 

lifestyle disruptions (122). In this study, patients were specifically asked about the 

effects of complications due to cosmetic surgery on their lifestyle. Not surprisingly, 

illness intrusiveness scores were greater in the two breast implant groups compared to 

controls. Although the silicone gel group had the highest mean illness intrusiveness 



scores (1 8, 95% CI 17.2, 18.5), the data suggest that the degree of intrusiveness was 

relatively mild overall. For example, this score is considerably lower than that of patients 

with rheumatoid arthritis, whose mean scores may range from 30 to 50 depending on the 

severity of the arthritis (122). Again, box plots revealed a large number of outliers, 

particularly in the silicone gel group, indicating that complications from surgery had 

affected the lives of a subgroup of patients. 

It is reassuring that the health status of the cosmetic surgery patients included in 

this analysis was normal overall, and that illness intrusiveness was relatively low. 

Nevertheless, some individuals appear to develop multiple unexplained symptoms and a 

small group of patients have low health status. The data were therefore explored to 

determine whether there might be any association between the number of cluster 

symptoms and health status. Cluster score was moderately associated with reduced 

quality of life and global health in all three exposure groups @<0.0005). Conelation 

coefficients ranged from 0.20 to 0.51, and were consistently highest for the silicone gel 

group and lowest for the control group. While global health had the highest correlation (r 

=0.51), this result suggests that cluster score alone accounted for only 25% of the 

variability in global health of women with silicone gel breast implants. This is not 

surprising since a large number of factors are likely to be weighed by the patient when 

completing this scale. Nevertheless, the size of this coefficient is not trivial relative to 

analogous correlations reported in the literature. For example, a recent study reported 

global health and pain scores among patients with rheumatoid arthritis to be highly 

correlated with a coefficient of 0.66 (123). 



Illness intrusiveness scores, which relate mox specifically to surgical 

complications, were also moderately associated with cluster score. It is interesting that 

the strength of association was highest in the silicone gel group (r=0.43) and the same in 

the saline and control groups (14.27). This implies that women with silicone gel breast 

implants may be more likely to attribute symptoms to their breast implants or that their 

symptoms had a greater impact on daily life for reasons that cannot be deduced from this 

analysis. Local complications, including breast pain, hardening and deformity of the 

implants, may explain some of the remaining variance in illness intrusiveness scores. 

As discussed, the cluster symptoms are relatively nonspecific and resemble those 

experienced by patients with fibromydgia While the symptoms might also be related to 

an atypical autoimmune disorder. this seems less likely since symptoms such as dry eyes, 

dry mouth, skin rashes and Raynaud's phenomenon did not form part of the cluster. 

Further exploratory analysis found that the cluster score was moderately associated with 

the physician's diagnostic certainty that the patient had fibromyalgia for all exposure 

groups ( ~ 0 . 2 6  to 0.31). Moreover, there was no association between symptoms and per 

cent certainty of any autoimmune disease (r = -0.004 to 0.132) suggesting that the 

examining physician did not judge the symptoms to be part of an autoimmune syndrome. 

Among the subgroup of subjects that underwent a physical examination, the 

prevalence of fibromydgia was 21% in all three exposure groups. It is not surprising that 

this is higher than the estimated prevalence of fibromyalgia of 3.4% among women in the 

general population (81), since symptomatic patients were selected for the examination. 

This value is consistent with the estimated prevalence of 10 to 20% among patients 



referred to rheumatology clinics (124). Categorization of subjects based on cluster score 

revealed that subjects with a score of four or more were 2 to 3 times more likely to have 

fibromyalgia in all three exposure groups. 

While 35% to 40% of women with four or more cluster symptoms were found to 

have fibromyalgia, at least 60% had symptoms that were "unexplained". This was true 

for women with breast implants and those without, and likely reflects the high prevalence 

of musculoskeletal symptoms in the general population (80). For example, a recent 

population survey in Norway found that 17% of participants (N=11,780) had 

noninflammatory widespread pain during the previous month, with the highest 

prevalence occurring among low educated, divorced, or widowed middle-aged and non- 

working women (125). Wolfe and colleagues performed a population s w e y  in the USA 

(N=3,006), and found that 10.6% of the population had widespread pain that had 

persisted for at least 3 months (81). However, only 25% of women and 7% of men with 

chronic widespread pain had fibromyalgia based on a physical examination that was 

performed on a random sample (N=193) of these subjects. In agreement with the 

Norwegian study, they also found that divorced females with lower education levels were 

at higher risk for fibromyalgia. The prevalence of fibromyalgia increased with age, with 

the highest values attained between 60 and 79 years (8 1). 

Based on demographic characteristics, one might have expected the control group 

in this study to have a higher frequency of symptoms and fibromyalgia Further analysis 

found no correlation between cluster score and age in any group, and only a weak 

positive correlation between cluster score and body mass index for the two breast implant 



groups. It therefore seems unlikely that demographic differences are responsible for the 

differences in symptom fkequency observed between groups. 

In summary, the correlation coefficients described can only provide an indication 

that cluster score was associated with lower health status and fibromyalgia, but a causal 

relationship cannot be proven. It is also not possible to conclude that breast implants 

caused the increase in symptoms. Nevertheless, this exploratory analysis indicates that 

characteristics related to health status and fibromyalgia differed between subjects with 

multiple cluster symptoms and those without. This form of external validation lends 

further support that a usel l  cluster solution was obtained. While the frequency of 

symptoms was highest in the silicone gel group, the prevalence of fibromyalgia was 

similar in all three groups. Alternative explanations for symptoms among women with 

breast implants need to be considered in future studies. 



5.0 STRENGTHS AND LIMITATIONS 

5.1 Strengths 

Selection bias is defined as the error due to systematic differences between those 

who participate in a study versus those who do not (96). The potential for selection bias 

was addressed in the original historical cohort study by analyzing aggregate data on 

health service utilization in participants and nonparticipants. Both controls and SBI 

recipients who participated used health care resources to a greater extent than did 

nonparticipants. This difference may have occurred because people who are familiar 

with the health care system may be more likely to volunteer for research studies. This 

finding implies that nonparticipants did not refuse because they were too ill to participate. 

Misclassification bias is the error that occurs when an individual is assigned to a 

category other than that to which they belong (96). This form of bias was minimized by 

validating exposure status, including implant type, using surgical records. Furthermore, 

subjects had an adequate exposure period of 8 to 16 years in which symptoms could 

develop, thus minimizing the potential for underestimating the frequency of symptoms. 

The design included a blinded history and physical examination which allowed an 

unbiased assessment of fibromyalgia and atypical autoimmune disease, as well as 

clarification of symptoms. 

Confounding is defined as a situation in which a measure of the effect of an 

exposure on risk is distorted because of the association of exposure with other factor(s) 

that influence the outcome under study (96). This study attempted to minimize potential 

confounding by excluding breast cancer patients. A number of other potential 



confounders were also assessed to ensure similarity between the comparison groups. 

Furthermore, subjects with defined systemic diseases were excluded to allow the study of 

unexplained symptoms. Additional strengths of the present study included its feasibility, 

non-intrusiveness and low cost since the database was readily available. Although power 

calculations are not available for cluster analysis, the number of participants was more 

than adequate for use of this technique. 

5.2 Limitations 

Assessment of possible selection bias was a strength of the primary cohort study, and 

it is unlikely that the risk of CTD was underestimated. However, since health care 

utilization rates may be a surrogate measure of morbidity, this study might have included 

more women with symptomatic complaints. Since physician service utilization rates 

were similar in the SBI and control groups, the frequency of symptoms may have been 

overestimated to the same extent in both groups. Alternatively, women with SBI may 

have chosen to participate due to anxiety regarding possible implant-related symptoms, 

kvhile controls participated irrespective of symptoms. This potential form of selection 

bias may not have been reflected by physician service utilization rates and would tend to 

exaggerate differences in symptom frequency between groups. Indeed, the higher rate of 

participation of women with SBI (1 7%) relative to controls (10%) suggests that selection 

bias may have occurred. 

Given the attention of the media, as well as potential legal and financial 

ramifications associated with breast implants during our study, recall bias in the implant 



group presents the greatest threat to validity of the symptom data. This would tend to 

overestimate the risk of individual and multiple symptoms among the exposed. Because 

of the length of time that has elapsed since cosmetic surgery (7 to 16 years), recall as to 

whether the symptom started before or after surgery may not be accurate. This is 

particularly true if the symptom started around the time of the operation. However, if the 

literature is correct in suggesting that symptom onset occurs an average of 8 to 10 years 

after breast implantation, then it may be easier for patients to accurately recall whether 

symptoms started after surgery. This would represent a long interval fkom the time of 

surgery and a period of only 0 to 6 years before the study started. 

Although potential confounders were explored in the present study. participants 

were not randomized to the two exposure groups such that they may differ with respect to 

unmeasured characteristics. For example, a characteristic that makes women choose to 

have breast implants may also increase symptoms. Thus, differences in symptom 

frequency between SBI-exposed and control subjects could be due to unmeasured 

confounders rather than to the implants. 

Although the results of the cluster analysis were validated and found to be robust, 

the results should be considered exploratory and are therefore not applicable to all 

women with breast implants. Additional research with other subjects is required to 

determine the extent to which these findings might be generalizable. 



6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conciusions 

A. i )  In general, individual symptoms with onset after cosmetic surgery were more 

frequent among women with silicone gel breast implants compared with cosmetic 

surgery controls. In addition, women in the silicone gel group were more likely to 

develop multiple incident symptoms compared with the control group. The saline 

breast implant group had an intermediate number of symptoms relative to the 

other two groups; this finding has not previously been reported. 

ii) Agreement between physician- and self-reported symptoms was moderate in 

the two breast implant groups and controls. Women with silicone gel breast 

implants were more likely than controls te report a symptom as present when the 

physician did not. 

B. i) Exploratory cluster analysis of 23 self-reported incident symptoms consistently 

identified a natural grouping of 8 symptoms in women with silicone gel breast 

implants, including: poor memory, insomnia, numbness, muscle pain, hand joint 

pain, joint swelling, headaches and heartbum. Validation procedures, including 

the use of four different linkage methods and analysis of physician-recorded 

symptoms, obtained analogous results. The strength of association between these 

cluster symptoms appeared to be moderate. 

ii) The symptom cluster was not unique to the silicone gel group since it was also 

observed on analysis of data from the saline and control groups. Members of the 



silicone gel breast implant group had a greater number of cluster symptoms per 

subject relative to controls. Again, the saline group had an intermediate number 

of cluster symptoms per subject relative to the other two groups. 

i) Overall health status among study participants was good. No differences 

between groups were observed for quality of life, global health or disability 

scores, although a large number of outliers with reduced health status were noted, 

particularly among the silicone gel group. Complications due to cosmetic surgery 

leading to lifestyle disruptions were slightly greater in the two breast implant 

groups relative to controls. While the overall degree of this intrusiveness was 

relatively mild, a small subgroup of patients experienced complications that had 

an important impact on lifestyle. 

i i )  The number of cluster symptoms per subject was moderately associated with a 

number of outcomes, including reduced health status, greater illness intrusiveness, 

and fibromyalgia This was true for all three exposure groups, however, the 

strongest associations were observed in the silicone gel breast implant group. 

This form of external validation of the cluster results provides additional support 

that a usehl solution was obtained, 



6.2 Recommendations 

The results of the present analysis agree with previous literature suggesting that 

women with silicone breast implants may be more likely to develop multiple symptoms 

compared with other women. The symptom cluster identified consisted mainly of 

nonspecific complaints and did not contain many of the symptoms previously attributed 

to silicone exposure or autoimmune disease. The differences in symptom frequency 

observed between groups may either reflect the truth or be due to bias. If the differences 

are real, it is possible that the symptoms are caused by breast implants. Based on 

available information, it seems unlikely that breast implants cause these symptoms 

through autoimmune mechanisms. Alternative explanations. including local breast 

complications, should be considered in future studies. If local compIications are related 

to the nonspecific cluster symptoms, then this might explain why saline breast implant 

recipients had fewer symptoms relative to the silicone gel group. 

Alternatively, real differences in symptom frequencies may be due to confounding 

factors. Because the women were not randomized to the three exposure groups, they may 

differ with respect to unmeasured characteristics that might confound the relationship 

between SBI and symptoms. Personal characteristics that lead women to choose breast 

augmentation may be associated with an increase in the risk of nonspecific symptoms. 

Future studies should broaden our understanding of these personality and related factors, 

which may in turn improve our ability to counsel and care for these women. 

As mentioned, between-group differences in symptoms may be due, at least in part, 

to bias. Selection bias may have occurred if symptomatic women with breast implants 



volunteered to participate in this study, while contro 1s participated irrespective of 

symptoms. More importantly, recall bias alone could explain the differences in symptom 

frequency. The observation that women with saline implants reported fewer symptoms 

than those with silicone gel breast implants could be related to the fact that many women 

perceive saline implants to be completely safe. 

Subjective symptoms represent a difficult health outcome to study since we must 

accept that symptoms are what the patient says they are, with no means of objectively 

verifjmg their presence. Nevertheless, the association between breast implants and 

symptomatic complaints warrants additional investigation. As discussed, further study is 

required in order to validate the observed cluster solution in other samples of cosmetic 

surgery patients. If the same cluster is obtained in other cohorts then this would indicate 

that the results are generalizable beyond the subjects included in the present study. It 

seems unlikely, however, that this cluster will form the basis of a new case definition for 

silicone-related disease. This symptom cluster would not likely be capable of 

differentiating symptomatic women with breast implants from those with chronic fatigue 

syndrome or fibromyalgia Thus, future research efforts should focus on existing 

consrmcts related to these fatiguing disorders where a significant body of literahue 

already exists. 

Future research could be pursued as an extension of our historical cohort study by 

conducting a prospective follow-up component. This study would be feasible since a 

recent survey of the cohort found that the majority of women would be willing to 

participate in kture studies. In addition, sociodemographic data has already been 



collected, and implant type has been rigorously validated for these women. Exposed 

subjects should include women with silicone gel breast implants and saline breast 

implants. Among the unexposed cohort, those undergoing breast reduction should be 

analyzed separately to allow evaluation of the effects of breast surgery per se. 

Blinded interviews and examinations should be performed in a manner similar to the 

primary cohort study, including documentation of local breast complications. Additional 

information should be collected regarding possible silicone-related symptoms, including 

symptom severity, time of onset, and patient certainty regarding onset time. In particular, 

more detailed information should be obtained on symptoms related to fibromyalgia and 

chronic fatigue syndrome in order to determine whether subjects meet classification 

criteria for these conditions. Furthermore, validated scales for measuring pain and 

fatigue may also provide useful information. As alluded to previously, psychological 

assessments for personality traits and depression should also be considered in fbture 

studies. Finally, valid health status instruments appropriate for relatively healthy 

individuals should be included in future research efforts. For example, the Fibromyalgia 

Impact Questio~maire is commonly used in the assessment of fibromyalgia patients (126). 

In addition, the SF36 has been shown to be usell in assessing functional status in 

patients with fatiguing illnesses (127). The latter insmunent has k e n  used extensively 

for a broad range of conditions such that comparison of results with those published for 

other patient groups would be possible. Nevertheless, the ability of the SF36 to 

discriminate amongst subgroups of relatively healthy individuals is uncertain, such that 

carem consideration of other health status bsmments may also be warranted. 
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APPENDIX A: Self-Administered Questionnaire (Relevant Sections Only) 

Physical Symptoms 

In this section we are interested in learning what symptoms, conditions, or side effects 
you have had. 

Please check any symptoms you have experienced and indicate if the symptoms first 
occurred BEFORE, AFTER, or BEFORE AMD m E R  your cosmetic surgery by 
chechg the appropriate box(es) beside each symptom. If you did not experience a 
symptom, do not check anything. 

[BEFORE I AFTER I EYES/NOSE/MOUTH 

BEFORE 

Dry eyes 
Dry mouth 
Mouth sores (ulcers) 
Nose sores (ulcers) 

AFTER GENERAL 
Enlargement of lymph nodes 

BEFORE 

BEFORE 

AFTER 

BEFORE 

HAIR/SKIN 
Loss of hair (on head) 
Rash on body 
Rash on face 
Rash over cheeks (butterfly rash) 
Sun sensitivity (unusual skin reaction, not sunburn) 

I 

Red, white and blue skin color change in fingers on 
exposure to cold or with emotional upset 
Skin ulcers (fingers, toes or legs) 

AFTER STOMACWBOWELS 
Difficulty swallowing or feeling of food getting stuck 
Heart bum, indigestion., or belching 

AFTER 
1 

CHEST/LUNGS/HEART 
Chest pain on taking a deep breath 



APPENDIX A (continued) 

BEFORE 

1 BEFORE 1 AFTER [ GYNECOLOGICAL HISTORY 
1 1 

AFTER I MUSCLES/JOINTS 
Muscle pain 
Joint Swelling 
Hand joint pain f 

Hand deformities 
If you are stiff in the morning, how long does it last? 
(hour/min) 

BEFORE 

Abnormal vaginal bleeding 
Menstrual problems 
Cessation of menstrual periods (periods stopped) 
Miscarriages 

General Opinions on Health and Cosmetic Surgery 

AFTER 

1. Rate your health: 
Considering all aspects of your health, rate how you are doing on the scale below by 
placing an X on the line at the place which you feel best represents your overall health. 

NERVOUS SYSTEM 
Headaches 
Seizures or convulsions 
Numbness or tingling in hands or feet 
Waking at night (insomnia) 
Trouble thinking and remembering 

I - - I I I I I I I I  - -  1 - 1  
VERY WELL FAIR POOR VERY 
WELL POOR 



APPENDIX A (continued) 

2. Rate your quality of life: 
Please mark with an X the appropriate place on the line to indicate how you would rate 
your QUALITY OF LIFE DURING THE PAST WEEK. 
LOWEST QUALITY applies to someone completely dependent physically on others, 
seriously troubled mentally, unaware of surroundings and in a hopeless position. 
HIGHEST QUALITY applies to someone physically and mentally independent, 
communicating well with others, able to do most of the things enjoyed, pulling own 
weight, with a hopeful yet realistic attitude. 

I _ - I  ----- I _ _ I _ _ I _ _ I _ _ I _ _ _ _ I _ _ I _ _ _ I I  
LOWEST HIGHEST 

QUALITY QUALITY 

3. Rate your disability: 
Please check (4)  the ONE best answer to the questions below: 

Without With With UNABLE 
AT THIS MOMENT, are you able to: ANY SOME MUCH To 

Difficulty Difficultv Difficulty Do 

a. Dress yourself, including tying 
shoelaces and doing buttons? 

b. Get in and out of bed? 

c. Lift a ful cup or glass to your mouth? 

d. Walk outdoon on flat ground? 

e. Wash and dry your entire body? 

f. Bend down to pickup clothing f?om 
the floor? 

g. Turn regular faucets on and off! 

h. Get in and out of a car? 



APPENDIX A (continued) 

Possible intrusiveness of Cosmetic Surgery 

The following questions ask if complications from your cosmetic surgery interfere 
with different aspects of your We. PLEASE CIRCLE THE NUMBER THAT BEST 
DESCRIBES YOUR CURRENT LIFE SITUATION. If an item is not applicable, 
please circle the number one (1) to indicate that this aspect of your life is not affected. If 
YOU have no complications. check the box and go to the next Due. P 

1. How much do complications fiom your cosmetic surgery interfere with your 
HEALTH (i.e., how well you feel physically)? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 

2. How much do complications fiom your cosmetic surgery interfere with your DIET 
(i.e., the things you eat and drink)? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 

3. How much do complications fiom your cosmetic surgery interfere with your WORK? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 

4. How much do complications from your cosmetic surgery interfere with your ACTIVE 
RECREATION (i.e.. sports)? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 

5. How much do complications from your cosmetic surgery interfere with your 
PASSIVE RECREATION (e.g., reading, listening to music)? 

NOTVERY MUCH 1 2 3 4 5 6 7 t'ERYP.4UCH 

6. How much do complications fiom your cosmetic surgery interfere with your 
l?INANCLAL SITUATION? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 

7. How much do complications fiom your cosmetic surgery interfere with your 
RELATIONSHIP WITH YOUR HUSBAND (or with your boyfriend, if you are not 
married)? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERYMUCH 



APPENDIX A (continued) 

8. How much do complications fiom your cosmetic surgery interfere with your SEX 
LIFE? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 
9. How much do complications from your cosmetic surgery interfere with your 

FAMILY RELATIONS? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 

10. How much do complications from your cosmetic surgery interfere with your 
OTHER SOCIAL RELATIONS? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 

1 1 .  How much do complications from your cosmetic surgery interfere with your SELF- 
EXPRESSION / SELF-IMPROVEMENT? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 

12. How much do complications fiom your cosmetic surgery interfere with your 
RELIGIOUS EXPRESSION? 

NOTVERYMUCH 1 2 3 4 5 6 7 VERY MUCH 

13. How much do complications fiom your cosmetic surgery interfere with your 
COMMUNITY AND C M C  INVOLVEMENT? 

NOTVERY MUCH 1 2 3 4 5 6 7 VERY MUCH 



APPENDIX B: PHYSICIAN ASSESSMENT FORM (relevant parts only) 

Other History No Yes No Yes 

Weight loss* a 0 

Loss of appetite 0 0 

Fatigue 0 0 

Sleep disturbances D C 

Headaches 0 0 

Seizures 0 0 

Hdlucinations 0 0 

Numbness 0 0 

Weakness 0 O 
4 

Dry eyes 0 0 

Dry mouth 0 Q 

MouWnose ulcers Q O 
3 

Body rash 0 0 

Malar rash Q O 

Photosensitive rash O 0 

Alopecia Q 0 

Raynaud's syndrome D a 
Skin tightening 0 D 

Joint swelling 0 0 

Morning stifhess* * Q 0 

Arthralgia 0 0 

Myalgia Q 0 

Back pain Q Q 

Proximal muscie weakness Q Q 

Cough 0 Cl 

Dyspnea Cl 0 

Pleuritic chest pain Q tJ 

Hemoptysis a LI 

Edema 0 Q 

Dy sphagia Q Cl 

Diarrhea 0 0 

Constipation 0 0 

Abdominal pain 0 Q 

Dysuria / Frequency 0 P 

Nocturia Q 0 

If "Yes" #Ibsl #months **If "Yes", duration # minutes 




